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Foreword

‘The explorers whose work is represented in the
pages of this rich and fascinating volume face chal-
lenges far more daunting. First, the world they
strive to represent is an abstract and intellectual one,
not a physical reality that can be imaged from space,
surveyed on the ground, and depicted in miniature
on a map. The interrelationships among the land-
marks of this abstract world are real, but they are
not easily represented in the simple, straightforward
ways that one can convey the distances between, say,
three cities.

Second, there is no equivalent in the cartography
of science to the standards and conventions upon
which we mappers of the physical world comfortably
depend. There’s no agreed-upon notion of north-as-
up, of systems of latitude and longitude, of symbols,
scale, and projection. Mapping the world of science
requires the invention of a brand-new geography.
Not only that, but the new geography then needs
to be represented visually using colors, lines, and
symbeols for which no conventions exist.

Third, the world that is being mapped in this
book is changing at a dizzying rate. It's a fact of
twenty-first-century science that whole realms of
inquiry bloom into existence almost overnight,
creating new places and spaces in ways that are alien
to “normal” cartography. It is as if entire continents
and archipelagoes were to constantly erupt on the
roiling surface of a map even as that map was being
drawn for the first time.

Allen Caroll
Chief Cartographer
National Gesgraphic Society
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Physically-based

Accuracy is measurable

Trade-offs have more to do with granularity
2-D projections are very accurate at local levels
Centuries of experience

Geo-maps can be a template for other data

Early Maps of Science

Abstract space

Accuracy is difficult

Trade-offs indirectly affect accuracy

2-D projections neglect a great deal of data
Decades of experience

Science maps can be a template for other data
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Part 1: Introduction

Because of the explosive power of exponential growth, the 21st
century will be equivalent to 20,000 years of progress at today’
rate of progress. The whole 20th century is equivalent to 20 years
of progress at foday’s rate of progress. Organizations have to be
able to redefine themselves at a faster and faster pace.

Ray Kurzweil




'The Rise of Science
and Technology
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2005 World Population

The population map uses a quatter 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/
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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).

; C 3
100,000 i
1,000,000
10,000,000 2007 1P Addl' €S8 Ownershlp

GeolL m IP owners ]:I[]\ database from MaxMind
|11tp fwww.maxmind.com/: app/geo 1]1 country
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2003 Scientific Productivity

Shown is where science is performed today. Each circle indicates a geographic location at which scholatly 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.

100 S ) i
1,000

10,000 2003 Scientific Productmty
Science Citation Index and Social Science Ciratfon Index
by Thomson Scientific htep://scientific.thomson.com/
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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, Africa,
Asia, and Australia are rather dark despite their high population density, see map to the left.

Part 1:

Introduction

2 Knowledge Equals Power

4 The Rise of Science
and Technology

6  Addictive Intelligence Amplifiers
8  Knowledge Needs and Desires
10 The Power of Maps

12 Science Maps and Their Makers ~

INDEX CHART

[','{.':’LA

In 1870, Captain George Everest embarked to map India by triangulation. For generations, a vast network of
repeating sightline triangles was meticulously measured and recorded (see map below). What resembles a pattern of
eyelashes on the northern border represents the sightlines to stations built above treetops. While analyzing the triangles in
the calculating offices of Calentta, the mapmatkers discovered the bhighest peak in the world: Mount Everest
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Part 2: The History
of Science Maps

Noise becomes data when it has a cognitive pattern. Data becomes information when assembled
into a coherent whole, which can be related to other information. Information becomes knowledge
when infegrated with other information in a form useful for making decisions and determining
actions. Knowledge becomes understanding when related to other knowledge in a manner useful

in anticipating, judging and acting. Understanding becomes wisdom when informed by purpose,
ethics, principles, memory and pro;

ection.

George Santayana
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Part 3: Toward a

Science of Science

Those who cannot remember the past are condemned to repeat it.

George Santayana Part 3: Toward a
Science of Science
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Shared Data Model

Workflow Design
(selecting Datasets, Algorithms and Parameters)
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Part 4: Science Maps in Action

If we ever get to the point of charting a whole city or a whole nation, we would have ...

a picture of a vast solar system of intangible structures, powerfully influencing conduct, as
gravitation does in space. Such an invisible structure underlies society and has its influence
in determining the conduct of society as a whole.

Jacob L. Moreno
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First Iteration of Exhibit
(2005): The Power of Maps

Four Early Maps of Our World

Versus

Six Early Maps of Science

‘The first exhibit iteration on The Power of Maps demonstrates how maps help
us to understand, navigate, and manage both physical places and abstract
knowledge spaces.

Early maps of our planet were certainly neither complete nor perfect, yet
they proved invaluable for explorers. As keys to navigation, exploration, and
communication, maps helped explorers find promising new lands while
avoiding sea monsters.

Maps of science today are based on limited knowledge and therefore imper-
fect. In order to generate comprehensive maps that are entirely accurate and

reliable, we must first have proper coverage and inte
multidisciplinary, and multimedia scholarly knowle

The first pictures of Earth from space were experi
mative of their perceptions of life and the cosmos. I
science will increase our appreciation and applicatio
serving as useful navigational tools.

The Power of Maps features four cartographic map
earliest global maps of our world by Ptolemy, an ear
Johannes Janssonius, an early map of the whole worl
early statistical graph by Charles Joseph Minard. Ea
employs a different metaphor: a node-link diagram;
ing map rendered using geographic information sysf
a crossmap; and a galaxy view. Which metaphor is 1
visual index of our collective science and technolog

Note that the makers of the early cartographic m4
ing presses, while the makers of the first maps of sci
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Second Iteration of Exhibit
(2006): The Power of

Reference Systems

Four Existing Reference Systems
Versus
Six Potential Reference Systems

This iteration aims to inspire discussion about a common reference system for all
existing scholarly knowledge. Throughout history, scientists have battled to agree
on standardized reference systems for their respective fields of research. These
standards are invaluable for indexing, storing, accessing, and managing scientific
data efficiently.

Results include the description of the electromag
odic table of elements, geographic projections, and
systems, shown here. Note that the geographic ma
from paper to geographic information systems (GI
for public use and consumption.

In comparison to these four existing systems are i
systems for scholarly knowledge. Each reference sy) RE/WENEREEEE
sional timeline and the geographic system to the sq
used to identify the location of an author, paper, pa
tory or contribution.
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Impact US Patent Hierarchy Prior Art
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Membrane or Process of Preparing
Previously Formed Solid lon-exchange Polymer Admixed With I
Polymer Characterized By Defined Size or Shape Other than Bea
Chemically Treated Solid Polymer
Solid Polymer Derived From Ethylenically Unsaturated Reacta |
Solid Polymer Derived From At Least One 1,2-epoxy Containir
_ Solid Polymer Derived From Aldehyde or Derivative
From Ethylenically Unsaturated Reactant Only
From Aldehyde or Derivative

Process of Treating Scrap or Waste Product |

Process of Treating Scrap or Waste Product Containing At Least
Treating Rubber (or Rubberlike Materials) or Polymer Derived
Treating Polymer Derived From A Monomer Containing Only (
Treating Polymer Derived From Hydrocarbon Monomers Only

Treating Polysiloxane

Treating Polyester
Treating With Alcohol

Treating Polyurethane, Polyurea (excluding Urea-formaldehyde
Treating With Alcohol or Amine

Treating Polycarbonamide

Cellular Products or Processes of Preparing /
Cellular Product Derived From Two or More Solid Polymers or Fr

- At Least One Polymer Is Derived From Reactant Containing Tw
At Least One Polymer Is Derived From An Aldehyde or Derivat
Y T P IR At Least One Polymer Is Derived From A -n=c=x Reactant Whe
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Sclence can be thought of and Themes are areas of current
research, while the tool sets and existing k
nwwmsmm m»mmmwmmm

lines connecting the circles. The map was created by recunsively clstering

B the 820,000 papers referenced most often in 2003, Clustering at each level
S was done using ¥xOrd, a force-directed graph layout routine. These
pagers formed 53,000 clusters, &,100 higher-level clusters, and finally

the 776 paradigms. Although each paradigm containa, on average,
1,000 papers, some are larger and some ane smaller, as shown by
different sized circles on the map.

The ring-tike structure that is formed by sclentific paradigms.
s very robust. We lind similar structures for different years,
and for maps generabed from scientific journals. “The
Structure of Science”, a galay map shawn In the first

{veration of Places & Spaces, {3 & map based on clustering

of scientific journals, with superimpesition of papers

on the journal structure, whereas this map was gene-

€ rated directly from highly-cited papers. =The Structure

of Schence™ thows current sckence In a disciplinary

context, while this map can show the breadth of
that to single

Because of the robust nature of the structure of
science and its paradigms, we have placed our
776 scientific paradigms within a reference sys-
tem containing 12 radial slices and & rings. This
allows the position of each paradigm to be codified
and available for lookup; for instance Fluid
Mechanics paradigms are In grid B3.

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
i Bl about major are
constantly being improved, but it usually takes years

to reach consenss about which improvements are

major. The whi represent. where
‘consensus is reached relatively slowly, This is a common
phenomenon in the socisl sciences, ecological sciences,
computer sciences, ammmﬂamphna The

red circles where
mbmmmmmum

«comman in physics, chemistry, biochemistry, and many medical
disciplines, Yery dark circles {such as thowe in Astrophysics, L5-6)
represent where ts reached ly quickty.

. ‘E The map of sclentific paradigms and its reference system can be
. wsed for multiple purposes. Countries, industries, companies, universities,
and Indlvidual researchers can Ml locate themselves within the map, elther

&3 tingle points, or at A spicific collection of paradigma. Various metrics, twch at
vitality, can be overlayed on this reference system to highlight specific impacts.
education and personal discovery can also be enhanced by linking stories and

- facts ta the map that highlight scientific histary, cusrent advances and relationships

" " between sclentific parsdigms.

Kevin W. Boyack jemed
SciTach Struiegies, Iac. in 2007
alies working ai Sandia Nasional
Labomicrics, whers he spesi
sevemal yar in e Compustion,

Map of Scientific Paradigms

By Kevin W. Boyack and Richard Klavans
ALBUQUERQUE, NEW MEXICO, AND BERW YN,

PENNSYLVANLA. 2006 Computzm, Infarmation sl
Camrtesy of Kevin W, Boyack and Richard Klavars, 8:7Tech Strategies, Inc. / Macharmmtis Coner. He hokls
i - ; a DD in chemical enginessing

e Birigiaes Youung Uniwersity.
i cx=rest interests w=d work zr relabed o infmiio:
vinualization, kncwledge dommisa, science mapping with
mwacinted merios sl mdicates, nevwurk b, and the
trgretion ard analpi of mmlipk dais trpes

Aim

Science can be thoughs of 3s containing themes and paradipms; themes am
current areas of research, while comprise the dominznt tool sets
and existing knowledge that are used by current researchers. What would

a paradigm map of sclence look Ilke? How many paradigms are currently
active? How large and how vital are they?

Interpretation

This map was generated by recursively clustering the £20,000 most Impor-

tant papers referenced 1n 2003 using the processing pipeline described on
12, Toward a Reference System for Sclence. The result Is a map of

TTh ]'umdlgm: whirh are shmwn 3z circles nn the map Althangh each » -

Richard Klavans ik
presidem of SeiTech Sruisgics,
Iz, Hi ol PhD i g -
ment fram the Wharsen S<basl
of the Liniversity of Peansybraria.
s cosrent woek i rebated b
the generation ol ighly acurse
map of aciencs using multiple

contains an ufl,(HJD the in slzes, 25
siwwn,gg;the variously wﬂﬁmm gmﬁ dominant rela-
tonships between ps:ad!gnu wese also calculzted and are shown as lines
between paradigms. A reference system was added for means of navigation
and communication.

Color-coding tndicates the vitzlity of 2 research topic—the darker the
red, the younger the average reference age and the more vital and faster
moving the topic. The white circles represent paradigms where consen-
sus 1 reached relatively siowly. This 15 a common phenomenon in the
soctal sclences, ecological sclences, coMmputer sclences, and mathemat-
tcs disciplines. The red circles represent communities of researchers where
consensue 15 reached relattvedy rapidly. This 1s more common in physics,
chemustry, biochemistry, and many medscal disciplines. Very dark circles
{such as those In quantum physics) represent communities where consensus
15 reached most quickty.

Countries, Industries, companies, and individuzl researchers can all
Incate themselves within the map, elther as single polnts or as a spectfic
collection of 5. Sclence education and di can alsa be
enhanced hv]]:ﬁ;rl;l_ldlngg?u the map storles and facts tm@ughl content
and relationships between sclentific paradigms.

sxchniques, sich = WhiEagrapiic
coepling, mcitation, amd coword, s well = the ameced
cizics and isdiceors fat allow goverrsent and indury
users s ke e effecsive pcy desisoms, He i infereed.
= memantins, angeereed cognitios, and the gpplicios of
satbematical tnols b iSrmation g,
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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 depletion, and epidemic forecast maps with maps forecasting
the structure and evolution of science.

Real-time weather forecasts are served by the National Oceanic and
Atmospheric Administration (NOAA) or the National Aeronautics and
Space Administration (NASA). Computational madels of the mavemen
tectonic plates help reduce losses due to earthqua
tsunamis. Epidemic models make us understand
and how actions far away affect us right here. Ec
catastrophic and sustainable futures for mankind;

Daily science and technology forecasts would s
of top experts/institutions/countries, major activi
frontiers, augmenting our knowledge and decisio
available on TV, in the press, and online?

I oF Samce
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Geographical »

Epidemic spreading paltern
chonged dramatically ofter the
development of modern
transportafion systems.

* Forecasts of THE Next Pandemic Influenza *

Thes contral map represents the cumulative The US maps Focus on the siluation in the
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INSTITUTE FOR THE FUTURE

Science & Technology Outlook: 2005-2055
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Forecasting Large Trends in Science

MAPS OF SCIENCE

(Chemistry

Medical
Diseases Specialties

£

Areas of science are tube shaped.

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

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

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




Aggregate Uhits

Research Specitties (tubes)

Additional Elements
of the Exhibit

Certainly science maps

and data graphs work to engage viewers intellectually—

but can they also capture the imagination, as did the early maps of the world? Is
it possible to involve viewers in a more dynamic way that heightens both their
awareness and appreciation of data, information, and knowledge? What can be

learned from theater, m
improve the ability of
being true to facts, an
ers to engage in scienc
Additional exhibit ef
and interact with scie
exceptional high data {
and a map of today’s s
drives a touch panel d
the touch panel displa
on any given topic are
given geographic locat]
The Hands-On Scier
stand science from abd
color drawings. Child
placing images of majq
appropriate places on {
of various countries fo
patents. Shape of Scie
The Video of the Exhi
Public Library (NYP
NYPL officials, who d

ovies, and art exhibits—as well as science displays—to
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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?

» What impact have scientists?

Contributions:

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

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

Interactive touch panel.

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 materi 2

an increasing amount of nanote:
nology is being applied in the
logical and medical sciences, at the
lower right.

Nanotechnology




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

Scfence an the tiny
scale of molécules

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
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There are seven main fields of
science. They are...

z

social science, mathematics, physics,
chemistry, earth science, medicine,
and psychology. I like to study earth
science.

Color earth science green.

For more infoemarion ciour The map
crise, ploase contuct Katy Bormer

These maericls were compiled by Mikki Rokery in 2006,

Activities:
Solve the puzzle.
Navig
Identify n

te to ‘Earth Science’.

r inventions.

Place major inventors.

Find your dream job on the map.
Why is mathematics important?

Earth scientists study the weather,
plants and trees, marine life, insects,
and much more.

% Marine Biolagy
Metearslagy

Botany Earth Science

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

Color in the insect.

There are many types of insects in
the world. Bees, butterflies, and
beetles are just a few.

I want to be an entomologist when L
grow up. Then T can study insects
all the time.




Part 5: The Future
ot Science Maps

The inspiration of a noble cause involving human interests wide and far, enables men to do
things they did not dream themselves capable of before, and which they were not capable of alone.
The consciousness of belonging, vitally, to something beyond individuality; of being part of a
personality that reaches we know not where, in space and time, greatens the heart to the limit
of the souls ideal, and builds out the supreme of character.

Joshua L. Chamberlain
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Part 5: The Future
of Science Maps

198 Science Maps as Visual Interfaces
to Scholarly Knowledge

200 Mapping Intellectual Landscapes
for Economic Decision-Making

202 Science of Science Policy Maps
for Government Agencies

204 Professional Knowledge
Management Tools for Scholars

206 Science Maps for Kids
208 Daily Science Forecasts

210 Growing a “Global Brain
and Heart”
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Mapping Science Exhibit — 10 Iterations in 10 years

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

-

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 72 venues on four continents. Curtrently at

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

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

- Cultural Dimensions of Innovation, UCD Conference, Dublin, Ireland

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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Part 5: The Future
of Science Maps

198 Science Maps as Visual Interfaces
to Scholarly Knowledge

200 Mapping Intellectual Landscapes
for Economic Decision-Making

202 Science of Science Policy Maps
for Government Agencies

204 Professional Knowledge
Management Tools for Scholars

206 Science Maps for Kids
208 Daily Science Forecasts |

210 Growing a “Global Brain
and Heart”
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CLICKSTREAM MaP
OF SCIENCE

Bollen, Johan, Herbert Van de Sompel, Aric Hagberg, Luis M.A. Bettencourt, Ryan Chute, Marko A. Rodriqu
Lyudmila Balakireva. 2008. A Clickstream Map of Science.

Interactive Maps of Science — Philanthropy

Zoom To Grantmaker Map = create/Edit  [KEGEUIREN] Edit

View State Data: | Select a state... | | Standard I Terrain Satellite

U.S. Map World Map

- BNt 8

Geographic Display: Stats
Grant Indicator: None
Thematic Indicator: None
Grant Years: 2009, 2008, 2007
Grantmaker Filters: None

PrintiSave Map
Copy Map

Gulf of
Mexico

FOWERED BY

Gougle




Living Science: Where Science is Happening

- Search by Submitting author Search for a city/country Search by keyword (Title and Abstract)
| [ [

Some interesting links
About LivingScience
1

Aggregated Collapse All | Expand Al

= rerE - n =1 e

Map | Satellite Hybrid Er e
_— ol i
Fimana " Mathematics

o Paper 3V
O city 5"‘ . Poccun Bl
y Norge 4 ™ Nonlinear

& ] Jiiarne Russia
Country . % ~ Sciences
From: Canada Kingdom Poiska; 1 . i
oavar
01/05/2010 .‘““"”“;E?wﬁm ; o i Q V¥ computer
E B Lieraine. :aznknslan ; b olla Science
To: - ¢ ) ] f-
0112/2010 unif¥ Eopans Turkiye = 0 quar
Deey Biology
& k L: IFag-,  fran: Afghanistan 3
Today - (7 Mserel v rmn | [ Quantitative
— £ # Finance

& arXiv categories

Last 7 day| : Maurtanta | oy T iger

' Chad T
Last 30 dg Sudaty 0 T statistics

Nigeria Ethic

Venezuela
Colombila
/

.. T e —,—,—,—,—, £ Keny|

PriConas, Atiantic
Tanzar Ocean
Bra

Update View Zerok Angola k Africa
Bollvia

Namibia o] e ———
Botswana Sou

America

South
Atlantic
Oceans.

NFOWERED BT Chile

How to use LivingScience:

= Choose a number of categories from the arxiv classification on the right

* Choose a time window

= Choose an aggregation level

= Zoom the map to greater detail

= Click on the icons on the map for further information

+_Each time you select a new time window, click "Update View" to let the changes take effect

Notice: No warranty or liability for this service. By using it, users accept responsibility for their actions and implications that they may have. Comments snd suggestions sre most

Interactive World and Science Map of S&T ]
Angela Zoss, Michael Connover, Katy Birner (2010)

Visualization of Job Postings

gl

Visualization of Job Postings

Postdoc at Harvard Medical School

Map of Science] [ Geographic]
Link to Post

Visualization of Job Postings

Manitoba

Map of Science | [Geographic] Map of Science

Baskatchewan

Seientific domains are highly
interconnected. The boundaries betwesn
different domains are often fuzzy. One
Wingipeg way of thinking abaut the relationships
between domains is to conceptualize all
9 P scientific domains as existing within a
jorth Math and Pr@g o - -Chemistry large network of research.

Dakota s >
- Creating a network of scentific research

can be accomplished by looking at
scientific journals and their articles, The
UCSD Map of Selence used here is the
s " product of a large study by researchers at
o Englnssiing and Computer Sclencs - the University of California San Diego
Neiraska 590! B . » - using 7.2 million papers and over 16,000
wer Lincaln" Kani ¥ Bltschneiagy Brain Research separate journals, proceedings, and
Coﬁdﬂ . - < L5 serleihfmfm Thomson SCAEPtlf\CSSDdlStconus
aisas » . over the five year period from 0
Wiehiiao Ciiemical, echenicel, end Civll Enginesiing . . Infectious Diseases @ oossnoss 2005, The researchers used citations
iluka 4 between the papers and journals to
mquﬂ'{fﬁ Okighgma e . cluster journals into small groups of
7 highly related journals

’ : \!

Lot Fisdice] Spaclies

Dakota 1! y

Eearch for Jobs

Wesico Oalss ;
L] - Those clusters are represented by 554
oo ot n — individual nodes in the network, The links
soale San Puasiies between the clusters show that some
o Mg e clusters are related to other custers but
are nat as tightly connected as the
Search for Jobs journals that make up each cluster. Then
the clusters are labeled bath by the
content area shared by the journals in the
cluster and by the averarching scientific
""":;“f'k_ domain for that cluster (represented by
8 Comyright © 2008 The Regents of the Universty of California - Terms of Use| | @N8 of 13 colars),

Maps of science like this one can be used
Search for Jobs | Biotechnology El to understand many different data sets

Search and how they can be represented by
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References & Credits

This section lists 1,650 citation references, more than 580 image credits, 80 data
credits, and 60 software credits. More than 150 scholars provided input on the
material presented in the atlas, and their contributions are acknowledged here.

As some spreads have up to 80 references and adding 80 parenthetical refer-
ences or four-digit numbers to the page layout would considerably hurt readabil-
ity, the references and credits are not given in the text. Instead, they are listed
here by section. References and credits are ordered alphabetically except for those
for Part 2/ Timeline, which are ordered chronologically.

The Web site for the atlas (http://scimaps.org) supports pinpoint citations
(that is, references and credits are associated with the specific text they support).
In addition, the site will make available EndNote and bibtex files containing all
the references.
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Part 4: Science Maps in Action

Feferences
Mloreno, Jacob L. 1933 “Emotions Mapped by New Geography.” Aew Fork Fimes, April 3. [Quotation]

Dyte Credits

Geience Citation Index (SCT), Social Sciences Citation Indes (S5CT), and Arts & Humanities Indesx
(A&HI) by Thotnzon Reuters, 2001-2004; Scopus Database, 2001-2005.

All world and science map overlays for each of the 30 maps: 2002 Bage Map, see Boyack et al. 2009
Science location of map significance by Elisha F. Hardy (design), Katy Barner (concept)

World Map by Fussell . Duhon, ovetlay of geographical influence and significance by Elisha F. Hardy
(design), Katy Borner (concept).

Image Credits

Erxtracted from: Slaupin, Andre. 2005, Jn Tevms of Geography. New Orleans, LA In Katy Borner &

Deborah MacPherson (eds.), First Iteration (2005 The Power of Maps, Flaces & Spares: Mapping
Seience. httpo/fscimaps org (accessed Dlay 4, 2009)
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Atlas of Science

Katy Borner
Puhlished by IIT Press
Pre-order wia Atnazon, Barnes & Mobles, or IWIT Press.

$29.95T/£22.95 cloth
13= 11, 288 pp.
500 color illus.

075-0-262-01445-8 Drownload brochure

with full size sample pages
Cartographic maps hawe guided our explorations for centuries, allowing us to navigate the world, Science
maps have the potential to guide our search for knowledge in the same way, allowing us to visualize
scientific results. Science maps help us navigate, understand, and cormrmunicate the dynamic and
changing structure of science and technology—help us tnake sense of the avalanche of data generated by
scientific research today. Atlas of Science, featuring more than thirty full-page science maps, fifty data
charts, 2 tirneline of science-mapping milestones, and 500 color images, serves as a sutnptuous visual
index to the evolution of modern science and as an introduction to "the science of science"—charting the
trajectory from scientific concept to published results.

Atlas of Science, based on the popular exhibit, "Places & Spaces: Mapping Science," describes and
displays successful mapping technigues. The heart of the book is a wisual feast: Claudiug Ptolemy's
Cosmographia World Map from 1482, a guide to a PhD thesis that resembles a subway map; "the
structure of science” as revealed in a map of citation relationships in papers published in 2002; a wisual
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