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Cosmographia World Map - Claudius Ptolemy - 1482
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A Network Representation of the 43 Fourth Level Clusters Based on Data from the 1996 Science Citation Index - Henry Small - 1999
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Timeline of 60 Years of Anthrax Research Literature - Steven Morris - 2005
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The Social Sciences are the smallest and
most diffuse of all the sciences

serves as the link between Medical Sciences
(Psychiatry) and the Social Sciences.

serves as the link with Computer Science
and Mathematics

Psychiatry - Neuroscience

Radiology

General
Medicine

R e .Oncology
Medical Treattnents 7.

- Immunology

The Medical Sciences include broad therapeutic
sludies and largeled areas of Treatment (e.g. cenlral
nervous system, cardiology, gastroenterology, etc.)
Unlike Physics and Chemistry, the medical disciplines
are more spread out, suggesting a more multi-
disciplinary approach to research. The transition into
Life Sciences (via Animal Science and Biochemistry)
is gradual

ure of Science

is our starting point, the purest of all sciences. It lies al the outer edge of the map.
and are applied sciences that draw upon

knowledge in Mathematics and Physics. These three disciplines provide a good example of a
linear progression from one pure science (Mathematics) to another (Physics) through multiple
disciplines. Although applied, these disciplines are highly concentrated with distinct bands of
research communilies that link them. Bands indicate interdisciplinary research

Research is highly concentrated in and

These disciplines have few, but very
distinct, bands of research communities that link
them. The thickness of these bands indicates an
extensive amount of interdisciplinary research,
which suggests that the boundaries between
Physics and Chemistry are not as dislinct as one
might assume:

The Life Sciences, including and
are less concentrated than
Chemisltry or Physics. Bands of linking
research can be seen between the larger
areas in the Life Sciences; for instance
between Biclogy and and
between Biology and
Biochemistry is very interesting in that it
is a large discipline that has visible links
to disciplines in many areas of the map,
including Biology, Chemistry, Neuroscience,
and General Medicine. It is perhaps the
most interdisciplinary of the sciences

Infectious Disease

We are all familiar with traditional maps that show the relationships between countries, provinces,
nd cities. Similar relationships exist between the various disciplines and research topics in
This allows us to map the structure of science.

One of the first maps of science was developed at the Institute for Scientific Information over 30
Itidentified 41 areas of science from the on patte 7 cie papers.
That early map was intriguing, but it didn’t cover enough of science to accurately define its structure.

Things are different today. We have enormous computing power and advanced visualization

software that make mapping of the structure of science possible. This galaxy-like map of science

(left) was generated at Sandia National Laboratories using an advanced graph layout routine (VxOrd)
from the citation patterns in 800,000 scientific papers published in 2002. Each dot in the galaxy
represents one of the 96,000 research communities active in science in 2002. A research community

is a group of papers (9 on average) that are written on the same research topic in a given year. Over
time, communities can be born, continue, split, merge, or die.

The map of science can be used as a tool for science strategy. This is the terrain in which
ations and institutions locate their scientific capabilities. Additional information about the
c and econo
areas to explore, exploit, abandon, or ignore.

mpact of each research community allows policy makers to decide which

We also envision the map as an educational tool. For children, the theoretical relationship between
areas of science can be replaced with a concrete map showing how math, physics, chemistry, biology
and social studies interact. For advanced students, arcas of interest can be located and neighboring
areas can be explored.

Most research communities in
nanotechnology are concentrated in
and
However, many disciplines
in the Life and Medical Sciences also
have nanotechnology applications.

Proteomics

Research communities in proteomics

are centered in y. In addition,
there is a heavy focus in the tools section
of CHEH'NHU'\], such as

The balance of the proteomics
communities are widely dispersed among
the Life and Medical Sciences.

cogenomics

Pharmacogenomics is a relatively new
field with most of its activity in Medicine.
It also has many communities in

and two communities in
the Social Sciences.
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extraordinaire

David Rumsey
Edith M. Punt

Cartographica Extraordinaire: The Historical Map Transformed - David Rumsey, Edith M. Punt - 2004
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The Big Dipper floats high in the northe_ust these early spring |
evenings, while Orion sinks low in the Southwest. These arejust o'

few of the celestial sights Qnu can find on any clearsevening in .&pril

using a sky map like the one shown here. * -
. .

« April5-6 April 12-14
Shortly after dark | Around 10 p.m.

Castor

Pollux

Saturn

yse3 bupey
Facing West

Moon
Apr 14

alib @
-
Jupiter

4 Procyon
.

Looking very high toward SW

Check the dotes and times at right. Take your map out under the night sky around the
right time, ond bring along a flashlight to read it by. It helps to attach a piece of red
paper over the front or to use o flashlight with red LEDs; the dim red light wan't spoil

your night vision.

Outside, you need to know which direction you're facing. (If you're unsure, just note
where the Sun sets; that's west.) Whichever woy you're facing, make sure the
corresponding yellow label along the curved edge of the mop is ot the bottom, right-

Early April: 10 pm (daylight-saving time)
« Late April: Dusk

side up. =g L , 3 .
This curved edge represents the horizon. The stors above it on the mop motch the
stars in front of you. The farther up from the mop’s edge they appear, the higher they'll
be in the sky.
The center of the map is the zenith (straight overhead). So a star halfway from the
edge of the map to the center will appear holfway from straight oheod to stroight up. A couple of tips: Look for the brightest stars and constellotions first; light pollution or
Ignore all the parts of the mop obove horizons you're not facing. moonlight may wash out the fainter ones. And remember thot stor patterns in the sky
will look a lot bigger than they do here on paper.

Let’s give it o try! Pretend you're focing the southwest horizon (labeled “Facing SW”). With o map Iike this, you can identify celestiol sights ol over the sky. Go out the next
1

Just a little woy up (thot is, o little woy in from the edge of the map) is Sirius, the clear night ond make some starry friends! * o

brightest star in the night sky, in the constellotion Canis Mojor. Farther up, nearly

. . ;
halfway overhead, is the star Procyon in Canis Minor. Still farther up is the ringed You can customize o night-sky map for any time and ploce at SkyandTelescope.com.
plonet Saturn. Go out ot the right time, foce southwest, ond ook up into the sky —
there they are!
. 1 ®

& TELESCOPE

Sky Chart of New York City in April 2006 - Roger W. Sinnott, Interactive Factory - 2006
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Wivting the S Jct
/%//yf e Az‘wy/ ceence
In their 1964 paper, Eugene Garfield and his colleagues try to answer the question: Can a computer write the history of science?

To answer this question, they selected a recent scientific breakthrough — the discovery of a structure for DNA suggesting a
mechanism for its self-duplication = published by Watson & Crick in 1953.

They use Isaac Asimov’s book The Genetic Code to identify forty milestone works that lead to the discovery as well as their
interlinkages. In addition, they identify the citation linkages among those forty papers using the 196/ Science Citation Index.

The detailed comparison of both networks d a high degree of between Asimov's account of events and
the citation dat, see also . “vviia/rar chare They conclude that the use of citation data to write the history of science might
provide a new modus operandi for the study of the history of science, research administration. and the sociology of science.

Today, their HistCite'" tool generates interactive citation graphs automatically, see chart.
LINK COLOR (/- 2
Historical Links (Identified by Isaac Asimov) e //// (/( ‘/
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Even the most revolutionary of scienti

coveries owes a great debt to
what has gone before. and the discovery of the DNA double helix is no
exception

This chart shows major lines of scientific enguiry that contributed to Watson and

Crick's insight|in 1953. On the top is the line of research on the chemical analysis of
proteins. Fischer was one of the great German biochemists who analyzed the basic

components of protein no acids. Martin and Synge developed techniques th
by Chargaff in his analyses of DNA. The sequence of amino acids in proteins was worked
d Sanger, but the impact of his work on the field of molec
helix. The ¢

were used
t by
genetics came after the double

ntral line is that of genetics, beginning with Mendel, and the central citation on this line

s that of Avery, Macleod and McCarty whose work established that DNA was the hereditary
substance. Not shown is work by T. H. Morgan who won the Nobel Prize in 1933, Also missing is
the Phage Graup, founded by Max Delbruck and Salvador Luria who sought to explore the mysteries
of the gene with the intellectual rigor employed by the physicists. The bottom line captures the
earliest studies of the chemical nature of DNA and RNA, fr
and Kossel, through the speculations of Phoebus Levene to Ernst Chargaff

m the fundamental analyses of Miescher

Mot visible are the social interactions of scientists. Rosalind Franklin's interactions with Maurice

Wilkins, Chargaff's disdain for Watson and Crick,and the rivalry between Watson and Crick and
Linus Pauling, il contributed to the discqvery in ways that papers and their interlinkages simply
cannot reveal

1947 A Mirsey & L Goodm

1947 £ Ourgal

1947 ) Moo

1948 A Mesky & PC. Koler 1950 R Fraride

HistCite™ Visualization of DNA Development - Eugene Garfield, Elisha Hardy, Katy Borner, Ludmila Pollock, Jan Witkowski- 2006
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History Flow Visualization of the Wikipedia Entry on Evolution - Martin Wattenberg, Fernanda Viegas - 2006



Impact

The United States Patent and Trademark Office does scientists and
industry a great service by granting p
that groups patents by indus-

‘try or use, proximate function, effect or product, and structure. At the
time of this writing there are 160,523 categories in a hierarchy that goes
15 levels deep. We display the first three levels (13,529 categories) at
right in what might b i | map of inventi

Pate are be uni d bvio ™
by revealing any previous patents that might be similar in nature or
provide a found: for th In this way we can trace
the impact of a single patent, seeing how many patents and categories
Itaffects.

The patent on Goretex—a lightweight, durable synthetic fiber—is an
‘example of one that has had significant impact. The box below enlarges
the section of the hierarchy where it s filed, and the red lines (arranged
to start along a time line from 1981 to 2006) point to the 130 categories
that contain 182 patents, fr clathing ical i
implants, that mention Goretex as “prior art

Prior Art

New patents often build on from Y

Here, blue lines orig the sixteen that p

cited as prior art for a patent on “gold nanoshells” Gold nanoshells are a
new y gold sp! (with a di ten million times smaller
than a human hair) that can be used to make tumors more visible in infra-
red y hely pl ission of tumors in
tests with laboratory mice. The blue lines show that widely separated

for this invention.

part of
any taxonomy, including the patent hierarchy. Categories are easier to.
search, they
fit the definition of th gory. The box y bar charts, part
of a Taxonomy Validator that reveals whether elements fit their cat
may need to be redefined, and sometimes need to be split
when they gel que or I blem shared by many
y in this inf ich y. But how can we tell which ones to
eliminate, add of revise—or how to revise them—in the complex, abstract
we partition |

as sim) P ies ina
category relate to that category. Here, each bar encodes a “distance to
S g

patent”for that category, A measure like this can be based on statistics,
computational linguistics, or even human insight. Thus a category with

mostly g and a g y ragg needs scrutiny
or reorganization; but one that has only two or three tall bars may mean
that only those few elements don't belong.

Even simple visuals can make thinking easier by providing better distilled

data to the eye: vastly more data than working memory can hold as words.

They focus people on exactly the right issues, and support them with the
nsive overviews they need to make more informed judgements.

Taxonomy Visualization of Patent Data - Katy Borner, Elisha Hardy, Bruce Herr, Todd Holloway, Bradford Paley - 2006



TexArc Visualization of “The History of Science” - W. Bradford Paley - 2006




Science can be thought of as containing themes and paradigms. Themes are areas of current
research, while paradigms comprise the dominant tool sets and existing knowledge that
are used by today’s researchers. This map shows 776 major paradigms in science

along with the dominant relationships between these paradigms. Paradigms are

shown as circles; strong relationships between paradigms are indicated by the

lines connecting the circles. The map was created by recursively clustering

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

was done using VxOrd, a force-directed graph layout routine. These

= papers formed 53,000 clusters, 6,100 higher-level clusters, and finally

7 ey r <
5 7 '} L) { e, @ 1 the 776 paradigms. Although each paradigm contains, on average,
( = \ \ > 1,000 papers, some are larger and some are smaller, as shown by
A% o I ‘ A A . different sized circles on the map.

4 J— The ring-like structure that is formed by scientific paradigms
is very robust. We find similar structures for different years,
and for maps generated from scientific journals. “The

Structure of Science”, a galaxy map shown in the first

74 ol

)
= [ Mathematlg§ {

¥ 4

O
(% Electrical )

— e ".,3 ® A iteration of Places & Spaces, is a map based on clustering
o 2 neering - : ol i ; =
e, S egye T - Fluid - of scientific journals, with superimposition of papers
. SCIernce el T . —~ Méchinits‘ == ) on the journal structure, whereas this map was gene-
J £ \W' 7z \'.\: )/ » T s g rated directly from highly-cited papers. “The Structure
a9 . ; 2 b’ of Science” shows current science in a disciplinary

=7 % L4 S
(1 Business /

context, while this map can show the breadth of
disciplines that contribute to single paradigms.

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 6 rings. This

W ; allows the position of each paradigm to be codified

‘ & d available for lookup; for i Fluid
Ecolagy L\ b istices } and available for lookup; for lnst?nce i
TN = ; 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

1B consensus about major improvements. Paradigms are
constantly being improved, but it usually takes years

to reach consensus about which improvements are

Circle size = Paradigm size major. The white circles represent communities where
o consensus is reached relatively slowly. This is a common

Vitality Scale phenomenon in the social sciences, ecological sciences,
Average or less computer sciences, and mathematics disciplines. The

® !'“Qh 4 red circles represent communities of researchers where
@ Very high consensus is reached relatively rapidly. This is more

commeon in physics, chemistry, biochemistry, and many medical
disciplines. Very dark circles (such as those in Astrophysics, L5-6)
represent communities where consensus is reached extremely quickly.

E The map of scientific paradigms and its reference system can be
used for multiple purposes. Countries, industries, companies, universities,

and individual researchers can all locate themselves within the map, either

as single points, or as a specific collection of paradigms. Various metrics, such as
vitality, can be overlayed on this reference system to highlight specific impacts.
Science 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 paradigms.

G - F

Map of Scientific Paradigms - Kevin W. Boyack, Richard Klavans - 2006



Zones of Invention: Patterns of Patents - Ingo Gunther - 2006



Exhibit Venues
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[01st Annual Meeting of the Association of American Geographers, Denver, CO.
April 5th - 9th, 2005 (First showing of Places & Spaces)

ESRI International User Conference, San Diego Convention Center in San Diego, CA.
July 25th - 29th, 2005

New York Hall of Science, Queens, NY Science, Industry and Business Branch of The New York Public Library, New York City
December 9th, 2006 - February 25th, 2007 April 3rd - August 30th, 2006
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Prabable Ground Acceleration

Tectonic Plate Boundaries

D Cities
Countries
Plate Name

Tectonic Movements and Earthquake Hazard Predictions - Martin W. Hamburger, Lou Estey, Chuck Meertens, Elisha Hardy - 2005



The Oil Age

World Qil Production 1859 - 2050
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Impact of Air Travel on Global Spread of Infectious Diseases - Vittoria Colizza, Alessandro Vespignani - 2007

Forecasts are obtained with
a stochasfic computational
model which explicitly
incorporates data on
worldwide air travel and
detailed census data to
simulate the global spread of
an influenza pandemic.

The modeling approach
considers infection dynamics
(i.e., virus transmission,
onset of symptoms,
infectiousness, recovery, efc.)
among individuals living in
urban areas around the
world, and assumes that
individuals are allowed to
travel fom one ity to
ancther by means of the
airline transportation
network.

Numerical simulations
provide results for the
femporal and geographic
evolution of the pandemic
influenza in 3,100 urban
areas located in 220
different countries. The
model allows o study
different spreading
scenarios, characterized
by different inifial outbreak
conditions, both
geographical and seasonal.

Epidemic spreading pattern
changed dramatically after the
development of modern
transportation systems.

The SARS outbreak on the other hand was
characterized by a patched and heterogeneous
spatictemporal pattern mainly due to the air
transportation network identified as the major channel
of epidemic diffusion and ability to connect far apart
regions in @ short lime period. The SARS maps are
btained with a data-driven stochastic computational

In pre-industrial fimes disease spread was mainly a
spatial diffusion phenomenon, During the spread of
Black Death in the 14th century Europe, only few
traveling means were available and typical trips
were limited to relotively short distances on the time
scale of one day. Historical studies confirm that the
disease diffused smoothly generating an epidemic
front traveling as a confinuous wave through the
continent at an approximate velocity of 200-400
miles per year.

The central map represents the cumulative
number of cases in the world after the first
year from the start of a pandemic

influenza with Ro=1.9 originating in

Hanoi (Vietnam) in the Spring. L

WORLD
# cases

USA

fcases

model aimed at the study of the SARS epidemic pattern
and analysis of the accuracy of the model’s predictions.
Simulation results describe a spafiotemporal evolution
of the disease (color coded countries) in agreement with
the historical data. Anclysis on the robustness of the
model’s forecasts leads to the emergence and
id of ep hways as the most

routes of propag of the disease. Only
fow preferential :hunnnls are selected (arrows; width
indicates the probability of propagation along that
path) out of the huge number of possible paths the
infection could take by following the complex nature of
airline connections (light grey, source: IATA).

i,

21st Century: SARS

* Forecasts of THE Next Pandemic Influenza ®

10¢ | The US maps focus on the situation in the

changes in the original scenario

for the sake of visualization.
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Time evolution of a pandemic starting in Hanoi - by’
(Vietnam) in the Fall in the no intervention scenario.
Profiles of the fraction of infectious individuals in fime
(prevalence) are shown for some representative
countries (left) and cifies [right). Two different values
of the reproductive number are considered: Ro=1.5, l:
consistently with the values shown for the US map

(top right), and Ro=2.3, in order to provide the
comparison with faster spreading.
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analyzed. Different color coding is used

US after one year, and show the effect of
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The model inlcudes the
worldwide air transportation
network (source: IATA)
composed of 3,100 airports
in 220 countries and
E=17,182 direct connections,
each of them associated to
the corresponding

nger flow. This dataset
accounts for 99% of the
worldwide traffic and is
complemented by the census
dota of each large
metropolitan area served by
the corresponding airport.

Addifional spreading
scenarios can be obtained
by modeling different levels
of infectiousness of the virus,
as expressed in terms of the
reproductive number Ro,
represemmg the  overage
number of i

————eReproductive

Number (Ro)

generated by a sick person
in a fully susceptible
population.

Intervention strategies
modeling the use of antiviral
drugs can be considered
Two scenarios are
compared:

an uncooperative strategy in
which countries only use
their own stockpiles, and o
cooperative intervention
which envisions a limited
worldwide sharing of the

resources.

*|ntervention
UNCOOPERATIVE
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A map is a tool for navigating an unknown terrain. In
the case of this map, Science & Technology Outlook:
2005-2055, the terrain we're navigating is the un-
charted territory of science and technology [S&T] in
the next 50 years. However, the map of the future is not
a tool for prediction or, for that matter, the product of

ions. Nor is it to modern {
techniques in which we rely on a shrinking number of
strong signals, like GPS coordinates, to show the right
jpath. Rather, it’s more akin to classical low-tech
navigational lechniques with their reliance on an array.
of weak signals such as wind direction, the look and
feel of the water, and the shape of cloud formations.
Taken together, these signals often prove more use-
ful for navigation than high-tech methods because, in
addition to aiding travelers in selecting the “right” path,
the signals contextualize information and reveal inter-

ies and between i

lated ts, thi ichi

g our 4

of the landscape. That's precisely the intention of this

'map of the future of S&T—to give the reader a deeper
ina of th and to
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MAP THEMES will result in an array of methods to dramatically alter, enhance, and Humans will become much more saphisticated in their ability to RIS TP TEET L PTATE

After 20 years of basic research and development at the 100-

jpoint to the intri and i d between
trends.
While developing the map, the Institute for the
Future [IFTF] team listened for and connected a
variety of weak signals, including those generaled
during i and ions in-
volving more than 100 eminent UK. and U.S. experts
in S&T—academicians, policymakers, journalists,
and corporate researchers. The IFTF team also com-
piled a database of outlooks on developments that
are likely to impact the full range of S&T disciplines
and practice areas over the next 50 years. We also
relied on IFTF’s 40 years of experience in forecasting
S&T developments to create the map and an accom-
panying set of S&T Perspectives that discuss issues
emerging on the S&T horizon and are important for
izath i and society-at-large to

understand.

On this map, six themes are woven logether across
the 50-year horizon, often resulting in important
breakthroughs. These are supported by key tech-
nolgies, innovations, and discoveries. In addition to
the six themes, three meta-themes—democratized
i " il

i and
overlay the future S&T landscape influencing how we
think about, learn about, and practice science. Finally,
S&T trends won't operate in a vacuum. Wider social,
demographic, pelitical, economic, and environmen-
tal trends will both influence S&T trends and will be
influenced by them. Some of these wider trends sur-
round the map to remind us of the larger picture.

scale, the importance of nanotechnology as a source
of and new ities in ev g from materials
science to medicine is already well-understood. Three trends,
however, will define how nanotechnelogy will unfold, and what
impacts it will have. First, nanotechnology is not a single field
with a coherent intellectual program; it's an opportunistic hybrid,
shaped by a ination of fund, | research i
promising technical applications, and venture and state capital
Second, nanotechnology is moving away from the original vision of

extend the mental and physical hand that nature has dealt us. Wield-
ing these tools on ocurselves, humans will begin to define a variety

of different "transhumanist” paths—that is, ways of being and living
that extend beyond whal we loday consider natural for our species.
In the very long term, following these paths could someday lead to an
evolutionary leap for humanity.

Mathematical World

The ability to process, late, and pat-

understand, create, and manage sensory information and ability
to perform such tasks will become keys to success.

Lightweight Infrastructu

A confluence of new materials and distributed intelligence is
pointing the way toward a new kind of infrastructure that will
dramatically reshape the economics of moving people, goods,
energy, and information. From the molecular level to the macro-

terns in enormous amounts of data will allow decoding of previ-
ously mysterious processes in everything from biological to social
systems. Scientists are learning that at the core of many biological

small-scale mechanical engineering—in which build
mechanical systems from individual atoms—toward one in which
molecular biology and biochemistry contribute essential tools
[such as proteins that build nanowires). Finally, nanotechnology
will also serve as a model for transdisciplinary science. It will
support both fundamental research and commercially oriented
innovation; and it will be conducted not within the boundaries of
conventional academic or corporale research departments, but in

growth, repair, and others—are com-
putstional processes that can be decoded and simulated. Using
techniques of combinatorial science to uncover such patterns—
whether these are physical, biclogical, or social—will likely oc-
cupy an increasing share of computing cycles in the next 50 years
Such massive P will also make P!
Computer simulation will be used not only to help make decisions
about large complex scientific and social problems but alse to help
indi make better choices in their daily lives.

institutional and social milieux that el Y.

For 3.6 billion years, evolution has governed biology on this planet.
But today, Mother Nature has a collaborator. Inexpensive tools to
read and rewrite the genetic code of life will bootstrap cur ability to
biology from up. We'll not only
engineer existing life but actually create new life forms with purpose.
SUill, we will ot be blind to whal nature has (o leach us. Evolution's
elegant engineering at the smallest scales will be a rich source of
aswe build the bi gy of the next 50 years.

In the next 50 years, we will be faced with broad opportunities to
remake our minds foundly diff ways. Advances
in biotechnology, brain science, information technology. and robotics.

® Sensory Transformation

In the next ten years, physical objects, places, and even human
beings will ingly become with
computational devices that can sense, understand, and act upon
their enviranment. They will be able to react to contextual clues
abaut the physical, social, and even emotional state of people
and things in their surroundings. As a result, increasing de
mands will be placed on our visual, auditory, and other sensory
abilities. Information previously encoded as text and numbers
will be displayed in richer sensory formats—as graphics, pic-
tures, patterns, sounds, smells, and tactile experiences. This
enriched sensary environment will coincide with major break-
throughs in our understanding of the brain—in how we process
sensory information and connect various sensory functions.

level, these new infrastructure designs will

In the last two centuries, natural philosophy and natural history
fractured into the now-familiar disciplines of physics, chemistry,
biology, and so on. The sciences evolved into their current form

in response to and prof , philan-
thropic priorities, and economic and state needs. Through most
of the 20th century, the growth of the sciences, and academic

and career pressures, encouraged ever-greater specialization,

In the coming decades, transdisciplinary research will become

smaller, smarter, more independent components. These com-
ponents will be organized into more efficient, more flexible, and
more secure ways than the capital-intensive networks of the 20th
century. These lightweight infrastructures have the potential to
boost ging ies, improve sociol ivity, mitigote
the environmental impacts of rapid global urbanization, and
offer new future paths in energy.

META-THEMES

Before the Z0th century, many of the greatest scientific discov-
eries and technical inventions were made by amateur scientists
and independent inventors. In the last 100 years, a professional
class of tists and engineers, supp in-
dustry, and the state, pushed amateurs aside as a creative force.
At the national scale, the capital-intensive character of scientific
research made world-class research the property of prosperous.
advanced nalions. In the new century, a number of trends and
technologies will lower the barriers to participation in science and
technology again, both for individuals and for emerging countries.
The resull with be a renaissance of the serious amateurs, the
growth of new scientific and technical centres of excellence in
developing countries, and a more global distribution of world-
class scientists and technologists.

an imp g to Howard Rhei ap
forecaster and author, "transdisciplinarity goes beyond bringing
together researchers from different disciplines to work in mul-
tidisciplinary teams. It means educating researchers who can
speak of multiple disci biologists who have

of ians whe under-
stand biology.”

The phenamenon of sell-arganizing swarms that generate
complex behavior by following simple rules—will likely become
an important research area, and an important model for under-
standing how the natural world works and how artificial worlds
can be designed. Emergent phenomena have been observed
across a variety of natural phenomena, from physics to biology
to sociology. The concept has broad appeal due to the diversity
of fields and problems to which it can be applied. It is proving
useful for making sense of a very wide range of phenomena.
Meanwhile, emergence can be modeled using relatively simple
computational tools, although those models often require sub-
stantial processing power. More generally, it is a richly sugges-
tive as a way of thinking about designing complex, robust tech-
nological systems. Finally, emergence is an accessible and vivid
a metaphor for understanding nature. Just as classical physics
profited from popular treatments of Newtonian mechanics, 5o
too will scientific study and technical reproductions of emergent
phenomena likely draw benefits from the popularization of its
underlying concepts.

Science & Technology Outlook: 2005-2055 - Alex Soojung-Kim Pang, David Pescovitz, Marina Gorbis, Jean Hagan - 2006
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et
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worthy of special recopnition, Comect predictiors by
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Nobel Prizes in Physical Review

Year of Nobel Prize Winners Pui

on Year(s

{dcated by Nobel Prize medabi on the right)

© 2005 Roy |. Glauber, john L. Hall, and Theodor W Hiinsch 1963, 157

@ 2004 David |, Gross, H. David Politzer, and Frank Wilczek 1973
Thomson ISI successfully predicted a winner in this. year, with the

following paper.
A F.

© 2003 Anthony | Leggett 1970

® 2002 Raymond Davis |r., Masatoshi Koshiba, and Riccardo Giacconi 1762.1968

® 2001 Eric A. Cornell Wolfgang Ketterle, and Carl E.Wieman 1595,

@ 1998 Robert B. Laughlin 1582, 1983
@ 1997 Steven Chu and William D. Phillips 198

® 1996 David M Lee, Douglas D Osheroff, and Robert C. Richardson 1972

® 1995 Martin L Perl 1959, 1975

@ 1994 Bertram N. Brockhouse and Cifford G, Shull 1955

@ 1990 jerome | Friedman, Henry W, Kendall, and Richard E. Taylor 1959
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Mapping the Universe: Space, Time, Discovery! - Choumei Chen, Jian Zhang, Michael S. Vogeley, J. Richard Gott Ill, Mario Juric, Lisa Kershner - 2007




Article Edit Activity
Articles are size coded based on how frequently
been edited from

Science related
1k1ped1an

ACTIVIT

“This visualization explores the
activity of science, math, and

" 2007 Major Edits
B ™ = Articles are size coded based on how many LY
\ L major edits they received from Junwiry [ ]
{5 s 2w 1st, 2007 to April 6th, 2007, Larger” ;.
o f - . circles have received more edits E
than smaller circles. The
highest number of major
its was 2,627,

For the central image, each
article is size coded based on
the likelihood thar it is math,

mcnu. or technology

technology (SMT) related

amclcs in the English-

anguagr Wikipedia ® 50%

(heep:/fen. mkl])odia org).

‘The central image shows

659,388 artics (circes). . 100%

Overlaid is a 37 x 37 grid

of relevant half-inch sized

images. All five images are color
coded based on type.

Blue, green, and yellow Transparency is used for

circles represent the 3,599 legibility, and creates

math, 6,474 science, and different colors when

3,164 technology related nodes overlap.

articles respectively. The

larger the size of a circle the
higher the likelihood it is
that type of article. The four
corners show activity patterns
of SMT articles.

Ani(ic :
Popularity

Articles are of Bunh ‘ -G —
size coded based : “*. Articles are size coded 2=t !
\unklhc‘?mnlml of :r based on the numberof & APy
. Wi ia .min. s i bursts, i.c. sudden increases, et
referencio i. Large cirles of edit activity that occurred .
e are recciving more links from during the article’s lifetime. 3
‘other articles than smaller circles. The Larger circles have had more bursts .
ighest number of references to an article

in activicy than smaller circles. The mmr bursts -
an article had was 9.

9@ o was 42,602,

Science Related Wikipedian Activity - Bruce W. Herr Il, Todd Holloway, Katy Borner, Elisha F. Hardy, Kevin Boyack - 2007
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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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Europe Raw Cotton Imports in 1858, 1864 and 1865 - Charles Joseph Minard - 1866




SHRINKING OF OUR PLANET BY MAN'S INCREASED TRAVEL
AND COMMUNICATION SPEEDS AROUND THE GLOBE

YEAR 500,000 BC 20,000 BC 300 BC 500 BC 1,500 AD 1900 AD 1925 1950 1965
Required time
A fi A few thousand
to travel around P euines e A few hundred years A few tens of years A few years A few months A few weeks A few days A few hours
the globe thousand years| years
i i . . Big sailing ships Steam boats and . Steamships, rail-
Means of suman 'on faos On foot and by Cance with small sail | Large sall boa‘ts . (with compass), railroads (Suez ?ﬁﬁg};’x{:ﬁénml ways, auto jet ﬁ;‘é’ﬁ" égesetﬁ'gﬁ\'l’fy
. (over, ice or paddles or relays oars, pack animals, . e d Kket-
transportation || qo0s) eages of runners and horse chariots horse teams, and andifaame m:jlwaysf SitoRs|and rockekaiz= jet Hiroralt et
ge coaches Canals) and airplanes  |epyfg J
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Small part of a ' e globe
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tions manuscripts prior to 1441 A,D. 1441 printing press |iss3 newspaper press 167 telephone | 1e9s telegraph w20 radio broadcast | 1950 Television| 195 f Early Bird satellite

15,00 AD -1840 AD

THE RELATIVE SIZE OF THE WORLD AS TRAVEL TIME DECREASES

The best average speed of horse

drawn coaches on land and sailing
ships at sea was approximately

10 m.p.h.

1850-1930

Steam lozomotives averaged
65 m.p.h. while steamships
averaged 36 m.p.h.

1950's

&>

Propeller
aircraft
averaged
300-400

m.p.h.

T

s
Man on foot

el Ll

1960's

Jet
passenger
aireraft
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m.p. h.
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_‘__5,000 years of
villages & towns

and
then

——
Rome was the only metropolis
of over 1,000,000 peolplc from

this date forward unti

1800 AD.

——
Rome's population
declined by 30, 000

5,000 years (300BC-1800AD) in which towns slowly

"evolved into cities,

and then into metropolises.

——

Bubonic plague wi'ped

out i/4 of Europe's
population

Shrinking of Our Planet - R. Buckminster Fuller, John McHale - 1965

' o

For the first time in history it
hegan to be _safe for men to live
in large cities because of ad-
vances in medicine and sanitat-
ion. Lifc was made more secure
and comifortable by the Industrial
Revolution & mechanized farming
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Tracing of Key Events in the Development of the Video Tape Recorder - Mr. G. Benn, Francis Narin - 1968
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Bill Clinton, the Lippo Group, and China Ocean Shipping Co. a.k.a. COSCO, Little Rock—Jakarta—Hong Kong, ca. 1990s - Mark Lombardi - 1999



Examining the Evolution & Distribution of Patent Classifications

Managing Growing Patent Portfolios The Structure and Evolution of the Patent Space
Organizations, businesses, and individuals rely on patents to protect their The United States Patent and Trademark Office assigns each patent to one of The evolving hierarchical structure of patent classes and their sizes is represented using
mtelle(;?ua] pmpall'ty and bu5|ness models. As rparket competition increases, more than 450 classes covering broad application domains. For example, treemaps, a space-filling visualization technique developed by Ben Shneiderman at the
patenting innovation and intellectual property rights becomes ever more 2 e + : : : - s
important. class 514 encompasses all patents dealing with ‘Drug, Bio-Affecting and Body University of Maryland. A treemap presents a hierarchy as a collection of nested
Treating Compositions.’ Classes are further broken down by subclasses that rectangles —demarcating a parent-child relationship between nodes by nesting the child
Managing the staggering number of patents demands new tools and have hierarchical associations. As one example, class 455 features subclass within the parent rectangle. The size and color of each rectangle represent certain
methodologies. Grouping patents by their classifications offers an ideal 99 entitled "with vehicle." attributes of the nodes.
resolution for better understanding how intellectual borders are established
and change over time. i ‘ i >
The top-10 fast growing patent classes for 1998-2002 are listed together with Here, each rectangle represents a class and the area size denotes the total number of
The charts below show the annual number of patents granted from January 1, the number of patents granted. Most come from the ‘Computer and patents in that class. The rectangle's color corresponds to percentage increase (green) or
1976 to December 31, 2002 in the United States Patent and Trademark Office Communications' and the ‘Drugs and Medical' area. decrease (red) in the number of patent granted in that class from the previous interval.
(USPTOQ) patent archive; slow and fast growing patent classes; the top-10 fast
growing patent subclasses; and two evolving patent portfolios.
Slow Growing > Fast Growing Class Top-10 Subclasses
o Class  Title # of Patents
| Mechanical 514 Drug, Bio-Affecting and Body Treating Compasitions 18,778
140 | [
[ 438 Semiconductor Device Manufacturing:Process 17,775
|
uo | ‘w' 435 Chemistry: Molecular Biology and Microbiology 17,474
/ 424 Drug, Bio-Affecting and Body Treating Compositions 13,637
100 | =3
% — ‘Ifk\/ Others Computers &_Commumcanmls_ 428 Stock Material or Miscellaneous Articles 13,314
& / |
% Sof / 257 Active Solid-State Devices (e.g., Transistors, Solid-State Diodes) 12,924
2
g : ;"\_, 1\\ ’ ,\ 395 Information Processing System Organization 9,955
=z 6o | al
o V 345 Computer Graphics Processing, Operator Interface Processing, 9,510
2 o and Selective Visual Display Systems
4ob
Chy | Drugs & Medical
= g aece 359 Optical: Systems and Elements 9,151
W - = 365 Static Information Storage and Retrieval 8,392
970 1974 1978 1982 1986 1990 1994 1998 2002
1983 - 1987 98 - 2002 1983 - 1987 1998 - 2002 1983 - 1087 1998 - 2002 008 - 2002
Year

Patent Portfolio Analysis

A longitudinal analysis of portfolios reveals different patenting strategies. For each year (given in gray above
each treemap), a treemap of all new patents granted to the assignee is shown. The number of patents is
given below each treemap. The same size and color coding as above was used. In addition,

indicates that no patent has been granted in that class in the last 5 years.

Apple Computer, Inc
Apple Computer, Inc.'s portfolio starts in 1980 and increases considerably in size over time. In most years,
more than half of Apple Computer’s patent filings were placed into four classes, namely ‘395 Information
Processing System Organization®, ‘345 Computer Graphics Processing, Operator Interface Processing, and
Selective Visual Display Systems’, ‘382 Image Analysis’, and ‘707 Data Processing: Database and File
Management or Data Structures'. These four classes are an integral part of Apple e

Computer, Inc.’s patent portfolio, receiving patents every year.

Jerom son

The patent portfolio of Jerome Lemelson shows a very different activity pattern. Starting in 1976, he I\).\"'j‘ - 2002
publishes between 6-20 patents each year. However, the predominance of yellow shows that there is

little continuity from previous years in regards to the classes into which patents are filed. No class

dominates. Instead, more and more new intellectual space is claimed.

Examining the Evolution & Distribution of Patent Classifications - Daniel O. Kutz, Katy Borner, Elisha Hardy - 2004
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| The ecological footprint is a measure
of the area needed to support a
population’s lifestyle. This includes
the consumption of food, fuel, wood,
and fibres. Pollution, such as carbon
dioxide emissions, is also counted as
part of the footprint.

The United States, China and India
have the largest ecological footprints.
Without knowing population size we
cannot understand what this means
about individuals' ecological demands.
Large populations live in China and
India. In both territories resource use
is below the world average. The per
person footprint in the United States

i

o ' is almost five times the world average,
k - and almost ten times what would be
= n 5 sustainable.
e e ° . Territory size shows the proportion of the worldwide
— S — = _ - = ecological footprint which is made there.
' hﬁﬁw — LARGEST AND SMALLEST ECOLOGICAL SHOE SIZES 9 AVERAGE ECOLOGICAL SHOE SIZE
_W,» 5 8
e ,{; oA g Rank Territory Value Rank Territory Value E
- ‘) s 1 United Arab Emirates 106 191 Nepal 0.61 27
A { ~ \ g/ f ® - . )| g G INAL 0 K= ﬁ_
: 2 S 5 k) §'
& £l s ul g 2 1
Land area ] g 4 = £ 3 3 E s g
Te:)ﬁnialr:umn S (o Kuwaitv . 196 Haiti 0.57 538 § T3 g = E 5 & e
Iﬁ;:ui’:) Irr:;?rfateianalanrx‘;gstitmeeolulgalaogry. 7 ustraila 7.0 197 Cambodia 0.55 % = g .E =3 'E ] E %
* Ecological footprint is measured in global hectares, 8 Finland 198 Bangladesh 0.47 g 24E £ 3 = =
e it dallarb Yoyiag EEESEsioar e b £Jd& &= 3
average biological productivity of one hectare. x g 14 © A
» See website for further information. 10 New Zealand 6.1 200 Afghanistan 0.11 g, l [ ]

ecological footprint in global hectares per person, 2002*

“People consume resources and ecological services from all over the world, so their footprint is the sum of these

areas, wherever they may be on the planet.”’ The Living Planet Report, 2006

www.worldmapper.org  © Copyright 2006 SASI Group (University of Sheffield) and Mark Newman (University of Michigan) Map 322

Ecological Footprint - Danny Dorling, Mark Newman, Graham Alisopp, Anna Barford, Ben Wheeler, John Pritchard, David Dorling - 2007
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The Product Space - Cesar A. Hidalgo, Bailey Klinger, Albert-Laszlo Barabasi, Ricardo Hausmann - 2007

£ ‘World trade flow data compiled by Feenstra et al.and available at the
National Bureau of Economic Research were used to identify the complete
co-export matrix of 775 industrial products for 1998-2000. A Maximum
Spanning Tree (MST) algorithm was used to reduce the complete co-export
matrix to less than 1% of the links.The resulting network, which combines
the MST plus all links with a co-export frequency of at least 0.55, was laid out
using a force-directed layout algorithm, Node sizes represent the value of
traded products in millions of U.S. dollars. Their color corresponds to ten
product groups identified using the Leamer classification. Each product class
=N is labeled by an icon. Link color and width indicate the frequency of joint

exports.

The network has a
core-periphery structure
with higher value product
classes, e.g., machinery, and
chemicals, in the core and
lower quality classes, e.g.,
fishing and garments, in the
periphery. Products at the
core of the network are
highly interconnected while
products in the periphery
are sparsely interlinked.

Each country has a certain
product export footprint.
Relevant exports by
"Industrialized Countries’,
‘East Asia Pacific’ and ‘Latin
America & the Caribbean'
are given on the right.

Traditional growth theory
assumes that there is always
a more sophisticated
product within reach.
However, given the
core-periphery structure of
the product space, the
distances between products
differ considerably.

Countries that operate at
the core have capabilities to
develop and manufacture a
wide range of products.Yet,
countries that mostly
operate in the periphery of
the product space have
much fewer opportunities
for diversification. A
country's current footprint
and the structure of the
product space have a major
impact on a country’s future
development.
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4D™ The Structured Visual Approach to Business Issue Resolution - Don Caswell, Hazel Tiffany, lan Francis - 2008



The Scientific Roots of Technology

A Simplified Map of Science Locating Patents on the Simplified Map of Science
P The original map of science was ik e Science-Technology Linkage: Patents were linked to the 554 scientific disciplines on the map of science. These links were based on a set of 18,250 people who were both inventors (on 55,400
£ b spherical, with 554 disciplines > patents) and authors (of 132,600 scientific publications) from 2002-2006. Additional information about the method for linking inventors and authors is available in Boyack & Klavans, “Measuring
comprised of over 16,000 jour- "'-”-:_-,n e science-technology interaction using rare inventor-author names,” Journal of Informetrics, 2008.
nals. Details of this map are given ‘-._, D
in another Places & Spaces poster. = : @ & Patent Classes: Ten large international patent classes with very strong linkages to Physics and Computer Science Based Patents: The electronics, hardware & software, and
science (large numbers of inventor-authors) are represented as cirdles inside the map telecommunications industries (represented mainly by international patent classes in sections G,
of science. The location of each patent dass is the mean location of the H, and B), are heavily linked to the physical sciences. Computer science, electrical
scientific disciplines it draws upon. Each colored ray within a engineering, physics, and chemistry are the core areas of science which
Unfortunately, with a spherical map, only one side can be seen at a patent circle points to an associated scientific discipline 4 k support technical progress in the above-named industries.
time. on the cirde of science. Rays are shown for all £ &
disciplines contributing to at least 1% of {048 HOTM Chemical & Medical Patents: Patents in chemistry (main-
the patents in a lass. / GOGF T % ly from classes in section C) and medicine (mainly from
B3z «lasses in section A) do not build exclusively on single
This spherical map of science can be unfolded in order to see the For example, class GOGF (digital / areas of science. Rather, patents in these classes
hidden side. data processing) is dominated by tend to build on science from a combination of
relationships to computer science the chemical and medical areas, and are thus
(pink), and s thus very near the /{ far more interdisciplinary in their science base
As the sphere is unfolded, more and more of the hidden side upper edge. GOIN RlCi eCiis paleRs
is revealed.
By contrast, class (07D /’ h
(heterocyclic compounds) is linked = co70
to disciplines in chemistry (blue)
The unfolded map shows the entire surface of the and in the medical and biological ﬂ
¥ 4 sphere on a 2-D plane. Remember that the left and sciences (reds and greens), and is AB1E Gaps: The positions of 20,000 individual pat-
right edges are actually connected, just as in the Mer- thus near the center of the circle of ! ents are shown on the small drcle map
cator maps of the world that we are so used to viewing. science. Patent circle sizes reflect 81K below. Areas of concentration and areas with
the relative numbers of US patents A few patents can both be seen. The largest
per dass granted from 2002-2006. — 12N gaps at the edges of the circle are adjacent to

the sodial sciences (yellow), earth sciences
(brown), and health services (peach). Few
patents are associated with scientific advanc-
esin these fields.

PRETS T T
> This rectangular map can be refolded to take on the shape of
i acylinder. /

S At the same time, the cylinder can be rotated such that the map '\ Shifting Scientific Roots of Stem Cell Technology: The scientific disciplines associated with over 1,800 patents
.‘_,’ is being viewed from the bottom up. in stem cell technology were examined over time. Four CORE disciplines were found to dominate, accounting for
4 48% of the patents, and are shown as tic marks on the inside of the small circle map to the left. The next 20 disci-

plines account for 36% of the patents, are considered PERIPHERAL, and are shown as tic marks on the outside of the
small circle map. Over time, there has been a shift from CORE to PERIPHERAL disciplines, as shown below.
] When looking down into the cylinder, nodes of the same color are in 08

]

\-/ the same general area, but are not sequentially located.

1 P 8 - .
N
W ® 1983-1987 1988-1992 1993-1997 1998-2002 2003-2007
e~ KEYS . CORE Patent Classes: From top left HO1L: Semiconductor devices  GOTN: Analyzing material properties  C12N: Micro-organisms; enzymes
The model can be simplified by shifting disciplines (nodes) of the GO6F: Digital data processing B32B: Layered products 07D: Heterocyclic compounds A61B: Diagnosis; surgery
same color to be next to each other. This can be done with only (] peRPHERAL HO4B: Transmission HOTM: Batteries, etc. A61K: Medical preparations

minor loss of information, and results in a circular map of 554
disciplines organized into 13 major areas, denoted by color. CS; EE Math; Physics | Chemistr Englneering IEauh smencesl Bloloiy Blotech Irnlec( DIseaseIMedSic\a‘ues Health Services | Brain Research ~ Humanities  Soclal Sclences

© 2008 Scitech Strategies, Inc

The Scientific Roots of Technology - Kevin Boyack, Richard Klavans - 2008



Happiness
Depends on
Various
Factors

Social scientists are starting to
include relative happiness with
hard data on economic status,
health, and other factors as they
assess quality of life. They rely on
surveys of “subjective
well-being”—how good people feel
about their lives. A werls map of
one “happiness index” shows
many, but not all, wealthy northern
countries faring well, Residents of
sub-Saharan Africa and the former
Soviet Union, meanwhile, report
particularly low levels of
contentment.

Any attempt to measure happiness
will fall short—each life is a series
of joys, struggles, and sorrows, and
satisfaction can depend as much
on outlook as on circumstances.
Averages obscure the happy
moments in struggling nations, as
well as people who suffer from

“It's time we admitted there’s more to life than money.”

RANKING
THE WORLD’S
HAPPIEST PLACES

Northern Europe, North America,

and several wealthy countries

make the list, but so do many less

prosperous island nations.
1 DENMARK
SWITZERLAND

2 AUSTRIA
ICELAND

BAHAMAS
FINLAND
SWEDEN

4 BHUTAN
BRUNEI
CANADA
IRELAND
LUXEMBOURG

5 COSTA RICA
NETHERLANDS

6 ANTIGUA AND BARBUDA
MALAYSIA

NEW ZEALAND
poor health, poverty, or NORWAY
discrimination in countries that gg‘f'g#sUfNSD NEiE
gk g S borpines s CATED Ao Sarares

d P = 2oy UNITED STATES
simple economics as they track VANUATU
progress—or backsliding—over VENEZUELA
time.

MEASURING THE

INTANGIBLE

The map is derived from the New Happiness Index

Economics Foundation's 2006 Very Happy

“Happy Planet Index,” which Happy

drew on over 100 surveys of sub- Content

jective well-being. Its “satisfac- Unhappy

tiudn with life scale”—a happiness No data

index—ranks the relative happi- Paa e .

ness of nations, from a high of ki e A

273 (Denmark and Switzerland)

to a low of 100 (Burundi).
DEFINING WELL-BEING HEALTH 'Tm WEALTH EDUCATION
By comparing the happiness Japan boasts the world's lon- Money still can't buy love, Residents of Australia can

index to data from the UN,
the CIA, and other sources, a
U.K. psychologist determined
that good health and health
care, enough money for fun-
damental needs, and access
to basic education are the
most important factors for
subjective well-being.
European countries top all
three measures.

The Global Projection of Subjective Well-being - Adrian White, National Geographic EarthPulse Team - 2008

gest life expectancy —one
measure of overall health.
Swaziland, at the other end of
the scale, is plagued by pov-
erty, disease, and violence.
Disparities in access to health
care divide many countries
into haves and have-nots.

or happiness, and wealthier
people aren't always more
content. Still, tiny
Luxembourg, which takes
top rank in per capita Gross
Domestic Product (GDP),
also rates a 253 on the hap-
piness index. Real paverty
means real misery, a fate
shared by billions.

expect to spend more time
in school—an average of
almost 21 years—than citi-
zens of any other country.
But only a basic education
is needed to see a signifi-
cant jump in overall happi-
ness. Around the world,
hundreds of millions lack
even that.
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Science and Society in Equilibrium
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MOBILE LANDSCAPES
Using Location-Data from Cell Phones for Urban Analysis

Thisresearch shows\how geo-referencing cell phone activity data can atltow for hourly estimates-of

population flows within urban environments. Analyzing the movement of peoplé on this scate-hadneveér

been‘investigated in depth before this project and the results allow researchers-to investigate how peeple-
" navigate and use urban systems. Understanding these flows will allow us to plan-better cities.

The maps below show cell phone activity around Milan, Italy’s train station-during rush"hour. As one might

-imagine at rush hour’s peak there is high activity around the frain statign, as timg-passes this activity
moves further away from this transit node. Milan’s-urban population is/beginning to inhabit completely
different parts of the city. While this analysis highlights what one might expect, a closer inspection of the
data not only shows high volumes of.people at the train station during rush hour, but also the smaller
urban plazas that are activated at dusk. The contrast between day and night helps to illustrate how
Milan’s population uses its urban environment and what parts of the city are important to their daily-flow.
It also illustrates the potential of cell phohe data to tell us-ab6ut the pulse of the city.
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Mobile Landscapes: Using Location Data from Cell Phones for Urban Analysis - Sarah Williams, Carlo Ratti, and Riccardo Maria Pulselli - 2006




A VISUAL GUIDE TO WHERE YOUR
DEATH & TAXES : _ FEDERAL TAXlDOLLARS GO

WHO PAYS?

Death and Taxes 2009 - Jess Bachman - 2009




Chemical Research & Development

Powers the U.S. Innovation Engine

Macroeconomic Implications of Public and Private R&D Investments in Chemical Sciences

INVESTMENT IN CHEMICAL SCIENCE R&D

FEDERAL
GOVERNMENT

$8 Billion

TAXES

$1 Billion

FEDERAL FUNDING

$5 Billion

INDUSTRY FUNDING

CHEMICAL
INDUSTRY

&

$1B- $1B + $5 Billion »

45 YRS~ F——9-11 YEARS ——+—> 5 YEARS—

IF'(ESEARCH ' :DEVEELCT)IPMENT i M L CI lEMIC‘ ‘L INDUS' RI
‘COMMERCIALIZATION : ! l I

TIMELINE FROM CONCEPTION
TO COMMERCIALIZATION

U.S. ECONOMY

The Council for Chemical

Research (CCR)
has provided the U.S. Congress and
government policy makers with
important results regarding the impact
of Federal Research & Development
(R&D) investments on U.S. innovation
and global competitiveness through
its commissicned 5-year two phase
study. To take full advantage of
typically brief access to policy
makers, CCR developed the graphic
below as a communication tool that
distills the complex data produced by
these studies in direct, concise and
clear terms.

$58

Chemical
Industry
R&D

Funding

The design shows that an input of

$1B in federal investment, leveraged
by $5B industry investment, brings
new technologies to market and
results in $10B of operating income
for the chemical industry, $40B
growth in the Gross National Product
(GNP) and further impacts the US
economy by generating approximately
600,000 jobs, along with a return of
$8B in taxes. Additional details, also
reported in the CCR studies, are
depicted in the map to the left. This
map clearly shows the two R&D
investment cycles; the shorter
industry investment at the innovation
stage to commercialization cycle; and
the longer federal investment cycle
which begins in basic research and
culminates in national economic and
job growth along with the increase tax
base that in turn is available for
investment in basic research.

Chemical R&D Powers the U.S. Innovation Engine - The Council for Chemical Research - 2009



Bruce W. Herr Il (Chalklabs & IU), Gully Burns (ISI), David Newman (UCI), Edmund Talley (NIH)

The National Institutes of Health (NIH) is organized as a 7

ONA opair Risk Factor Analysis
multitude of Institutes and Centers whose missions are ; <o Mouse G Studies ’-«,@mmﬁm
primarily focused on distinct diseases. However, disease oNA ination - Population QS armes sk
% Cancer Chemoprevention .
etiologies and therapies flout scientific boundaries, /1 Gunlloviigiar Dirtans .
and thus there is tremendous overlap in the kinds of e ggrsdion Alzheimers Discase \
research funded by each Institute. This creates a = mm:- i Bone Strength
-5 . Methods 4Stalistical

daunting landscape for decisions on research

Histone l{bnmm‘ = s

- ! - Renal Disease
directions, funding allocations, and policy Zo Ureptptoine m!mlf*nuws :
formulations. Shown here is devised an N o, ¢ i P
interactive topic map for navigating this g ;
landscape, online at www.nihmaps.org. Bioactive Ofggpic Synthesis Ethics '
; i ng.”
Institute a:ahrev;atidons can be found . BionagUpAg cominence
atwww.ni n.gov/icd. HNAMW!IIM
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Oncology Clinincal Trials
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Topic modeling, a statistical technique L “"'ﬂ“’"f‘-"cﬁ P R
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P 5
categories, was applied to assess projects in 1230 Gudance Wi 5
b thei - mestggasity %
terms used by researchers to describe their ) . R e 3
work, without the biases of keywords or subject 47 Vira Hepatis _ Procinical Pbdso Testing
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R . i A : Systemic Lupus Erythematosus g 3
simulated annealing algorithm. This analysis creates an Immune T L " vl ",
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research categories and to NIH Institutes in which grants "
are localized. & Circadian Rigythms/Sleep
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Auditory Processing

. 4 Cardiac Di Research I [ Neural Circuits Research
*| Anarea of the map focused on cardio- An area of the map focused on neural
o vascular function and dysfunction. circuiits, which shows the diversity of

Cardiac Failure (primarily funded by topics and NIH Institutes that

NHLBI) is topically clustered next to fund research in this area, such as:
Stroke (NINDS), since these are the two Cardiorespiratory Regulation,
primarily funded by NHLBI; Visual
Processing, primarily funded by NEIl and;
Epilepsy, primarily funded by NINDS.

For colar coding, see legend in the

major medical emergencies associated
with ischemia, which results from a re-
stricted blood supply. Also localized in
this area are grants focused on Nitric

Oxide (NOS) Signaling, a major biochem- upper leftinset.

" e
Microglial Activation . ical pathway for vasodilation, and grants e
e Jourbi Gircuits
b . ‘on Hemodynamics, Sickle Cell Disease .

and Ar ysr

National Cancer Institute (NCI)
TOP 10 TOPICS

1 Oncology Clinincal Trials
Cancer Treatment

Cancer Therapy

4 Carcinogenesis

Risk Factor Analysis

& Cancer Chemotherapy
7 Metastasis

8 Leukemia
9 Prediction/Prognosis
0 Cancer Chemoprevention

National Institute of General -y
Medical Sciences (NIGMS)
TOP 10 TOPICS

Bioactive Organic Synthesis
X-ray Crystallography

i Protein NMR

Computational Models

5 Yeast Biology

Metalloproteases
7 Enzymatic Mechanisms

¢ Protein Complexes
Invertebrate/Zebrafish Genetics

0 Cell Division

National Heart, Lung,
and Blood Institute (NHLBI) =
TOP 10 TOPICS

| Cardiac Failure
Pulmonary Injury
Genetic Linkage Analysis
4 Cardiovascular Disease
5 Atherosclerosis

Hemostasis

7 Blood Pressure

Asthma/ Allergic Airway Disease
? Gene Association

o @

Lipoproteins

National Institute of '
Mental Health (NIMH) 4
TOP 10 TOPICS -
| Mood Disorders * 4
2 Schizophrenia » B

3 Behavioral Intervention Studies - e
4 Mental Health
Depression =,
Cognitive-Behavior Therapy
7 AIDS Prevention t:

Genetic Linkage Analysis .
7 Adolescence i
0 Childhood

A Topic Map of NIH Grants 2007 - Bruce W. Herr II, Gully Burns, David Newman, and Edmund Talley - 2007
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356,000,000 user requests

6,700,000 connections from raw data
97,532 serials in raw data

50,000 top connections for map (> 170)
2,307 journals for map

More information on this map can be found in Bollen J, Van de Sompel H, Hagberg A, Bettencourt L, Chute R, Rodriquez, MA and Balakireva, L. (2009)
Clickstream Data Yields High-Resolution Maps of Science. PLoS ONE 4(3): e4803. doi:10.1371/journal. pone.0004803 (Freely available online)

A Clickstream Map of Science

Johan Bollen, Herbert Van de Sompel, Aric Hagberg, Luis M. A. Bettencourt, Ryan Chute, Marko A. Rodriguez, and Lyudmila Balakireva - 2008

CLICKSTREAM MaP
SCIENCE

This is the first map created from large-
scale, world-wide, scholarly usage data. It
visualizes the collective flow of scientists’
movements from one journal to another
other in their online navigation behavior.

The MESUR project (www.mesur.org) collected a database of
nearly 1 billion user requests recorded by the web portals of
some of the world's most significant publishers, agaregators

and large university consortia, among them Thomson Scientific
(Web of Science), Elsevier (Scopus), JSTOR, Ingenta, Univer-
sity of Texas (9 campuses, 6 health institutions), and California
State University (23 campuses). All usage logs acquired by the
MESUR project contain session identifiers that identify the
individual clickstreams of individual scientists navigating from one
article to the next.

Pairs of journals are connected when they have a high
probability of being followed by each other in users’ clickstreams
The circles represent individual journals. A line between two
circles indicates that they are strongly connected in either direc-
tion. The colors indicate the scientific domain a journal belongs to
according to their Dewey Decimal and JCR classification codes
that were mapped into the Getty Research Center's Arts and
Architecture Taxonomy (AAT) to allow classifications at various
levels of detail. The size of circles corresponds to the strength
(degree centrality) of a journal’s connections in the map. The map
is arranged by the Fruchterman-Reingold algorithm that treats
connections like springs: connected journals are drawn together,
but they are not allowed to get too close

This map is derived from usage data and therefore also reflects
the actions of those who read the literature but rarely publish
themselves, e.g. practitioners and laypersons. As a result
practitioner-driven domains such as nursing, social work, and
tourism studies are prominently featured. The natural sciences
vs. the social sciences and humanities emerge as two distinct
clusters that are connected via various specific interdisciplin-
ary spokes. Most domains are highly interdisciplinary, but this is
more so the case for the social sciences and humanities. Sur-
prisingly, mathematics and computer science are not represent-
ed as one specific cluster, but spread-out through the map.

Like citation maps, this map is based upon a particular sample of
the scientific community, albeit one that includes non-publishing
scientists and practitioners and a much greater sample of
publications. From MESUR's database of 1 billion user events, we
created a matrix of & million connections between approximately
100,000 serials. From that matrix we selected only 50,000 con-
nections with the highest number of observations, ranging from
approximately 40,000 to 170 observations. This subset of connec-
tions pertained to the 2,307 most used journals. This procedure
may introduce specific biases which require investigation. This
map should therefore not be construed as a final map of scientific
activity, but as a showcase for the feasibility of tracking scientific
activity from usage data. We hope this methodology will provide
unique insights into the real-time structure of scientific activity as it
«can be observed from scholarly clickstream data

When we cut the AAT taxonomy at the top level, only two dis-
tinctions remain: natural science (blue nodes) vs. the social
sciences and humanities (yellow nodes). Some journals along
the spokes of the wheel have classifications (colors) that do
not correspond to their location in the map. This indicates
either that journal in question is highly interdisciplinary, and/or
has been assigned a classification that does not correspond
to how scientists actually use the particular journal

Design layout by: Jeremy D. Chacon
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U.S. Vulnerabilities in Science - Kevin W. Boyack and Richard Klavans - 2008
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Exhibit Venues

December | 1-19, 2008, Center of Advanced European Studies and Research,
Bonn, Germany

April 15 - December 18, Stanford University, Stanford, CA. May |8 - debut of 5th iteration. 2005 - Present
Courtesy of Media X, Stanford University I st iteration on display at NSF, Washington, D.C.
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Tree of Life - Peer Bork, Francesca Ciccarelli, Chris Creevey, Berend Snel & Christian von Mering - 2006



The Human Connectome

Anatomy Connectome Neuronal Pathways

Klingler's method for fiber tract dissection Shown are the connections of brain A new MRI technique called diffusion
uses freezing of brain matter to spread regions together with “hubs” that spectrum imaging (DSI) analyzes how
nerve fibers apart. Afterwards, tissue is connect signals among different brain water molecules move along nerve
carefully scratched away to reveal a areas and a central “core” or backbone fibers. DSI can show a brain’s major
relief-like surface in which the desired of connections, which relays neuron pathways and will help

nerve tracts are naturally surrounded by commands for our thoughts neurolo-gists relate structure
their anatomical brain areas. and behaviors. to function.

The Human Connectome - Eugen Ludwig, Josef Klingler, Patric Hagmann & Olaf Sporns - 1956, 2008
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Diseasome - Mathieu Bastian & Sebastien Heymann - 2009




HUMANGPEECHOMEPROJECT

-,
s
ﬁ:‘g* b

Camera iocstom Vs 1rgm B { oes s L LIy 50wt DITR kit iy ] b Bataine mostmant catierns rzughiut 1he Pome

child
father
mother
nanny
other
baseline

Speechome - George Shaw, Philip James DeCamp & Deb Roy - 201
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Das Projeks prisentiert die Ergebnisse einer interdiazipliniren Untersuchung des Prix Ars Electronica le end
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Mapping the Archive: Prix Ars Electronica - Dietmar Offenhuber, Moritz Stefaner, Evelyn Minster, Jaume Nualart & Gerhard Dirmoser - 2008
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¢ of Victorian p,
g scttin® ey,
1

g LEGEND

" No.of Porms Poct

e

$P My Qs B
© e

NN

-

g T of Bt (e ®

W) of Baen g Linters

Literary Empires: Mapping Temporal and Spatial Settings of Victorian Poetry
John A. Walsh, Devin Becker, Bradford Demarest, Jonathan Tweedy, Theodora Michaelidou & Laura Pence - 2010



The EMERGEI\ﬁE of

ANOTECHNOLOGY

MAPPING THE NANO REVOLUTION

The emergence of nanotechnology has been
one of the major s schnological
olutions in the
ural reorg ) wajor fields ¢
cience. Price (1965) showed that fields of
science and develog 1t can be mapped
using aggregated citations among the journals
in the fields and their re nt environments
The fram o the ving
s 1998-2003.
0 COsSINe V3 5 zooo
ns of the respective 1 998 ¢ The'journal S
ons of key events = -

with re

nt of Nanotechnology uring the period 1396-20
are given below each framo. Most notably, ¢
~ < up of jour s
leading papers in Science and Nature - up of journais

yugh around 2000 in applied ph

CHANGING ROLES OF
DIFFERENT JOURNALS

of a journal can be
»oness centrality
BC)—journals that occur on many shornest
paths be en other journals in a network have
r BC value than those that do not. In the
, 81208 of NOC are proportiona
@ss centrality of the respec
nal in the citation network
From being a specialist journal in app
, the journal Nanotech
C value in the years of the transition, ca
is is prec 1 by the “intervention” of
Science. After the transition, the new field of
nanotechnology sblished, new journals
such as Nano Le published by the influential
American Chemical Society take the lead, and
a New s structure with low BC value
JoOurnais re

Betweenoss Centrality

Hanotecinviogy

An anima sequence of this evolution i
http:/‘www.leydesdorff.netjournals/nanot
References
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Change and Interd slinary Developments. Journal
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Weaving the Fabric of Science - Richard Klavans & Kevin W. Boyack, SciTech Strategies, Inc. - 2010



Labor Statistics General Trends

From the start of the recession in December 2007 through the U Jo Mar et’ The chants to the left show annual national ecanomic
ond of 2009, more than & million jobs were lost in the United L L L] indicators. Thete indicators serve as background data;
Sustes. n October 2009, the U.S. unemployment rate peaked at they flow beneath and around more wpecfic analyses of
10.1 percent (after adustment for seasonal varistions), In April the job market. Business cycs dats come from the Na-

mowrneinzinsi Where are the Academic Jobs? i e

been unemployed for at least 27 weeks. Each month, 100,000 ment rates come from the Bureau of Labor Statistics

people enter the US. labor market—including high school and GDP data come from the Buresu of Economic Analysis.

college graduates. They join 15 million Amenicans looking Stock Price Index data come from the research of Dr.

for work 14 Robert Shiller at Yale University Department of Econom-
12 This timeline shows negative indicaton of the U.S. economy. ies. Indhidual conversion factors (compiled from Bureau

Unemploy rates are calculated and adjusted by the Bureay Decreases in the unemployment rate and debt indicate a healthy economy
of Labor Statistics within the U.S. Department of Labor and 10
reported in ther monthly Economic News Release on the Employ: 8

of Labor Statistics Consumer Price Indices by the Oregon
State University Political Science Department) were
applod where appropriate.

US. Uncenployment Rate (in %)

ment Situat Historical ! data, induding unemploy- B e =
ment rates with and without seasonal adjustment and divided by 6 The gray bands represent jons in the b cycle, o o sy
indnidual characteristics and employment sectors, are also avail- 4 Negathve ind<ators are more lively to increase during these contractions.

able from the Bureau of Labor Statistics.
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Geospatial Map 8
Using U.S. city and state information, circles are place over Using a hierarchical, multi-step clustering procedure, jour-
the location of the job postings and are sized in relation to e levMﬂWSﬂdmmwmm
the number of postings ksted for that location. The top-10 4 word usage and shared references (bbliographic cou-
cities with the highest number of postings are labeled, . pling). In the map, each cluster is represented by a node,
and the number of postings is given in parentheses. = and inks denote strong bibliographic coupling relations.
0 The 554 cdusters are further grouped into 13 color coded
Whre are the Academic Jobs? JECEIBEEE IR ISR BRI IR RERRERFY | oiesurim
Owver 3,500 jobs posted between July 2008 and February e ; ;!: '; = ; = : B 5 g el o I -:i- ; S : ; = SiN-N
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U.S. Job Market: Where are the Academic Jobs? - Angela M. Zoss & Katy Borner - 2010
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A MULTIMEDIA DESK IN A GLOBAL INTERNET

Paul Otlet (1868-1944), visionary Belgian lawyer
fascinated by the problems of access to global
knowledge, is often acknowledged as a pioneer
of the Internet. His design of 1936 for a
multimedia desk for home use, the Mondothéque,
integrated access to new documentary formats
including multimedia subsfitutes for traditional
books involving all available communications
technologies such as microfilm, gramophone,
radio and TV. A major resource was a new form
of visual encyclopedia, the Encyclopedia
Universalis Mundaneum. Connected by the
Mondothéque to a network of global collections
(Species Mundaneum), the user could access and
engage in the international production and
dissemination of knowledge.

June B, 1936 | 64 x 67 cm

Pen and ink on tronsparent paper*
EUM Affiches 8141

© Mundaneum Mons Belgium

The Mondothéque is a mulimedia
desk with spaces for essential
books, with atlases in the form of
visual encydopedia, for small
(museum) objedts and with
drawers for bibliographical cards
and microfilms ordered according
to the rules of his Universal
Decimal Classification system. On
its shelves sit communication and
broodcasting instruments, such as
radio, telephone, television and
film equipment.

*Otlet’s original drawing

is on light grey tracing paper. It has
been lightened here for legibility and
prinfing purposes.
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{Documentatio-Universalis-Mundaneum}

BRINGING TOGETHER OF ALL KINDS OF DOCUMENTATION - (THE 16 KINDS) IN A SINGLE ORDERED GROUPING

use (specific or general) - systematic developments in furniture, buildings, galleries.

Jonuary 16, 1937 | 21 x 28 em
pen and ink on transparent paper
EUM 8504

© Mundaneum Mons Belgium conservation,

An agency for presentation,

1 Bibliography * 2 Union Catalogue - 3 Library - 4 Encyclopedia * § Photogrophic ibrary - & Music library © 7 Film library © 8 Microfilm library 9 Administrative

Documentation - 10 Atlas | of maps, engravings, charks, graphic representations] - 11 Obijects - 12 Models [library of museum objects] = 13 Sculpture collection
14 Medals - 15 Prints - 16 Music

of the Mundaneum for all 16 kinds of documentation

A Classification - B Organisation (Rules, Manual)

ATo see with (Projection, Microfilm reader, Television) - B To hear with (Telephone, Phonograph, Microphone, Radic)

A Mundus - B Mundoneum

A Coats of Arms -~ B Stele [Stone monuments] - C Coins

Text: Mondothique. A mubmeda desk in a global inernet
Charles van den Heuvel, Huygens ING (KNAW), The Hague & W. Boyd Rayward, Universiy of lincis, UrbanaChampaign
Acknowhedgment: Stépharia Mankroid, Mundaneum, Mons

Grophic Design: Janet Armstrong BNO)| Armitrang Design, Maasiricht, NL with the collaborafion of Michosl ). Stamper

Mondothéque. Multimedia Desk in a Global Internet - Paul Otlet - 1936/37
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A Chart lllustrating Some of the Relations between the Branches of Natural Science and Technology - H.J.T. Ellingham - 1948
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Design vs. Emergence: Visualization of Knowledge Orders - Alkim Almila Akdag Salah, Cheng Gao, Krzysztof Suchecki, and Andrea Scharnhorst - 2011




Map of Scientific Collaborations from 2005-2009

f

&

S

-Metrix, Inc.

Computed Using Data from Elsevier's Scopus

Stream of Scientific Collaborations between World Cities - Olivier H. Beauchesne - 2011
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B The Census of Antique Works of Art and Architecture
= 2 Known in the Renaissance 1947-2005
@
g + Revealing emergent complex structure within the data model definition of a scholarly database
w Dr. Maximil chich  CCNR, North University, Boston
The Ceusus of Antique Works of Art and Architecture Known in the Renafssance at the time of analysis
comprises 8,242 antique Monuments with 12,688 parts, and 3,087 Renaissance Documents with
31,197 parts. Additional record types include Person, Location, Date range, Style period, Image,
e Inscripti Replica, Bibl phy as well as and Provenance
H Events.
g
e = Part (a) shows a matrix of record types where rows denote Tink sources, while columns act as link
-3 tangets,and wetual roconds and theie inkerrelat tn the wspect x ool The s
E o of total records per type is given below each row / column header, e.g., there are 8,242 Monuments.
o 3 plus 566 Replicas, A cell in the 6 x 8 matrix s filled, if links between the respective source and target
+ exist, e.g., many Documents have a Uibliography. Each filled cell represents the network structure
a x as well as the IN- and OUT-degree distributions for the mostly bi-modal networks. For example,
~ the Document-Bibliography cell shows a rather large connected network and few small sub-net-
= Ao Ly o s

works. Th ponding plot jprobability Pk that nodes have at least
a certain degree, .., the d ibliography OUT distribution shows a p ility close to 1
for nodes that may have at least one link and a much lower probability to have at least 50 to 70 links.
Qs 10 relation; Lws than 0.1 ¢ provided to guide th i the map.

of all provenance events have Part (b) depicts the data model definition as a labeled node-link diagram. Node area size coding.
o then aer dai, denotes the number of records for each record type while edge width reflects the total number of
"“:“ st s : connections between respective records.

ek e poy pevort, Lo, v Link colors in (a) and (b} correspond to each other. Distribution plot colors equal the node type to
bl ol rinsor which the respective link type is adjacent to in (b).

References: This map was first published by the author in the book chapter Revealing Matrices, in:
prigosatimentaisoony Bewtatiful Vissalization. Looking at Data through the Eyes of Experts. Edited by Julie Steeleand Nowh Iitinsky.
enpuctd by the omaining Sebastopol, CA: O"Reilly 2010, ISBN: 978-1-4493-7986-5 URL: ittp:/frevealingmatrices.scivich.info
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MACE |

This visualization reveals the

TAXONOMY structure and usage patterns

of a classification taxonomy.

I / It is developed and used in the MACE

e I— | / V s/ project, which aims at providing better
Wl = sl access to digital resources for teaching
f/// 0%/ and learning about architecture.

gL

The diagram shows the structure of the vocabulary used
for tagging resources. Currently, it comprises over 2800
concepts, many of which have labels in German, English,
Spanish, French, and other languages.

The layout is based on the radial layout mechanism
introduced in [1], and provides a birds-eye view of the
whole taxonomy tree, with the root placed at the center
of the graphic, and each path to the outside
representing one “route of specialization”.

Accordingly, we can see how the vocabulary is
organized in broad categories like Technical Design,
Conceptual Design, or Theories and Concepts closer to
the center, which contain multiple levels of
sub-categories located on rings on the periphery.

In addition, circle overlays indicate the number of
resources tagged with the respective term (or any child
term), providing hints about the usage patterns of the
taxonomy. The exact number of resources for some
selected concepts can be found below the text label

http//www.mace-project.eu

3 Moritz Stefaner (hrip.//n
Number of resources R e workingat

MACE Classification Taxonomy - Moritz Stefaner - 2011
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