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How can we communicate the beauty,
structure, and dynamics of science to a
general audience?
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The Structure of Science

The Social Sciences are the smallest and
maost diffuse of all the sciences. Psychology
serves as the link between Medical SCIEHGES
(Psychiatry) and the Social Sciences. 5
serves as the link with Computer Smcnnc
and Mathemalics

Psychiatry ‘Neuroscience

Radiology

General
Medicine

Medical Treatments:

The Medical Sciences include broad therapeutic =
studies and targeted areas of Treatment (e.g. central
nervous system, cardiclogy, gastroenterclogy, etc.)
Unlike Physics and Chemistry, the medical disciplines
are more spread out, suggesting a more multi-
disciplinary approach to research. The transition info
Life Sciences (via Animal Science and Biochemistry)
is gradual

The Structure of

& immuniology

is our starting paint, the purest of all sciences. It lies at 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 communities 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 distinct as one
might assume.

The Life Sciences, including Biology and
Jiochemistry, are less concentrated than
Chemistry or Physics. Bands of linking
research can be seen between the larger
areas in the Life Sciences; for instance
between Biology and Mic ogy, and
between Biology and Environmental Scie
Biochemistry is very |merestmg in that it
is a large discipline that has visible links
to disciplines in many areas of the map,
including Biclegy, 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,
states, and cities. Similar relationships exist between the various disciplines and research topics in
science. 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
years ago. [t identified 41 areas of science from the citation patterns in 17,000 scientific 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
organizations and institutions locate thei ic capabilities. Additional information about the
ientific and econor mpact of each research community allows policy makers to decide which

areas to explore, exploit, abandon, or ignore.

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, areas of interest can be located and neighboring
areas can be explored.

Nanotechnology

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

Proteomics

Research communities in proteomics

are centered in Biochemistry. In addition,
there is a heavy focus in the tools section
of chemistry, such as

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

Pharmacogenomics

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

nistry and two communities in
lhe Social Sciences.

Science - Kevin Boyack, Richard Klavans - 2005
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April, 2005: 101st Annual Meeting of the

Association of American Geographer, Denver, Colorado.
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Debut of 5% Iteration of the Mapping Science Exhibit at MEDIA X in
2009 at Wallenberg Hall, Stanford University.
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Science Maps in “Expedition Zukunft” science train visited 62 cities in 7 months.
Opening on April 237 2009 by German Chancellor Merkel




12-Tokyo-Worldprocessor

Ingo Gunther's Worldprocessor glob esign on display at the Museum of

Emerging Science and Innovation in Tokyo, Japan.



Places & Spaces Digital Display in North Carolina State’s Immersion Theater
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Exhibit Advisors =
and Ambassadors
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kristinolmes - Apr 30
Excited for @cnscenter Places&Spaces at @galterlibraryl @katycns
[@NUCATSInstitute #unpackingcrates #viz
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Places & Spaces at Northwestern University
May 14 - September 23, 2015



Places & Spaces
Exchibit at the
David J. Sencer
CDC Museum,
Atlanta, GA

January 25-June
17, 20160.

......

CDC Opening Event: Maps
of Health

Tutorial and Symposium
February 4-5, 2016

......

16



Places & Spaces Exhibit at Vanderbilt University, Nashville, TIN.
January 23-April 23, 2017 http://scimaps.org/vanderbilt
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http://scimaps.org/vanderbilt
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10 iterations over 10 years
equal

10 x 10 = 100 maps!
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The Power of Maps 2005
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Cartographic maps of physical
places have guided mankind’s
explorations for centuries.

They enabled the discovery of new
worlds while also marking territories

inhabited by the unknown.

Without maps, we would be lost.
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Cosmographia World Map - Claudius Ptolemy - 1482
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Nova Anglia, Novvm Belgivm et Virginia - Jan Jannson - 1642
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Science maps of abstract semantic
spaces aim to serve today’s explorers
navigating the world ot science.

They can be used to identify objectively
major experts, institutions, collections.
They allow us to track the emergence,
evolution, and disappearance of topics

and help to i1dentity the most promising

areas of research.
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The Power of Reference Systems
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The Visual Elements Periodic Table

This chart shows the 111 currently known and officially named elements that comprise the Periodic Table
(IUPAC 2004). Each element is represented visually by an image produced for the Visual Elements project

The Periodic Table is an arrangement of all known elements in order of increasing atomic number. The

Perindic Table fits all the elements, w I 2 ysica " properties, into a

logical patt n C which de the elements into groups
i ties. Horizontal rows list th

Visual Elements is E collaborative
s Y Cl which aims 1o

Visit the periodic table on the web at

- | - [ | | || © Murray Robertson/Royal Society of Chemistry 1999-2006

Visual Elements Periodic Table - Murray Robertson, John Emsley - 2005




How would a reference system for all
of science look?

What dimensions would it have?
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In cheir 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 Cade 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 demonstrates a high degree of caincidence between Asimov’s account of events and
the citation data, see also . /o chart. They conclude that the use of citation data to write the history of science might
provide a new medug 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 i, .
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Thnpact

Heardly a day goes by when we do not read of the gene for this or that disea
a television crime show. There is so much emphasis on the biological fungtions
that it is a molecule, made of atoms in a particular spatial pattern. Determining th
vas precisely what led to the double helix but {he Watson and Crick 1953 paper, and the accompanying
y Wilkins and Franklin and their colleagues, was not the end of the story, As the chart on the right shows,
crystallographic studies of DMA continued for many years, and a rigorous confirmation of the|structure
ot come until the 1970s.

Historical Links (ldentified by lsaac Asimov)

— explicit
== =P implicit

Coincident Ciration Links

=P explicic
===l implicit

see DNA fingerph
DNA that it is casy to forget
tern of atoms in DNA

g on

Not surprisingly
stranded. Robert Sinsheim
DINA surand. Many years lacer, this bacte

an impert:

explicit

MNODE SIZE
MNumber of Citations

implicit

300

3,000

Fowurndation

Even the most revolutionary of scientific discoveries owes a great debt to
what has gone before, and the discovery of the DNA double helix is no 3 X K o
exception, i 5

o

This chart shows major lines of scientific enquiry 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 proteins, amine acids, Martin and Synge developed techniques that were used . e
by Chargaff in his analyses of DNA, The sequence of amino acids in proteins was worked out by »

ield of molecular genetics ca

A number of
the papers in
this chaFt deal with
an unsuspected form
of DNA. The standarc
structure is a right handed
helix, as if the DNA chains are

wrapped clockwise around h central

core. Alexander Rich found that undpr certain circumstances and with
icular sequen the bases, DNA can|assume a left-handed hell
led sequences is till unclear but they may be involved in the regulation of

e after the double

Fred Sanger, byt the impact of his work on th
helix. The central line is that of genetics, b ning with Mendel, and the central citation on this line
is 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 Group, founded by Max Delbruck and Salvador Luria whe saught to explore the mysteries
al rigor employed by the physicists. The bottom line captures the

ure.

The role of these left-F
gene expressior

of the gene with the intell
earliest studies of the chemical nature of DNA and RMA, from the fundamental analyses of Miescher

One of the key features of the double helix was that its structur how the moletule could
be duplicated. The two strands se ,and each acts as a template for the <;mhr<|<. of a new strand, basé pairing
determining the order bases in the new strand. Arthur Kornberg discovered DNA polymerase, an enzyme tht carried
out that reaction. This was greeted at the time with great hyperbole — that life had be¢n created in the test tube |- but the
enzyme plays an essential role much of rch that flaws from the double helix. In the early 1970 s were
developed for manipulating DNA and genes, dented control over genetic mpterial - genetic engineerirg — has led
Lo a new industry, biotechnology, and Lo the )

and Kossel. through the speculations of Phoebus Levene to Ernst Chargaff

Not 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 discvery in ways that papers and their interlinkages simply
cannot reveal

ject that holds great promise for improving human

1968; Thormas &

A Kombeng

1963 ). Speyer & M. Nirenberg

1963  Ingram, M. Nirerberg &
M Smehelin

HistCite TM Visualization of DINA Development - Eugene Garfield, Elisha Hardy, Katy
Borner, Ludmila Pollock, Jan Witkowski - 2006

1950 R Frankin
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The Power of Forecasts
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Teclonic Plate Boundaries

"l © Cities
Countries S
; 4 { Plate Name |, \ 4 ™ |, Voss -
1 O <— Plate Movemen! PRy iian e S e e e
p A% R T X fi R 5\ N : b = 3\ | (ML e

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




—elmpact or Air Travel on Global Spread of Infectious Diseasese—

14th Century: Black Death
: S

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

In pre-industrial times 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 relatively short distances on the time
scale of one day. Historical studies confirm that the
disease diffused smoothly generating an epidemic
front traveling as a continuous wave through the
continent at an approximate velocity of 200-400
miles per year.

21st Century: SARS

The SARS outbreak on the other hand was

characterized by a patched and heterogeneous
spotiotemporal pattern mainly due to the air
transportation network identified as the major channel
of epidemic diffusion and ability to connect far apart
regions in a short time period. The SARS maps are
obtained with a data-driven stochastic computational
model aimed at the study of the SARS epidemic pattern
and analysis of the accuracy of the model’s predictions.
Simulation results describe o spatio-temporal evelution
of the disease (color coded countries) in agreement with
the historical data. Analysis on the robustness of the
model’s forecasts leads fo the emergence and
identification of epidemic pathways as the most
probable routes of propagation of the disease. Only
few preferential channels 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).

* Forecasts or THE Next Pandemic Influenza ¢

The central map represents the cumulative
number of cases in the world after the first | o
year from the start of a pandemic 3
influenza with Ro=1.9 originating in b
Hanoi (Vietnam) in the Spring.

Seasonale———————  Forecasts are obtained with
a stochastic computational
model which explicitly
incorporates data on
worldwide air travel and
detailed census data to

# cases

SPRING

USA

¢ | The US maps focus on the situation in the
US after one year, and show the effect of
changes in the original scenario
analyzed. Different color coding is used
for the sake of visualization.

simulate the global spread of
an influenza pandemic.

The modeling opproach
considers infection dynamics
[i.e., virus transmission,

onset of symptoms,
infectiousness, recavery, efc.)
ameng individuals living in
urban areas around the

waorld, and assumes that
individuals are allowed to |
travel fom one city to |
another by means of the |
airline fransportation i
network. |

Numerical simulafions
provide results for the
temperal and geographic
evolution of the pandemic
influenza in 3,100 urban
areas located in 220
different countries. The
model allows to study
different spreading
scenarios, characterized
by different inifial outbreak

Geographical e————

CHICAGO

CITIES

The model inlcudes the
worldwide air fransportation
network (source: IATA)
composed of 3,100 airports
in 220 countries and
E=17,182 direct connections,
each of them associated to
the corresponding
passenger flow. This dataset
accounts for 99% of the
worldwide iraffic and is
complemented by the census
data of each lorge
metropolitan area served by
the corresponding airport.

Additional spreading
scenarios can be obtained
by modeling different levels
of infectiousness of the virus,
as expressed in terms of the
reproductive number Ro,
representing the average
number of infections
generated by a sick person
in a fully suscepfible
population.

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

an uncooperative strategy in
which countries only use
their own stockpiles, and a
cooperative intervention

————sReproductive

Number (Ro)

————=s|ntervention
UNCOOPERATIVE

R
conditions, both o F 3
BUCHAREST . = 3 o |
geographical and seasanal, EE bl T 4 Time evolution of a pandemic starting in Hanoi af 3
i-— f 3 [Vietnam) in the Fall in the no intervention scenario.  ¥eaf K|
e » ¢ w # o w # w » Profiles of the fraction of infectious individuals in fime - - e .
Py (prevalence) are shown for some representative =
— countries (left) and cities (right). Two different values
=g e e t"':""'" 1 of the reproductive number are considered: Ro=1.5, i:: s 5
ol ] |-1"[ 2 BLE 1 consistently with the values shown for the US map sat L ]
o LY 4 (top right), and Ro=2.3, in order to provide the Funf El
 F e e e R ]

which envisions a limited

worldwide sharing of the
resources.

w ¥ # »  comparison with faster spreading. ER

Impact of Air Travel on Global Spread of Infections Diseases - Vittoria Colizza, Alessandro

Vespignani - 2007



Can one forecast sciencer?

What ‘science forecast language’ will
work to communicate results?



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

Technalegy Horizens Program

Institute for the Future

124 University Avenue, 2nd Floor, Palo Alto, CA 94301
1650,854.6322 f650.854.7850 www.iftf.org
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A map is a tool fer navigating an unknewn terrain. In T g -
ransformation
the case of this map, Science & Technology Outlook: From intarmation ta
2005-2055, the terrain we're navigating is the un- Sensory phocesting
charted territory of science and technology [S&T] in
the next 50 years. However, the map of the future is not
a tool fer prediction or, for that matter. the preduct of ﬂmmﬁ., O smal Wedd
predictions. Nor is it comparable to modern navigation kit © FimtmsiBe
techniques in which we rely on a shrinking number of 2 flgnita, snaller— i
strong signals, Like GPS coordinates, ta show the right el N
jpath. Rather, it's more akin to classical low-tech . werld
navigational technigues with their reliance on an array ' O 5o en
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 mavigation than high-tech methods because, in

addition to aiding travelers in selecting the “right” path,

the signals contextualize information and reveal inter-
ies and ions between

wnrelated events, thus enriching our understanding

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

map of the future of S&T—te give the reader a deeper

contextual understanding of the landscape and to

paint to the intricacles and interdependencies between

trends.

While develaping the map, the Institute for the
Future [IFTF) team listened for and connected a
wvariety of weak signals, including these generated
during interviews and workshop conversations in-
wvolving more than 100 eminent UK. and U.S. experts
in S&T—academicians, pelicymakers, journalists,
and corporate researchers, The IFTF team also com-
piled a database of outlosks 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
organizations, policymakers, and society-at-large to
understand.

On this map, six themes are woven together across
the 50-year horizon, eften resulting in important
breakthroughs. These are supported by key tech-
nolgies, innovations, and discoveries. In addition to
the six themes, three meta-themes—democratized
innevation, transdisciplinarity, and emergence—will
overlay the future S&T landscape influencing how we
think about, learn abeut, and practice science. Finally,
S&T trends won't operate in 3 vacuum, Wider social,
demegraphic, political, economic, and environmen- o}
tal trends will both influence S&T trends and will be
influsnced by them. Some of these wider trends sur-
round the map to remind us of the larger picture.

Science & Technology Outlook: 2005-2055 - Alex Soojung-Kim Pang, David Pescovitz, Marina Gorbis,

shoi0m | 200

il righs rurervog

MAP THEMES

After 20 years of basic research and development at the 100-
nanameter scale, the importance of nanclechnology s a source
of innovations and new capabilities in everything from materials
science to medicine is already well-understood. Three trends,
however, will define how nanstechnology will unfold, and what
impacts it will have. First, nanotechnolegy is not a single field

with a coherent intellectual program; it's an opportunistic hybrid,
shaped by a combination of fundamental research questions,
promising technical applications, and venture and state capital.
Second, nanotechnology is moving away from the original wision of
small-scale mechanical engineering—in which assemblers build
mechanical systems from individual atoms—toward one in which
malecular biology and biochemistry contribute essential tools
[such as proteins that build nanowires). Finally, nanotechnalogy
will alse serve as a model for transdisciplinary science. It will
suppart both research and commercially oriented
innovation; and it will be conducted not within the boundaries of
eonventional academic or corporate research departments, but in
institutional and social milieux that emphasize heterogeneity.

@ Intentional Biology

For 3.6 billion years, evolution has governed biolegy on this planet.
But today, Mother Nature has a collaboratar. Inexpensive tools to
read and rewrite the genetic code of life will bootstrap our ability to
manipulate biclogy from the bottorn up. We'll not only genetically re-
engineer existing life but actually create new life farms with purpose.
SHLL, we will not e blind Lo whal nature has to teach us. Evolution’s
elegant engineering at the smallest scales will be a rich source of
inspiration as we build the bio-nanctechnology of the next 50 years.

In the next 50 years, we will be faced with broad opportunities ta
remake our minds and bodies in profoundly different ways. Advances
in biotechnolegy, brain science, infermatien technology. and robotics

wall result in an array of metheds to dramatically alter, enhance, and
extend the mental and physical hand that nature has dealt us. Wield-
ing these tools on ourselves, humans will begin Lo define a variety

of different "transhumanist” paths—that is, ways of being and living
that extend beyond what we today consider natural for our species.

In the very long term, fellowing these paths could someday lead to an
evolutionary leap for humanity.

® Mathematical World

The ability to process, manipulate, and ultimately understand pat-
terns in enermous 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
phenomena—reproduction, growth, repair, and athers—are com-
putational processes that can be decoded and simulated. Using
technigues of combinatorial science o uncover such patterns—
whether these are physical, bislogical, or social—will likely oc-
cupy an increasing share of computing cycles in the next 50 years.
Such massive computation will also make simulation widespread.
Computer simulation will be used not only to help make decisions
about large complex scientific and social problems but alse to help
individuals make better choices in their daily lives.

@ Sensory Transformation

In the next ten years, physical objects, places, and even human
beings themselves will increasingly become embedded with
computational devices that can sense, understand, and act upan
their enviranment, They will be able to react to contextual clues
about 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 ather sensary
abilities. Information previously enceded as text and numbers
will be displayed in richer sensory formats—as graphics, pic-
tures, patterns, saunds, smells, and tactile experiences. This
enriched sensory environment will coincide with major break-
throughs in our understanding of the brain—in how we process
sensory information and connect various sensory functions.

Humans will become much more sophisticated in their ability to
understand, ereate, and manage sensary information and ability
to perform such tasks will become keys to success.

@ Lightweight Infrastructure

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-
economic level, these new infrastructure designs will emphasize
smaller, smarter. more independent compenents, These com-
ponents will be erganized into more efficient, more flexible, and
more secure ways than the capital-intensive networks of the 20th
century. These lightweight infrastructures have the patential to
baost emerging ecanamies, improve social connectivity, mitigate
the envirenmental impacts of rapid global urbanization, and
offer new future paths in energy.

META-THEMES

Before the 20th century, many of the greatest scientific discov-
eries and technical inventions were made by amateur scientists
and independent inventers, In the last 100 years, a professional
class of scientists and engineers, supported by universities, 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 nations. 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 result with be a renaissance of the serious amateurs, the
growth of new scientific and technical centras of excellence in
developing countries, and a more global distribution of world-
class scientists and technologists.

Jean Hagan - 2006

In the last twe centuries, natural philosophy and natural history
fractured into the now-familiar disciplines of physics, chemistry,
biolagy, and so on. The sciences evalved inta their current form
in respanse ta intellectual and professional opportunities, philan-
thropie priorities, and economic and state needs. Through most
of the 20th century, the grewth of the sciences, and academic

and career pressures_encouraged ever-greater specialization

In the coming decades, transdisciplinary research will become
an imperative. According to Howard Rheingold, 2 prominent
farecaster and authar, "transdiseiplinarity goes beyond bringing
together researchers from different disciplines to werk in mul-
tidisciplinary teams. It means educating researchers who can
speak of multiple disci —hiologists who have
understanding of mathematics, mathematicians whoe under-
stand bialogy.”

Emergence

The phenomenon of self-organizing swarms that generate
complex behavier by fallowing simple rules—will likely became
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 ohserved
across a variety of natural phenemena, frem 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 madels often require sub-
stantial processing power. More generally, it is  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, so
too will scientific study and technical reproductions of emergent
phenomena likely draw benefits from the pepularization of its
underlying concepts.




| I 3Years of Physical Review

This visualization aggreszates 389,899 artides publshed in 720
wvolumes of |1 jeurnals between 1853 and 2005, The 51,762
articies publshed from 189310 1976 take - 1he lsft thind on the
map In 1977, the Physical Review introduced the Physics and
Astronomy Classification Scheme (PACS) codes, and the
vinmlzation subdivides into the top-level PACS codes. The
217503 artickes from 1977 ta 2000, for which good ditation data
s not available, occupy the middie third on the map. The 80,634
artickes from 2001 1o 2005, for which good dtaticn data is
availakls, il the last thind of the map.

Each vertical bar s subdvided verticall it the jourmals that
appear in it with heigt proportonal tothe rumber of papers,
and each journal s subdvided herizontally into the velumes of
the journal appearing in the colurn,

O top of thes base map, &l itations from the papers in every
tp-level PACS code in 2005 are overlaid and then drawn
fram the source area 10 the indvidual volumes conaning
Fapers cited

The small Mobel Prige mechls ndcate the 24 volumes
containing the 26 papers appearing in Physical Review for 11
hicked prizes between 1990 ared 2005, Each year, Thomson 151
predicts three Nohel Prize awardees in physics based on
<itation counts, Ngh impact papars. and discoveries or therms
wearthy of special recogrition. Comect predictions by
Thormson (5] ane highlightad.

Nobel Prizes in Physical Review

Year of Nobel Prize Winners Publication Ye;

(ndcated by Mobel Prize medaks on the right)

@ 2005 Roy J. Glauber. John L. Hall, and Theodar W, Hansch 1943, 97|

& 2004 David ). Gross. H. David Politzer and Frank wilczek 1573
Themson 151 successfully predicted a winner in this year, with the

following paper,

Gross D, Wilczek F. Ultraviolet Behavior of Naon-Abelian Gauge

Theories. Physical Review Letters 30: 1343 & 1973

@ 2003 Anthany | Leggett 1570

# 2002 Raymond Davis Jr., Masatoshi Koshiba, and Riccarde Giaccani 962,196, 1967
@ 2001 Eric A Cornell Wolfgang Ketterle, and Carl EWieman 1955, 1956

@ 1998 Robert B. Laughlin 1982, 1983

@ 1997 Steven Chy andWilliam D Phillips 1985, 1986, 1988
@ 1995 David M. Lee, Douglas D, Osheroff, and Robert C. Richardson 1972

@ 1995 Martin L Perd 19 975

@ 1994 Bertram N. Brockhouse and Clifford G, Shull 1955, 1958

@ 1990 Jerome |, Friedman, Henry W, Kendall, and Richard E Tayor 1969
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I e Forecasting Large Trends in Science
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Maps of Science: Forecasting Large Trends in Science - Richard Klavans, Kevin Boyack - 2007
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Chemical Research & Development

Powers the U.S. Innovation Engine

mic Im

INVESTMENT IN CHEMICAL SCIENCE R&D
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GOVERNMENT
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INDUSTRY FUNDING

$1 Billion

FEDERAL FUNDING

CHEMICAL
INDUSTRY

U.S. ECONOMY

$1B- $1B + $5 Billion
=45 YRS =] == 0.1] YEARS ==fe> 5 YEARS =
RESEARCH . DEVELOPMENT commpanzaion  GHEMICAL INDUSTRY

OPERATING INCOME

b————— 20 YEARS ———1

TIMELINE FROM CONCEPTION
TO COMMERCIALIZATION

The Council for Chemical

Research (CCR)
has provided the U.3. Congress and
governmeant policy makers with
important results regarding the impact
of Federal Ressearch & Development
(R&D) investments on U.S. innovation
and global competitiveness through
its commissioned 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 diract, concise and
clear terms.

The design shows that an input of
S1B in federal investment, leveraged
by $58 industry investrnent, brings
new technologies to market and
results in $108 of operating income
for the chiemical industry, 3408
growth in the Gross National Product
(GNP} and further impacts the US
economy by generating approximately
600,000 jobs, along with a return of
$8E 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
ase 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
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L] Social Sciences L
® o Humanities Connection

DATA 0301106 - 0201107

358,000,000  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

Mare 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. (2008)
Chickstream Data Yields High-Resclution Maps of Science. PLoS ONE 4(3) e4803. doi:10.1371/journal pone 0004803 (Freely avaitable onfine)

CLICKSTREAM MAP
OF 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 porals of
some of the world's most significant publishers, aggregators
and large university consoria, among them Thomsan Scie
{Web of Science), Elsevier {Scopus)
sity of Texas (9 campuses. 6 health insttutions), and Calformia
State University (23 campuses) All usage logs acquired by the
MESUR project contain session identifiers that identify the
indevidual clickstreams of Individual scientists navigating from one
article 1o the next.

Pairs of journals are connected when they have a high
probability of being followed by each other in users’ clickstreams.
The circles reprasant individual joumals. A lina batween two
circles indicates that the ongly connected in either direc-
tion. The colers indicate the scientific domain a journal belongs to
according to their Dewey Decimal and JCR ciassification codes
re mapped into the Getty Research Cenfer's Arts and
tecture Taxonomy (AAT) to allow classifications at varous
leveis of detall. The size of circles corresponds to the strength
(degree centrality) of a journal's connections in th
iz amanged by the Fruchterman-Reingold algorithm tha
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
themseives, e.g. practitioners and laypersons. As a result
praclitioner-driven domains such as nursing, social work, and
tourism studies are prominently featured. The natural sciences
v, the social sciences and humanities emerge as two distinct
clusters that are connected via various specific interdisciplin-
ary spokes. Most domaing 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 commundty, aibeit one that includes non-publishing
scientists and pr ners and a much greater sample of
publications. From SUR's database of 1 billion user ev . We
created @ matrix of 6 million connections between approximately
100,000 seriats. From that malrix we selected only 50,000 con-
nections with the highest number of observations, ranging from

y 40,000 to 170 ob 5. This subset of connec-
tions pertained to the 2. 307 most used joumals. This procedure

[ specific biases which require investigation. This

werefore nol be construed as a final ma cientific
activity, but as a showcase for the feasibiity of fracking scientific
activity fromn usage data. We hape this methodology will provide
unigque insights into the real-time structure of scientific activity as it
can be observed from scholarly clickstreamn data

When we cut th
5 B )
s and hurmaritios (yellow nodes). Som 2
the spokes of the wheel have classifications (colors) that do
ot comespond to their lcation in the mag. This indicates
either that joumal in question is highly interdiscipinary, andfor
has been assigned a classification that does not comespond
to how scientists actually use the particular joumal

tinct

Desgn fayoe by. Jeremy D. Grascon

A Clickstream Map of Science. Johan Bollen, Herbert Van de Sompel, Aric Hagberg,

A. Bettencourt, Ryan Chute, Marko A. Rodriguez, and Lyudmila Balakireva - 2008
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The Human Disease Network
B Cplore online at hitp//dseasome ey

Diseasome - Mathieu Bastian & Sebastien Heymann - 2009
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The interdisciplinarity of a journal can ba
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Science Maps as Visual Interfaces to Digital Libraries
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Map of Scientific Collaborations from 2005-2009

Computed Using Data from Elsevier's Scopus

Stream of Scientific Collaborations Between World Cities - Olivier H. Beauchesne - 2012
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MANGA UNIVERSE

883 Series
62,172 Chapters

1,074,790 Pages

The chitZation of CUITURA] AHACES AN T s Cf S0cial Medin Crentn LNDrOCodsang ORPOTILINIT4S 10F (he STy of visual
Gulture, Bt how can » between sats of designs, or videos which may numbsr
B husndeods of thousands, millions, or billions? n 2007, " iliatis )

at Caifiormia, San and Information (Callt2) to address
hess chatenges.
In fall 2000, wo downloaded all pages of 813 series from the site tor

‘scaniations,” which refer I manga publications that ane digiized and translated by
1,074,750 manga pages. Exch page 18 in the form of 4 JPEG image; average imags o
complete image st is 160 GB.

resuting data set containg
s 150 x 1150 pisels, The

“The map on 1he Rt shOWS 1he COMPste et o CYer oG MIKGN PAJES DFgINized BCCORAING to CONTaSt (Morizontal axis) ard
ainaunt of detail and et {vartical axish

The psges. in the iower left of the map consist of a small number of flat arsas, with minkmum detail and no texture. The pages
‘suated in the top par have lots ages with are o the satreme lof; pages with the
Fiighest contrast are on the sxireme right.

Uy
v R R

In Betwosn the four praphical extrames cormssponding 1o the left, right, top, and bottom sdges of the pages “cloud” we ses
practically infinits graphic varlations. Tha dersity of this map suggests that the concept of tyls ws i is normally used may bacoma
roblemATic when we consier very I8r5e cultural data sets. The CONCREL ARSLMON Ral We C3N PaFiion & s+l of works nla & small
number of disorete categaries. Howsvor, if we find a wery large set of variations with very smail differsnces between them, any
tinrpt b devide this spaee inta desseate slylistic categarion will b arbitrary. 1 s imporiant 1o Beeg in mind that this map saly
haws graphic varistions slong fwo dmenal ing other visual such ?

faces might split chusters.

©ur map aleo shows which graphical chokces ars more commonly used by manga art
and which appsar much mane rarely (boflom and left parts). ¥ you are a baginning ma
atyla, you may want to posiion yourse! in aither botiom or el parts of the mag, which 50 far have nat been explared by oihes
artists. To se4 other visualizations and read papars about the one meon manga pages project, vis www softwarestudies.com.
Crodita: Loy Manovich, Jay Chow.

the central part of the cloud of pages)

Manga Uniperse - Lev Manovich and Jay Chow - 2012
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The Khan Academy is an organization with the goal of chang-
ing education for the better by providing a free world-class
education to anyone anywhere. It doesn't matter if you are a
student, teacher, home-schooler, principal, adult returning to
the classroom after 20 years, or a friendly alien just trying to
getaleg upin earthly biology. The Khan Academy's materials
and resources are available to you completely free of charge.
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Khan Academy Library Overview - Benjamin Wiederkehr and Jérome Cukier - 2012



Science Maps Showing Trends and Dynamics
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Pulse of the Nation: U.S. Mood Variations Inferred From Twitter

All times are Eastern Standard Time (EST)

Mood Variations

A number of interesting trends can be observed in the data.
First, overall daily variations can be seen (first graph), with
the early morning and late evening having the highest level
of Second, geographic variations can be observed o

{second graph), with a significantly happier west coast that eanst

is consistently three hours behind the east coast = %0 200 1800 ¥ 01 0600 1200 1800

Time of Day (EST) Time of Day (EST)

=

Chigher is happier)

Weekly Variations

Weekly trends can be observed
as well. with weekends much
happier than weekdays.

(nigher is happier)

Sunday Monday Tuesday Wedneday Thursday Saturday

About the Data and Visualization

The plots were calculated using over 300 million tweets (Sep 2006 — Aug 2009) collected by MPI-SWS researchers, represented as preserving cartograms. The mood of each tweet was
inferred using ANEW word list (Bradley, M.M., & Lang, P.J. Affective norms for English words (ANEW): Stimuli, instruction manual and affective ratings. T. Technical report C-1, The Center for Research
in Psychophysiology, University of Florida). County area data was taken from the U.S. Census Bureau at http://factfindercensus.gov, and the base U.S. map was taken from Wikimedia Commons. User
locations were inferred using the Google Maps AP). and mapped into counties using Post@lS and U.S. county maps from the U.S. National Atlas. Mood colors were selected using Color Brewer 2

About Cartograms

A cartogram is a map inwhich the mapping variable (in this case, the
number of tweets) is substituted for the true land area. Thus, the
geometry of the actual map is altered so that the shape of each region
is maintained as much as possible, but the area is scaled in order to
be proportional to the number of tweets that originate in that region.
The result is a density-equalizing map. The cartograms in this work
were generated using the Cart software by Mark E. J. Newman.

Northeastern University HARVARD UNIVERSITY®
College of Computer and Information Science®
Center for Complex Network Research

httpffwww.ccs neu.edufhomefamislove/twittermood © 2010 Alan Mislove’, Sune Lehmann, Yong-Yeol Ann', Jukka-Pekka Onngla’, J. Niels Rosenquist®

14:00 _ 13:00

Pulse of the Nation - Alan Mislove, Sune Lehmann, Yong-Yeol Ahn, Jukka-Pekka Onnela,
and James Niels Rosenquist - 2010




Who Really Matters in the World

LEADERSHIP NETWORKS IN DIFFERENT-LANGUAGE WIKIPEDIAS

CHINESE 2011

Threshold of 30 GERMAN 2011

Threshold of 150

FRENCH 2011
Threshold of 250

JAPANESE 2011
Threshold of 150

# of Living

Shawn are the networks of living peaple and their friendship, business, and animosity links. Color  Language, Year People Articles  # of Articles  Ratio
from eight diff ki Network nodes, geospatial regions in B Engih, 2002 3409 109,000 303%
which the languages are spoken, and the tabular listing of the number of living people in z z - vl
English, 2005 38996 464,000 8.40%
2011 are color-coded. The networks show living people interconnection for eight different [— ¢ '
languages. Because the size of the complete netwarks was tgo large, different thresholds I English, 2007 198058 A.600000 -azome
were applied (see numbers on map). Native language names and English translations are B English, 2009 348,552 1291%
listed for key people nodes. Different networks have rather different global and local struc [ ] English, 2011 467,340 3,500,000 13.35%
tures revealing the (disjconnectedness of politicians, musicians, athletes, and others. The - German, 2011 194,043 1,200,000 16.2%
ARABIC 2011 lower five figures showcase the evolution of the English netwark between 2003-2011. For - = e ;‘011 ) 100000 T
Threshold of 10 example, the U.S. President Barack Obama node becomes dominant when he is elected in B French,2 ol e et
2008 and shows a major increase in importance in 2011, providing a near real-time window I | Japanese, 201 102,082 742,000 13.8%
into current history and culture through the lens of Wikipedians. | 1 Spanish, 2011 41,827 728,000 5.7%
[ | Chinese, 2011 23,963 339,000 1% £
Largest node: Median node: Smallest node:
8 R ! Bl Korean, 2011 5379 158,000 3.4% SPANISH 2011
3 240 I I n kS 15532 links = B Arabic, 201 15,921 17Ld 9.27% Threshold of 50

KOREAN 2011
Threshold of 10

ENGLISH 2003 ENGLISH 2005 ENGLISH 2007 ENGLISH 2009 ENGLISH 2011
Threshold of 10 Threshold of 30 Threshold of 300 Threshold of 500 Threshold of 500

Who Really Matters in the World—I eadership Networks in Different-1anguage Wikipedias
Peter A. Gloor, Keiichi Nemoto, Samuel T. Mills, and David E. Polley - 2013



Visit us on Facebook!
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n Places & Spaces: Mapping Science Home Samuel @& %

The 9th Iteration
is Coming Soon!

Curators, mapmakers and

The 9th iteration is devoted to science maps that show general trends and patterns in sclence and technology (5&T) and predict future
developments of S&T. Micro to macro studies using quantitative and/or gualitative data were welcome, and mixed methods
approaches were encouraged. Shown here: detail of John Nelson's Hurricanes & Tropical Starms: Locations & Intensities since 1851.

Places & Spaces: Mapping Update Page Info @ | v Liked | [ # ~ |
Science

508 likes - 7 talking about this

Become a fan and see many great photos of the exhibit—
plus find out when it’s coming to a venue near you!

facebook.com/mappingscience



The Future of Science Mapping 2014
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# cutbreaks ¥ wamnings ¥ international significance

Diseases (127) %

® Al diseases

| Locations (221 T
Al locations.
Bangladesh @ Bolvia @ Brazil @ Cambodis @ Camercon @ Colombia @
DR Congo @ Ecuador @ Equatorial Guinca @ Cobon @ India @ Laos @
Malaysia® Mexico® Peru@® Republic of Congo @ Rwanda @ Tanzania @
Thatand @ Uganda @ Venoruela @ Vietnarn
Sources b

B Al sources

Species &
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¥ PREDICT Countries

¥ Hotspot Layer

Global distribution of relative risk of an emerging
infectious disease event a5 adapted from Jones, Patel,
et al. Global trends In emerging infectious diseases.
Nature 451, 990-993, 21 February 2008,

Data Layer
*actual location of sampling may be scaled to the
District level, for conservation and privacy reéasons.

x Sites are aggregated for display feach number
Activity Index L) indicates aggregated site count). Click to disaggregate
PRE DICT and zoom,
Map Style low

2 PREDICT Animal Sampling Data
HealthMap ¥ Show labels ¥ High contrast { [ ]

) PREDICT Preliminary Test Results
® HealthMap Alerts for PREDICT regions

)

Eeotlealth  #55 METABIOTA ‘e:;? g @ @

Institution

Use the original online tool at healthmap.org/predict SVUSAID 1V e

PREDICT: HealthMap - John Brownstein, Damien Joly, William Karesh, Peter Daszak, Nathan Wolfe, Tracey
Goldstein, Susan Aman, Clark Freifeld, Sumiko Mekaru, Tammie O'Rourke, Stephen Morse, Christine Kreuder
Johnson, Jonna Mazet, and the PREDICT Consortium - 2014
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citation and textual similarity.

Exploring the Relationships Between
a Map of Altruism ana a Map of Science

How is altruism related to science? Altruism is about individual selfless intentions. Science is about discovery and problem solving. On the surface these two facets of society may seem unrelated. In reality they may be strongly linked.
Altruistic missions explain historical (and may predict future) patterns of scientific investments. The map of altruism (left) represents altruistic missions, and displays the relative positions of nearly 100,000 non-profit organizations (NPOs)
in the United States based on mission-related text from their websites. This map of altruism reveals the issues that we care most about as a society: Culture, Sports, Education, Religion, Community, Citizenship, and Caring. The map of sci-
ence (right) represents decades of funded research in the natural and medical sciences, engineering, technology, social sciences and humanities. It displays over 43,000,000 documents that are grouped together using a combination of

These two maps are shown side-by-side to illustrate how the altruistic intentions of a society correlate with where we focus our discovery and problem solving efforts. The map of science has been divided into four major areas, shown
in four different colors. NPOs whose National Taxonomy of Exempt Entities (NTEE) codes indicate that they explicitly fund scientific activities in these four areas are correspondingly colored in the map of altruism. Altruistic missions asso-
ciated with these four areas are considered in more detail below, along with projections of how altruistic missions not currently associated with funding of scientific research might benefit from such funding in the future.

Sports

Education

Environment . gl Community

Innovation
& Finance

Political
Issuas

Families
at Risk

Caring

Disability

Disease

Citizenship is linked to Physics, Chemistry, Engineering and Computer Science.
The specific aspect of Citizenship active here is the belief that funding should be
provided for entrepreneurship and innovation so that the economy can flourish.
The funding of science-based innovation from governments and NPOs is reason-
ably mature and is expected to remain high.

Caring is the basis for funding medical research. The aspects of Caring vary, and in-
clude curing of disease, providing opportunities for the disabled, and the treat-
ment of mental health issues. A scientific understanding of these issues has been
well funded by individuals, e.g., through donations to NPOs; and through govern-
ment funding, e.g., the National Institutes of Health.

All Seven Aspects of Altruism are potentially important for childhood develop-
ment. Scientific research related to this topicis currently focused on social issues, e.g.,
risk factors, and Education. The altruism map raises an interesting question: Is this the
right balance, or should more scientific attention be paid to childhood development
in other areas, such as Culture, Community, Sports, and Citizenship? Time will tell.

Historical

Future

Physics

Computer
Science

.

Citizenship is a major factor in the funding of the Social Sciences. The specific
aspect of Citizenship active here is aligned with the belief that rational analysis
and the scientific method can contribute to the resolution of political issues.
‘Think tanks' are examples of non-profit organizations that are funded from this
altruistic motive.

Culture and Citizenship contribute to the funding of environmental research.
Culture supports that aspect of environmental research that is more concerned with
the preservation of our planet for the future enjoyment of our children. Citizenship
supports the research focusing on innovative solutions and political tradeoffs which
arise from the toxic consequences of current practices.

Community is an important altruistic mission that represents a potential funding
opportunity. We know very little about how different communities (geographical,
professional, social, etc.) have evolved in terms of providing altruistic services to
their members. There are lessons to be learned from how communities variously
emphasize Culture, Sports, Education, Religion, Care, or Civic responsibility.

and Kevin W. Boyack - 2014

Exploring the Relationships between a Map of Altruism and a Map of Science - Richard Klavans
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http://scimaps.org/
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Microscopes & Telescopes vs. MACROSCOPES

The Infinitely Great i, Galaxies

Telescope
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Visualize
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@ MACROSCOPES FOR INTERACTING WITH SCIENCE

AcademyScope Mapping Global Society Charting Culture

loring the scientific landscay Local news from a global perspective 2,800 years of human history in & minutes

Iteration XI (2015): Macroscopes for Interacting with Science
http://scimaps.org/iteration/11







THE NATIONAL ACADEMIES PRESS D Top downloads

@ Agriculture

Top downloads
@ Behavioral and Social Sciences

@ Biography and Autobiography

. Biology and Life Sciences

@ Computers and Information Technology
. Conflict and Security Issues

@ Earth Sciences

Education

Energy and Energy Conservation
Engineering and Technology
Environment and Environmental Studies
Explore Science

Food and MNutrition

® ®© 0 60 &

@ Health and Medicine

@ Industry and Labor

@ Wath, Chemistry and Physics

@ Policy for Science and Technology

@ space and Aeronautics

@ Transportation

opic=282

AcademyS cope — National Academy of the Sciences & CNS



The News Co-occurrence Globe L ™ AR 0 CNCDOM SEREE

| ;
An interactive visualization of how countries are mentioned together in the world's news media |' - ABOUT
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Mapping Global Society —Kalev Leetaru



4 » Make Sense of Science

Smelly Maps HathiTrust Excellence Networks FleetMon Explorer

Charting urban smellscapes Storehouse of knowledge Publish or perish together Tracking the seven seas

Iteration XII (2016): Macroscopes for Making Sense of Science
http://scimaps.org/iteration/12




Four new macroscopes debut at Vanderbilt University:

1. Smelly Maps: Features a “smellscape” of 12 cities mapped by smell
using social media

2. HathiTrust: Highlights the diversity of publications collected in
digital form by HathiTrust.

3. Excellence Networks: Compares how research institutions, such
as Indiana and Vanderbilt universities, collaborate with one another.

4. FleetMon: Shows how the amount of shipping traffic that
navigates the Strait of Malacca compared to other major shipping
lanes of the world.

http://scimaps.org/vanderbilt



A visitor explores the macroscope kiosk at the Eskenazi Museum of Art at Indiana University.

Call for Macroscope Tools for the Places & Spaces: Mapping Science
Exhibit (2017) http://scimaps.org/call

Background and Goals

The Places & Spaces: Mapping Science exhibit is designed to open people’s hearts and minds to the value, complexity, and beauty
of maps of science and technology.

Drawing from across cultures and across scholarly disciplines, the Places & Spaces: Mapping Science exhibit demonstrates the 78


http://scimaps.org/call
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http://vw.indiana.edu/places&spaces/nypl/nyplopening/nyplopening-Pages/Image6.html
http://vw.indiana.edu/places&spaces/nypl/nyplopening/nyplopening-Pages/Image4.html
http://vw.indiana.edu/places&spaces/nypl/nyplopening/nyplopening-Pages/Image14.html
http://vw.indiana.edu/places&spaces/nypl/nyplopening/nyplopening-Pages/Image12.html




@ IVMOOC 2017

Register for free: http://ivmooc.cns.iu.edu. Class started Jan 10, 2017.



http://ivmooc.cns.iu.edu/
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The Information Visualization MOOC

ivmooc.cns.iu.edu
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Presenter
Presentation Notes
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Presenter
Presentation Notes
There exist MANY visualizations. 


How to Classify Different Visualizations?

T
i't

By
e User insight needs?
e User task types?

e Data to be visualized?
e Data transformation?

e Visualization technique? -
e Visual mapping transformation?

e Interaction techniques?
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Presenter
Presentation Notes
Science often begins by grouping things. 
Zoologists classify animals so that tigers, lions, and jaguars end up in the family of “big cats”. 
Mendelejev grouped chemical elements in the periodic table according to chemical properties and atomic weights.
Also important for design and interpretation 


Different Question Types

Terabytes of data

Descriptive &
Predictive
Models

Find collaborators, friends

@ science

e [ | e | | e |
|dentify trends

85


Presenter
Presentation Notes
Taking an engineering approach and 
Believing that anyone can be taught to design meaningful visualizations 

Different Qs – where, with whom, when


Different Levels of Abstraction/Analysis

Macro/Global
Population Level

Meso/Local
Group Level

Micro
Individual Level

86


Presenter
Presentation Notes
Multi-level system, different data, approaches, dynamics, questions, 


Tasks

TYPES

LEVELS

MICRO: Individual Level
about 1-1,000 records
page 6

MESO: Local Level
about 1,001-100,000 records
page 8

MACRO: Global Level
more than 100,000 records
page 10

e Ll

Statistical Analysis
page 44

WHEN:
Temporal Analysis
page 48

WHERE:
Geospatial Analysis
page 52

WHAT:
Topical Analysis
page 56

e Ty
Technology

bedse Rasearchinm

WITH WHOM:
MNetwork Analysis
page 60
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Needs-Driven Workflow Design

DEPLOY
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- <€
t b Interpretation
Stakeholders Visually
encode
l data
Types and levels of analysis determine I
data, algorithms & parameters, and Overlay
deployment data
Select
visualiz.
Data % —*% — type
READ ANALYZE VISUALIZE



Presenter
Presentation Notes
Focus on Visualization

Q type – when where 
Q level – micro to macro
Read = download, survey
Analyze = preprocess (annotate, clean, interlink, unify names, extract networks)
Iterative refinement


Needs-Driven Workflow Design

' Validation

: €

t } A Interpretation
¥t LR -

Stakeholders

DEPLOY

Visually
encode
l data
Types and levels of analysis determine I
data, algorithms & parameters, and Overlay
deployment data
Select
visualiz.
Data % —_—> % — type
READ ANALYZE VISUALIZE


Presenter
Presentation Notes
Focus on Visualization

Q type – when where 
Q level – micro to macro
Read = download, survey
Analyze = preprocess (annotate, clean, interlink, unify names, extract networks)
Iterative refinement


IVMOOC App — More than 60 visualizations

The “IVMOOC Flashcards” app can be downloaded from Google

Play and Apple iOS stores.

h/ Google Play ivmooc

IVMOOC Flashcards

Studio Cypher Education

€ Everyone

Information Visualization MOOC Flashcards
ivmooc.cns.iu.edu

C cture for
c N S ce Center
ns.

IVMOOQOC Flashcards

Studio Cypher Education

€ Everyone

IVMOOC

(B N [N ) O [ [ [ [ e
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Presenter
Presentation Notes
The same structure for each Chapter supports easy lookup of facts.
But also analogy between different vis.


Visualization Framework

Insight Need Types
page 26

» categorize/cluster
- order/rank/sort
- distributions
{al=o outliers, gaps)
= COMParsons
- trends
{process and time)
- geospatial
» COMmpositions
(also of text)
- correlations/relationships

Data Scale Types
page 28

« nominal
- ordinal
- interval
- ratio

Visualization Types
page 30

« table

- chart

- graph

- map

« network layout

Graphic Symbol Types
page 32
» geometric symbols
point
line
area
surface
volume
- linguistic symbols
text
numerals
punctuation marks
» pictorial symbols
images
icons
statistical glyphs

Graphic Variable Types
page 34
- spatial
position
- retinal
form
color
optics
motion

Interaction Types
page 26

« overview

- ZOOM

- search and locate

- filter

- details-on-demand
- history

- extract

= link and brush

» projection

- distortion


Presenter
Presentation Notes
Focus on Visualization

Q type – when where 
Q level – micro to macro
Read = download, survey
Analyze = preprocess (annotate, clean, interlink, unify names, extract networks)
Iterative refinement


Visualization Framework

Basic Task Types
Bertin, 1967 Wehrend

selection

order

quantity

association

& Lewis,
1996

categorize
rank

distribution

compare

correlate

Few, 2004

ranking

distribution

nominal
comparison
& deviation

time series
geospatial

part-to-
whole

correlation

Yau, 2011

differences

patterns
over time

spatial
relations

proportions

relationships

Rendgen &  Frankel,
Wiedemann, 2012
2012
category
compare
and
contrast
fime process
and time
location
form and
structure
hierarchy

Tool: Many
Eyes

compare
data values

track rises
and falls
overtime

generate
maps

see parts
of whole,
analyze text

relations
between
data points

Tool: Chart
Chooser

table

distribution

comparison

trend

composition

relationship

Borner,
2014

categorize/
Cluster

order/rank/
sort

distributions
(also outliers,

gaps)
comparisons

trends
(process and
time)

geospatial

compositions
(also of text)

correlations/
relationships
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Visualization Framework

Insight Need Types
page 26
« categorize/cluster
- orderfrank/sort
- distributions

(also outliers, gaps)
= COMParisons
- trends

{process and time)
- geospatial
= COMpositions
(also of text)
- correlations/relationships

Data Scale Types
page 28
« neminal
- ordinal

- interval
- ratio

Visualization Types
page 30

« table

- chart

- graph

- map

« network layout

Graphic Symbol Types
page 32
= geometric symbols
point
line
ares
surface
volume
- linguistic symbols
text
numerals
punctuation marks
= pictorial symbols
images
icons
statistical glyphs

Graphic Variable Types | Interaction Types

page 34

- spatial
position

- retinal
form
color
optics
miotion

page 26

= OvENViEW

- ZOOM

= search and locate

- filter

- details-on-demand
- history

- extract

= link and brush

= projection

- distortion


Presenter
Presentation Notes
Focus on Visualization

Q type – when where 
Q level – micro to macro
Read = download, survey
Analyze = preprocess (annotate, clean, interlink, unify names, extract networks)
Iterative refinement


Graphic Variable Types Versus Graphic Symbol Types

Geometric Symbols

Point

Line

B

Area
| L
X

Ak . | / | a
quantitative ! . J T .‘ p
= Lo NA (Not Applicable) | I I I I = = B . .
- == Ul te s e
- = /s _mas e
2 Curvatura [ uantitative
o . C C CPBD DO
B Angle guantitative
| = VL LLP2D DO
dlo quantitative
" cCcCcCcoOr>D DO
vl [t s e 00000 | _
| e | quavaive |
2 e o 00 0 08 0 ° e | | | _ l
saturat [zt ® o0 00 00 | _
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Graphic Variable Types Versus Graphic Symbol Types
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Load One File and Run Many Analyses and Visualizations

Times Publication
Cited Year
12 2011
18 2010
13 2010

City of Publisher Country Journal Title Title Subject Category Authors
(Full)
NEW YORK USA COMMUNICATI Plug-and-Play Macroscopes Computer Science Borner, K
ONS OF THE
ACM
MALDEN USA CTS-CLINICAL Advancing the Science of  Research & Falk-Krzesinski, HJ| Borner,
AND Team Science Experimental K|Contractor, N|Fiore, SM|Hall,
TRANSLATIONA Medicine KL|Keyton, J|Spring, B|Stokols,
L SCIENCE D|Trochim, W|Uzzi, B
WASHINGTON USA SCIENCE A Multi-Level Systems Cell Biology Borner, K| Contractor, N | Falk-
TRANSLATIONA Perspective for the Science |Research & Krzesinski, HJ | Fiore, SM|Hall,
L MEDICINE of Team Science Experimental KL|Keyton, J|Spring, B|Stokols,
Medicine D|Trochim, W|Uzzi, B

Statistical Analysis—p. 44

Location Count | £Citations
Netherlands 13 292
United States 9 38
Germany n I8
United Kingdom 1 2

Temporal Burst Analysis—p. 48 Geospatial Analysis—p. 52

Geospatial Analysis—p. 52

™
et
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Load One File and Run Many Analyses and Visualizations

Times
Cited
12

18

13

e A

(¢ ¥

-

Publication  City of Publisher Country Journal Title Title Subject Category Authors
Year (Full)
2011 NEW YORK USA COMMUNICATI Plug-and-Play Macroscopes Computer Science Borner, K
ONS OF THE
ACM
2010 MALDEN USA CTS-CLINICAL Advancing the Science of  Research & Falk-Krzesinski, HJ| Borner,
AND Team Science Experimental K|Contractor, N|Fiore, SM|Hall,
TRANSLATIONA Medicine KL|Keyton, J|Spring, B|Stokols,
L SCIENCE D|Trochim, W|Uzzi, B
2010 WASHINGTON USA SCIENCE A Multi-Level Systems Cell Biology Borner, K| Contractor, N | Falk-
TRANSLATIONA Perspective for the Science |Research & Krzesinski, HJ | Fiore, SM|Hall,
L MEDICINE of Team Science Experimental KL|Keyton, J|Spring, B|Stokols,
Medicine D|Trochim, W|Uzzi, B
Topical Analysis—p. 56 Paper Citation Network—p. 60 Bi-Modal Network—p. 60
T e = Co-author and
&nn 2007, e B ik 5, 141 :‘a. :: ma ny Ot h er
5ol ¥ ﬁ" s = bi-modal networks.




Course Schedule

Part 1: Theory and Hands-On

e Session 1 - Workflow Design and Visualization Framework
e Session 2 — “When:” Temporal Data

e Session 3 — “Where:” Geospatial Data
e Session 4 — “What:” Topical Data
Mid-Term

e Session5— “With Whom:” Trees

e Session 6 — “With Whom:” Networks
e Session 7 — Dynamic Visualizations and Deployment
Final Exam

Part 2: Students work in teams on client projects.

Final grade is based on Homework and Quizzes (10%), Midterm (20%), Final
(30%), Client Project (30%), and Class Participation (10%).
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The IVMOOC Companion Textbook

This textbook offers a gentle
introduction to the design of (A1 BORNER & DAVID E. POLLEY

insightful visualizations. It I—
seamlessly blends theory and \/‘ S UA
practice, giving readers both the

theoretical foundation and the N SI G HTS

practical skills necessary to render
data into insights.

The book accompanies the
Information Visualization MOOC
that attracted students, scholars,
and practitioners from many fields
of science and more than 100
different countries.

cns.iu.edu/ivmoocbookl4.html
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f MAP OF SCIENCE: FORECASTING
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Home Agenda Confirmed Speakers Organizers & Advisors Venue Register Contact

Government, academic, and
iIndustry leaders discussed

Modeling Science, Technology & challenges and opportunities

Innovation Conference associated with using big data,
WASHINGTON D.C. | MAY 17-18, 2016 V|Sua| analytICS, and

computational models in STI
decision-making.

Conference slides, recordings,
and report are available via
http://modsti.cns.iu.edu/report


http://modsti.cns.iu.edu/report

) NATIONAL ACADEMY OF SCIENCES

ABOUT THE NAS MEMBERSHIP PROGRAMS PUBLICATIONS MEMBER LOGIN

All Upcoming Colloquia

PROGRAMS
Arthur M. Sackler

COLLOQUIA

Awards

Koshland Science Museum

Cultural Programs Upcoming Colloquia
Sackier & olioquia Unless otherwise indicated, most Sackler colloquia are held at the Amold and Mabel Beckman Center, in Irvine, California.

» About Sackler Colloquia — :
Reproducibility of Research: Issues and Proposed Remedies

E ]

Upcoming Colloquia March 8-10, 2017; Washington, D.C.

Organized by David B. Allison, Richard Shiffrin and Victoria Stodden

miComplaid Collaghi Registration now open

Video Gallery
Science of Science Communication IIT

Connect with Sackler

§ November 15-16, 2017; Washington, D.C.
Colloguia

Organized by Karen Cook, Baruch Fischhoff, Alan I. Leshner and Dietram A. Scheufele
Registration will open May 2017

Give to Sackler Colloquia

Kavi Erontiers o Scienca Modelling and Visualizing Science and Technology Developments

December 4-5, 2017; Irvine, CA
Organized by Katy Borner, William Rouse and H. Eugene Stanley
Registration will open August 2017

Distinctive Voices

http://www.nasonline.org/programs/sackler-colloquia/upcoming-colloquia
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Cyberintastructure for
| CNS W Bt
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Cyberinfrastructure for - :
C NS Network Science Center Search f & B

About Us Research Development Teaching Outreach Videos vents Connect With Us

We work closely with
clients to provide
custom-made data,
visualization, and
software solutions

B Research B Upcoming Events
- —= Open Data and Open Put your money filad Katy Borner attends
Code for Big Science where your citations 1 PIUG 2013 Northeast
of Science Studies are: a proposal for a Conference
new fundmg system 10.13  Katy Barner presents Mapping
(website accessed Science Exhibit at WSSF

9/05/13
) 10.15 Ted Polley & Google Team

B Development
present VMOOC at EDUCAUSE

& Behind the scenes of ~7 See some of the most

10.22 Katy Barner presents at the

the design and fascinating data CGELOD 15 Years Conference
development of .| visualizations
AcademyScope in the world.
B3 Our Products
S/~ Watch Katy Borner's Successful IVMOOC < s We work closely with
full presentation from will be offered again ( ) clients to provide
TEDxBloomington . inJanuary of 2014 custom-made data,

visualization, and
software solutions

All papers, maps, tools, talks, press are linked from http://cns.iu.edu
These slides are at http://cns.iu.edu/presentations.html

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