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I.1 Cosmographia World Map — Claudius Ptolemy - 1482




(s
ML

rel

|

14 ) ‘

E NovVVM BELGIVM/BIEES. ~—  Ssg ™m0 F .
I

Fall

2

A e s

e

=

TRt

X

5]

]

2 ) e i et e 5T

o o i e e e

T T F T T
e s = o e o i & ==

1
i
o [E£2
J b
v h
172 b
I
i - |k
<8 J
‘A
| h
y
il
|
1 "hl
== 1

I.2 Nova Anglia, Novvm Belgivm et Virginia — Johannes Janssonius - 1642



A New Map ofthe WHOLE P ¥ WORL D with the Trade winds
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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- sensery processing
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 ﬂmmm, O smal Wedd
predictions. Nor is it comparable to modern navigation st © ritensi e
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 developing 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
influenced by them. Some of these wider trends sur-
round the map to remind us of the larger picture.
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MAP THEMES

After 20 years of basic research and development at the 100-
nanometer scale, the importance of nanetechnology as 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
phenamena—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 also 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.

ightweight 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-
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

Democratized Innovation

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.

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 disciplines—biclogists 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 models 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.

[11.5 Science & Technology Outlook: 2005-2055 — Marina Gorbis, Jean Hagan, Alex Soojung-Kim Pang, and David Pescovitz - 2006



Examining the Evolution & Distribution of Patent Classifications

Managing Growing Patent Portfolios

Organizations, businesses, and individuals rely on patents to protect thair
intellectual property and business models. As market competition increases,
patenting innovation and intellectual property rights becomes ever mare
important.

Managing the staggering number of patents demands new tools and
methodologies. Grouping patents by their classifications offers an ideal
resolution for better understanding how intellectual borders are established
and change over time.

The charts below show the annual number of patents granted from January 1,
1976 to December 31, 2002 in the United States Patent and Trademark Offica
(USPTO) patent archive; slow and fast growing patent classes; the top 10 fast
growing patent subclasses; and two evolving patent portfolios.
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The Structure and Evoelution of the Patent Space

The United States Patent and Trademark Office assigns each patent to one of
more than 450 classes covering broad application domains. For example,
class 514 encompasses all patents dealing with 'Drug, Bio-Affecting and Body
Treating Compositions.' Classes are further broken down by subclasses that
have hierarchical associations. As one example, class 455 features subclass
99 entitled "with vehicle."

The top 10 fast growing patent classes for 1998~2002 are listed together with
the number of patents granted. Most come from the ‘Computer and
Communications’ and the ‘Drugs and Medical’ area.
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The evolving hierarchic

| structure of patent classes and their sizes is represented using

treemaps, a space-filling visualization technique developed by Ben Shneiderman at the

University of Maryland. A treemap presents a hierarchy as a collection of nested

rectangies —demarcating a parent-child relationship between nodes by nesting the child
within the parent rectangle. The size and color of each rectangle represant certain

attributes of the nodes.

Here, each rectangle represents a class and the area size denotes the total number of
patents in that class. The rectangle's color corresponds to percentage increasa (green) or
decrease (red) in the number of patents granted in that class from the previous intarval

Class Title # of Patents
514 Drug, Bio-Affecting and Body Treating Compasitions 18,778
438 Semiconductor Device Manufacturing:Process 17,775
435 Chemistry: Molecular Bickogy and Microbiclogy 17,474
424 Drug, Bio-Affecting and Body Treating Compositions 13,637
428 Stock Material or Miscellanecus Articles 13,314
257 Active Solbid-Stale Devices {e.g., Transistors, Solid-State Diodes) 12,924
395 Information Procassing Systern Organization 9,955
345 Computer Graphics Precessing, Cperator Interface Processing, 9,510

and Selectve Visual Display Systems

359 Optical: Systems and Elements 9,151
365 Static Information Storage and Retneval 8,392

Total 130,910

ol

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 assignes 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 Comy gle

Apple Computer, Inc.'s portfolio starts in 1980 and increases considerably in size over time, In most years,
Zompute i

more than hall of Apple
Processing System Organizath 5 Computer Graph
Selective Visual Display Sy ,' ‘382 Image Analy:
Management or Dala Structures,” These four classes are an integral part of Apple
Computer, Inc.’s patent portfolio, receiving patents every year,

patent filings were pl
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The patent portfolio of Jerome Lemelson shows a very different

activity pattern. Starting in 1876, he

publishes between 6—20 patents each yvear. However, the predominance of yellow shows that there is

little contin
dominates, Instead, more and more new intellectual space Is claimed.

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

IV.5 Examining the Evolution & Distribution of Patent Classifications - Daniel O. Kutz, Katy Borner, and Elisha F. Hardy - 2004
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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 LS. dollars. Their color corresponds to ten
product groups identified using the Leamer classification. Each product class
is labeled by an icon. Link color and width indicate the frequency of joint
exports.
Economic Footprint
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.

B Indicate Relevant Exports

Industrialized Countries

[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
amore 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.

IV.7 The Product Space - César A. Hidalgo, Bailey Klinger, Albert-Laszl6 Barabasi, Ricardo Hausmann - 2007



The EMERGEI\ﬁﬁﬁ

MAPPING THE NANO REVOLUTION

The emergence of nanotechnology has been
one of the major scientific-technological
revolutions in the last decade and it led to a
structural reorganization of major fields of
science. Price (1965) showed that fields of
science and their development can be mapped
using aggregated citations among the journals
in the fields and their relevant environments.
The frames to the right show the evolving
journal citation network for the years 1998-2003.
Distances are proportional to cosine values
between the citation patterns of the respective
journals. Textual descriptions of key events
during the development of Nanotechnology
are given below each frame. Most notably,
leading papers in Science and Nature
catalyzed the breakthrough around 2000.

CHANGING ROLES OF
DIFFERENT JOURNALS

The interdisciplinarity of a journal can be
measured using betweenness centrality
(BC)—journals that occur on many shortest
paths between other journals in a network have
higher BC value than those that do not. In the
maps, sizes of nodes are proportional to the
betweenness centrality of the respective
journal in the citation network.

From being a specialist journal in applied
physics, the journal Nanotechnology obtains a
high BC value in the years of the transition, ca.
2001. This is preceded by the “intervention” of
Science. After the transition, the new field of
nanotechnology is established, new journals
such as Nano Letters published by the influential
American Chemical Society take the lead, and
a new specialty structure with low BC value
journals results.

Betweenness Centrality

T T T
1937 1996 1999 2000

An animated sequence of this evolution is at:
http:/fiwww.leydesdorff.net/journals/nanotech.
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a Nanotechnology

During the period 1996-2000, =

the journal Nanotechnology:
is part of a group of journals
in applied physics.

LEGEND

Science

Nature
Nanotechnolegy
Nano Letters

Increasingly, chemistry journals
play a role in the citation impact
environment of the journal
Nanotechnology.

Values

T, 0.8
| 022
- 033

The journal Science is relevant in the
citation impact environment, but now
functions as one of the specialist journals
in nanotechnology. Nanoscience further
develops as an increasingly integrated
network of journals.

V1.8 The Emergence of Nan

OTECHNOLOGY

MNanotechnology

e i
/

The'journal Science interfaces
with relevant journals in both
sets: chemistry and applied

/ physics. Nanotechnology

" emerges as core journal.

MNanotechnology

Nature *

. Manotechnology

The journal Nanotechnology
now provides the interface
between chemistry and physics.
The "intervention” by Science is
no longer needed.

Other journals in nanoscience and technology begin to emerge,
and the bridging role of the journal Nanotechnology gradually
subsides. Nano Letters and the Journal of Nanoscience and
Nanotechnolegy join the new field of nanctechnology.

science & Technology - Loet Leydesdorff - 20




Chemical Research & Development

Powers the U.S. Innovation Engine

omic Implications of Pu d Pri 3&D Iny nts | emical €

INVESTMENT IN CHEMICAL SCIENCE R&D

FEDERAL
GOVERNMENT

PR
$1 Billion T

FEDERAL FUNDING
N

$8 Billion

TAXES

$5 Billion

INDUSTRY FUNDING

CHEMICAL
INDUSTRY

&

$1B- $1B + $5Billion »

—4-5 YR5— F——%11 YEARS ———> 5 YEARS—
FOUNDATIONAL  INVENTION TECHNOLOGY
RESEARCH DEVELOPMENT COMMERCIALIZATION

———— 20 YEARS

TIMELINE FROM CONCEPTION
TO COMMERCIALIZATION

CHEMICAL INDUSTRY
OPERATING INCOME

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 an LS. 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 direct, concise, and
clear terms.

The design shows that an input of
$1B in federal investment, leveraged
by $5B in industry investment, brings
new technologies to market and
results in $10B of operating income
for the chemical industry, $40B of
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 mag to the left. This
map clearly shows the two R&D
investment cycles; the shorter
industry investment at the innovaticn
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 in
tax base that in turn is available for
investment in basic research

V.6 Chemical R&D Powers the U.S. Innovation Engine - The Council for Chemical Research - 2009
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Check out our Zoom Maps online!
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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
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Data Visualization Literacy:
Terminology & Visualization Framework

Theoretically grounded visualization framework aims to define key terminology

and processes together with valid workflows and data mappings.




Data Visualization Literacy

Data visualization literacy (ability to read, make, and explain data
visualizations) requires

e Jiteracy (ability to read and write text, e.g., in titles, axis labels,
legend),

e visual literacy (ability to find, interpret, evaluate, use, and create
images and visual media), and

e data literacy (ability to read, create, and communicate data).

15



Data Visualization Literacy

Is rather low: Most science museum visitors in the US cannot name, read, or
interpret common data visualizations.
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Bérner, Katy, Joe E. Heimlich, Russell Balliet, and Adam V. Maltese. 2015. Investigating aspects of
data visualization literacy using 20 information visualizations and 273 science museum visitors.
Information Visualization 1-16. http://cns.iu.edu/docs/publications/2015-borner-investigating.pdf



http://cns.iu.edu/docs/publications/2015-borner-investigating.pdf

Places & Spaces: Mapping Science Exhibit, online at http://scimaps.org


http://scimaps.org/

How to Classify (Name & Make) Different Visualizations?

By
e User insight needs?
e User task types?

e Data to be visualized?
e Data transformation?

e Visualization technique? - —
e Visual mapping transformation? é DS " T
e Interaction techniques? _:‘

e Or?

18



Different Question Types

Terabytes of data

Descriptive &
Predictive
Models

Find collaborators, friends

@ science
Al
BJ
) 1 1 I 1 1 1 | 1 I 1 | I 1 1 I 1 1 I | 1 1
2004 | 2005 | 2006 | 2007 | 2008 | 2009
T T T T T T T T T 1 T T T 1 1 T T
News reference volume
|dentify trends
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Different Levels of Abstraction/Analysis

Macro/Global
Population Level

Meso/Local
Group Level

Micro
Individual Level

OR
Below skin

20



LEVELS

Tasks

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

TYPES

Statistical Analysis

page 44
. Knowledge
e cartography
_'_ . page 135
WHEN:
Temporal Analysis
page 48 Visualizing
_ decision-
4 making
+— processes
— page 95
:-‘—’T,L ]
WHERE:
Geospatial Analysis
page 52 cell phone
= — J usage in
f 1?\/ Milan, raly
T " page 109
\u\l/rflg
_WHAT: . Evolving
Topical Analysis patent
age 56 holdings
Pag = .: of Apple
_-- = Compauter,
= Inc. and
e s & el b “ Jerome
TECh nOIO'gy el Lemelzon

beisn Reseanchne T e I -TeCEo

WITH WHOM:
MNetwork Analysis
page 60 T y world
2 Finance
Corporation
network
page 87

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

Productivity
- of Russian
g lifa sciencas
research
i teams
=y F s page 105

EIERT

ey avents

in the
development
of the video
tape recorder
page 85

wictorian
poetry in
Europe

page 137

Evolving

journal
networks in
nanotechnology
page 139

Electronic and
new media art
networks
page 133

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

e Ll

Swciarr and Sucicty in Equlibnium
Mumber
= 1 of scientists
e versus
-1 § o population
i and RED costs
T / © wersus GMP
== e 103

Increased
travel and
communication
speeds

page 83

Ecological
footprint of
countries
page 99

Product space
showing
CO-EXpOrt
patterns of
countries
page 93

world-wide
scholarly
collaboration
networks
page 157
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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



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



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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Cyberinfrastructure for
Network Science Center

Sci2 Tool Interface Components Implement Vis Framework
Download tool for free at http://sci2.cns.iu.edu

G2 5ci2 Tool =10l x|

File DataPreparation | Preprocessing Analysis Modeling  Visualization R Help

1
]
El console iEET I = B | 194% Data Manager | €} Workflow Manager = 8
- Temporal F |
.......... Geospatial ¥ - Elf!'ISI Data: C:\Users\Katy \Desktop \A-TOOLS sci2-v 1, 1
Topical b Bd. B- L=| 361 Unique ISI Records

Metworks Extract Top Nodes El o Extracted Cn:n-.b.uﬂ'u:nrshlp Netwark
Extract Modes Above or Below Value .

Delete Isolates
Fwirart Tnn Frnee

=10 x|
File DataPreparation Preprocessing | Analysis Modeling Visualization R Help
1
3
ocumenta | El consale Temporal 3181 Data Manager (, Workflow Manager = O |
http:/ fwil . Geospatial »
vo28Text [ Topicdl  » ;|| [ = F 151 Data: C:'u,leers'ﬁaty'nDeskb:up'nﬂ-TOOLS'nsleu'1.1-I:u|
E ]
nput Parar & 5ci2 Tool =10 x|
lle Format ntegrat File Data Preparation Preprocessing  Analysis  Modeling | Visualizaton R Help
de D 3
ocE e = consdle General B || pata Manager c, Workflow Manager = O
Temporal
Geospatial * ElEq_ 151 Data: C:\Jsers\Katy\DesktopA-TOOLS \sd2-v 1, 14
wtract Co-Occurrence MNetwork was selected. Topical 9 El{?| 361 Unique ISI Records
]

mplementer(s): Timothy Kelley

ntearator(s): Timothy Kelley Networks GUESS

ocumentation: Gephi hEd to not
http:/ /wiki.cns.iv.edu/display /CISHELL  Extract+ Co-Occurrence+Net
ork Radial Tree/Graph (prefuse alpha)

---------- Radial Tree/Graph with Annotation (prefuse beta)
wiract Co-Author Metwork was selected.

mplementer(s): Timothy Kelley Tree View (prefuse heta)

ntegrator{s): Timothy Kelley Tiree Map (prefuse beta)

Dv:ument._aﬁ_u:un: ) ) Force Directed with Annotation (prefuse beta)
mﬁm‘:ﬁ;&%‘;‘;ﬂId'SPIBYIEEHELumrad*— Co-Author+Network Fruchterman-Reingold with Annotation (prefuse beta)
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http://sci2.cns.iu.edu/

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.




@ IVMOOC 2018 MENU

Information Visualization MOOC ivmooc.cnauf et

Register for free: http://ivmooc.cns.iu.edu. Class restarts Jan 9, 2018.



http://ivmooc.cns.iu.edu/

Data Visualization Literacy:
Outlook




Data Visualization Literacy: Research and Tools that Advance Public
Understanding of Scientific Data

NSF Org:

Initial Amendment Date:

Latest Amendment Date:

Award Number:

Award Instrument:

Program Manager:

Start Date:

End Date:

Awarded Amount to Date:

Investigator(s):

=

RL
Division Of Research On Learning

June 13, 2017

June 13, 2017

1713567

Standard Grant

Arlene M. de Strulle
DRL Division Of Research On Learning
EHR Direct For Education and Human Resources

August 1, 2017

July 31, 2021 (Estimated)

$1,355,236.00

Katy Borner katy@indiana.edu (Principal Investigator)
Kylie Peppler (Co-Principal Investigator)

Bryan Kennedy (Co-Principal Investigator)

Stephen Uzzo (Co-Principal Investigator)

Joe Heimlich (Co-Principal Investigator)



Beam break
records height

Pressure plate
records weight

Data collected &
fedto..

Existing
‘Rury’
exhibit experience

Beam break
records time

Visitors
manipulate
data

Creating
visualizations

Sketch of the Run exhibit
including data collection
(top) and macroscope add-
on that lets interested
visitors explore more
complex data visualizations
using table-top displays.



Manually Sportsology

entered exhibit data
A A Latitude
Who? Body Body Gender ZIPcode Runtime Jumpheight RuP °
height (in) weight (Ibs) (secs) (inch) time _ o
(secs) i .
Me 170 120 Female 55104 13.0 13 .'-'.-- -
#101 180 140 Male 37668 14.3 Unknown <
LY
#234 167 99 Oth 55102 17 28 ] 7
er Body height Longitude

(inch)

(v)
\/

Geocode
lat/long

N
V_

xMacroscope general setup and activity—Raw data on left is converted to
visualization on right by dragging and dropping (or connecting) column
headers to axes, paint buckets, size, and shape.



SCWS 2017 15th.Nov.-17th.Nov.2017 A

Connecting the Waorld
for » Sustainable Future

ABOUT ~ PROGRAMME  REGISTRATION ~ MARKETPLACE ~ SPONSORSHIP  PRACTICAL INFORMATION

SN TOKYO |

National Museum of Emerging Science and Innovation (Miraikan)

CSWS Session: Visualizing STEAM Data in Support of Smart Decision Making
November 15-17, 2017, Tokyo, Japan. http://scws2017.org



http://scws2017.org/

f MAP OF SCIENCE: FORECASTING
- LARGE TRENDS IN SCIENCE

.- = MEDICAL SPECIALTIES Science Forecast
P - ,’ a 14 -‘ COLLABORATIVE EFFICIENCY
e i~ | —— S1:E1, 2015

. a
0 o - SUBDISCIPLINES
e MICROBIOLOGY. & &
-~ e ® -
£ 2 ,” . e ® P
=
o o ° Ceum
-
[ ™
~

Finporence

SCIEATIFIC COLLABORATIONS
BETHEE HORLD CITIES

\!

DISE(PLINRT !

MATH & P L ey
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) 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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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 ate at http://cns.iv.edu/presentations.html

CNS Facebook: http://www.facebook.com/cnscenter
Mapping Science Exhibit Facebook: http://www.facebook.com/mappingscience
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http://cns.iu.edu/presentations.html
http://www.facebook.com/cnscenter
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