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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,
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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.




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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ANOTECHNOLOGY
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| 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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Chemical Research & Development

Powers the U.S. Innovation Engine

mic Im

INVESTMENT IN CHEMICAL SCIENCE R&D

FEDERAL
GOVERNMENT

.

il $8 Billion

TAXES
.

$5 Billion

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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heck out our Zoom Maps online!
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VII.10
History of Science Fiction, by Ward 5!

BROOKLYN, NY, 2011
Caursery of Ward Shelley Studs

Ward Shelley is an artise identifed with the “'-"lil“l-?l-llg swoone in H\»i.l_“u_ New
sbout art and culeure, This ma plots the science fiction liserary genre 6
i

conerging enut of the dats, heee the rarrative stossture procedes and
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Romanticism, which birthed got
peogressed throsgh a number of

Visit scimaps.org and check out all our maps in stunning detail!



Macroscopes

PLACES
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Microscopes & Telescopes vs. MACROSCOPES

The Infinitely Great i, Galaxies

Telescope
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Microscope Macroscope

The Infinitely Small




@ IVMOOC 2017

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



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

@ 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




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 16


http://scimaps.org/call

Science Maps in “Expedition Zukunft” science train visited 62 cities in 7 months.
Opening on April 237 2009 by German Chancellor Merkel




Places & Spaces Digital Display in North Carolina State’s Immersion Theater

. \.
o
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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

......

19
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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

21


http://www.nasonline.org/programs/sackler-colloquia/upcoming-colloquia/

NAKFI Conference on Art and Science, Engineering, and Medicine Frontier
Collaborations: Ideation, Translation & Realization, Arnold and Mabel
Beckman Center in Irvine, CA on November 12-14, 2015



Modeling Science, Technology &
Innovation Conference

WASHINGTON D.C. | MAY 17-18, 2016

Slides, recordings, and report are available via http://modsti.cns.iv.edu/report



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

Define Data Visualization Literacy (DVL)
Develop metrics to measure DVL
Compare approaches to increase DVL

Use data visualization and AR/VR setups to
communicate the inner workings of loT

Sentient Veil, Isabella Stewart Gardner Museum, Boston, MA (2017)



Sentient Veil, Isabella Stewart Gardner Museum, Boston, MA (2017)
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INDIANA UNIVERSITY
INTELLIGENT SYSTEMS
ENGINEERING

CAMPS ABOUT ISE LOCATIONS CONTACT

Sentient Architecture — Sculptures

that Listen and Talk
June 12 - 16, 2017

As the built environment becomes increasingly more
complex and integrated with new technologies—including
the emerging Internet of Things (loT)—there is an urgent
need to understand how embedded technologies affect the

experience of individuals that inhabit these spaces.

(View Sentient Architecture Camp)

E piu'lyte Grove, Trondh&im, Norway, 2012, ©

ISE is proud to offer 9 weeks of 6 different camps during summer 2017.
Students aged 13+ are welcome to register:



http://camps.engineering.indiana.edu/

Sentient Architectures:

Adding Empathic Intelligence to LLuddy Hall
Creating a Model Organism for AI+Vis Research
Engaging Imagineers Around the Globe
Renaissance Engineering in Action

Philip Beesley

Practicing Visual Artist, Architect
Professor in Architecture at the University of Waterloo

Professor of Digital Design and Architecture & Urbanism at the European
Graduate School

April 30, 2017
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