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Maps ot Science & Technology

Using large scale datasets, advanced data mining and visualization techniques, and
substantial computing resources.

Atlas of Science
Visualizing What We Know




Maps of Science & Technology e~ _ =

http://scimaps.org

1blst Annual Meeting of the Asciation of Arican Gegraphers. Denver, C.
April 5th - 9th, 2005 (First showing of Places & Spaces)

University of Miami, Miami, FL.
September 4 - December 11, 2014.

Duke University, Durham NC ' The David J. Sencer CDC Museum, Atlanta, GA.
January 12 - April 10, 2015 January 25 - June 17, 2016.

100 maps and 12 macroscopes by 215 experts on display at 354 venues in 28 countries.


http://scimaps.org/

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



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

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



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 abserved

(second graph), with a significantly happier west coast that

is consistently three hours behind the east coast 0 0600
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Weekly Variations

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

higher is happier)

Sunday Monday Tuesday Wedneday. Thursday Saturday

About the Data and Visualization

The plots were calculated using over 300 million tweets (Sep 2008 — Aug 2009) collected by MPR-SWS researchers, represented as density-preserving cartograms. The mood of each tweet was
inferred using ANEW word list (Bradley, MM., & Lang, P.J. Affective narms 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 hitp://factfindercensus.goy, and the base U.S. map was taken from Wikimedia Commans. User
locations were inferred using the Google Maps AP, and mapped into counties using PostélS and U.S. county maps from the LS. National Atias. Mood colors were selected using Color Brewer 2

About Cartograms

A cartogram is a map in which 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
15 maintained as much as possible, but the area 1s 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 Univs 4 HARVARD UNIVERSITY®
College of Computer and Information Science!
Center for Complex Network Research®

nttp/fwww.cos neu.edufhome/amislove/twittermood @ 2010 Alan Mislove”, Sune Lehmann®, Yong-Yeol Ahn®, Jukka-Pekka Onnela®, J. Niels Rosenquist®

16:00 _ 1400 _ 1300

IX.4 Pulse of the Nation - Alan Mislove, Sune Lehmann, Yong-Yeol Ahn, Jukka-Pekka Onnela, and James Niels Rosenquist - 2010




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 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 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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VII.10 History of Science Fiction - Ward Shelley - 2011



Check out our Zoom Maps online!

o-1-8 =2

VIIL.10

Ward Shellcy is an artist identiied with the Williamaburg sorme in Brooklyn, New
sbout art and culeure, This map plots the science fistion liserary gem
cencrging out of the data, heew the arrative stnscrure procedes and

entacles are ke trace soots to pre-historical sources and whose bodh
, which birthed gothic fiction, souece not anly of Sci-F, but alio
progressed throsgh « number of dirsinct periods, which are charted, citing by

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



MAPS
VS.
MACROSCOPES



Microscopes & Telescopes vs. MACROSCOPES

The Infinitely Great i, Galaxies

Telescope

Deploy Data
Visualize Read

Analyze

Microscope Macroscope

The Infinitely Small




@ MACROSCOPES FOR INTERACTING WITH SCIENCE

Earth AcademyScope Mapping Global Society Charting Culture

Weather on a worldwide scale Exploring the scientific landscope Local news from @ global perspective 2,800 years of human history in 5 minutes

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







THE NATIONAL ACADEMIES PRESS ; Top downloads

Top downloads @ Agiculture
@ 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 Technalogy
Environment and Environmental Studies
Explore Science

Food and Mutrition

® 0 60 &

@ Health and Medicine
@ Industry and Labor
@ WMath, Chemistry and Physics

o

@ Policy for Science and Technology

@ space and Aeronautics

@ Transportation

opic=282

AcadenyScope — National Academy of the Sciences & CNS



The News Co-occurrence Globe L ™ P R U\ TED KINGDOM SEARCH

! | ’
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
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Smelly Maps — Daniele Quercia, Rossano Schifanella, and Luca Maria Aiello — 2015



# » Play with Scale » Megaregions of the US

| T H E M EGA R EG I O N s 0 F ‘I' H E U s Explore the new geography of commuter connections in the US.

Tap to identify regions. Tap and hold to see a single location’s commuteshed.

5 >
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Lesfiel | Melson & Ras CCBY 3.0

E & ‘ This is the Roanoke (Raleigh) megaregion.

Megaregions of the US —Garrett Dash Nelson and Alasdair Rae — 2016



M » Make Sense of Science » FleetMon Explorer

@ FleetMon

Tracking the Seven Seas

Monday, September 10, 2012 VRSN S

w0008

FleetMon Explorer — FleetMon — 2012



Models of Science & Technology

Using large scale datasets, advanced data mining, modeling, and visualization
techniques, and substantial computing resources.




Home Agenda Confirmed Speakers Organizers & Advisors Venue Register Contact

Government, academic, and
Industry leaders discussed

Modeling Science, Technology & challenges and opportunities

Innovation Conference associated with using big data,
WASHINGTON D.C. | MAY 17-18, 2016 V|Sua| analytlcs, 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
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All Upcoming Colloquia

PROGRAMS
Arthur M. Sackler

COLLOQUIA

Awards

Koshland Science Museum

Cultural Programs Upcoming COllquia

SackierCatioguia Unless otherwise indicated, most Sackler colloquia are held at the Arnold and Mabel Beckman Center, in Irvine, California.

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

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

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

Completed Colloquia

Video Gallery
Science of Science Communication ITT

Connect with Sackler

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

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

Give to Sackler Colloquia

Mt Bribeis ol Stencs 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-colloguia/upcoming-colloquia

23


http://www.nasonline.org/programs/sackler-colloquia/upcoming-colloquia/
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Science Forecast
S1:E1l



https://www.youtube.com/watch?v=lByX2_eb_QQ




@ IVMOOC 2018 MENU

Information Visualization MOOC ivmooc.cn¥gikedtl

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



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



http://cns.iu.edu/
http://cns.iu.edu/presentations.html
http://www.facebook.com/cnscenter
http://www.facebook.com/mappingscience

	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28

