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Take terra bytes of data

Identity trends

Early Maps of the World VERSUS Early Maps of Science
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3D
Physically-based Abstract space

Accuracy is measurable Accuracy is difficult

Trade-offs have more to do with granularity Trade-offs indirectly affect accuracy
2-D projections are very accurate at local levels 2-D projections neglect a great deal of data
Centuries of experience Decades of experience

Geo-maps can be a template for other data Science maps can be a template for other data




Mapping Science Exhibit — 10 Iterations in 10 years

The Power of Maps (2005) Science Maps for Economic Decision Makers (2008)

Science Maps for Scholars (2010)

Science Maps as Visual Interfaces to Digital Libraries (2011)
Science Maps for Kids (2012)

Science Forecasts (2013)

How to Lie with Science Maps (2014)

- NSF, 10th Floor, 4201 Wilson Boulevard, Atlington, VA
- Center of Advan iropean Studies and Research, Bonn, Germany

- University of Michigan, Ann Arbor, MI

s




) _ AT
The OwWER OF FORECASTS 2007

| E - Erat

= lewbes g9
= : .

= = ey t -

* hvisualization of 7 2 milion scholarly documents
SPIRA0 RNt ODIONDaP, DIRERTIOG: & e
between Jan, 2001 and Dec, 2005

Today used as a
science “base map”,
see later slides




200 {}

F S ey

LIS Worirasam i s by

Chemical Research & DeVEIOpment The Council for Chemical

Powers the U.S. Innovation Engine  [ESiSiess

anomic Implications of Public and Private RED Investrm wamical &

FEDERAL
GOVERNMENT

i,
$1 Billion i $8 Billion

FEDERAL FUNDING F TAXES

$5 Billion

INDUSTRY FUNDING

CHEMICAL
INDUSTRY

&

$1 B $1 B+ $5 Billion $‘|O Bi"ion $40 Bi"ion U.S. ECONOMY

i3 YRS~ k=11 YEARS ——t—> 5 EARS— GROWTH IN GNP

T sincwmney  CHEMICAL INDUSTRY
OPERATING INCOME

g 600,000

JOBS CREATED
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Debut of 5% Iteration of the Mapping Science Exhibit at MEDIA X was in 2009 at Wallenberg Hall,
Stanford University, b




Science Maps in “Expedition Zukunft” science train visiting 62 cities in 7 months,
12 coaches, 300 m long.

Interactive S&T Maps




Scholarometer®®** is a social tool to
facilitate citation analysis and help
evaluate the impact of an author's
publications.
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Interactive Maps of Science — Philanthropy
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Grantmaker Map

Grant Map

Grantmaker/Grant data ©@2009 The Foundation Center
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About this Map
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413,555 Grants

Current Parameters
Geographic Display: State
Grant Indicator: None
Thematic Indicator: None
Grant Years: 2008, 2008, 2007
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Interactive World and Science Map of S&T Jobs

Angela Zoss, Michael Connover, Katy Birner (2010)
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Map of Science

Scientific damains are highly
interconnected. The boundaries between
different domains are often fuzzy, Gne
way of thinking about the relationships
between domains is to conceptualize all
scientific domains as existing within 2
large network of research.

Creating a netwark of scientific research
can be accomplished by looking at
scientific journals and their articles. The
UCSD Map of Science used here is the
product of a large study by researchers at
the University of California San Diego
using 7.2 million papers and aver 16,000
separate journals, proceedings, and
series from Thomson Scientific and Scopus
over the five year period from 2001 to
2005, The researchers used citations
between the papers and journals to
cluster journals into small groups of
highly related journals.

Thase dusters are represented by 554
individual nodes in the netwark. The links
between the custers show that some
clusters are related to other clusters hut
are naot as tightly connected as the
journals that make up each cluster, Then —
the dlusters are labeled bath by the

cantent area shared by the journals in the
cluster and by the averarching scientific
domain for that cluster (represented by

one of 13 colors),

Maps of science like this ane can be used
ta understand many different data sets
and how they can be represented by
topic. Here we are looking at the topics
that annaar in inh nastinas fram lars inh

20




MAPSustain

Mapping Sustainability Research
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Detail About
Geographic Visualization

Here we have a more traditional view ofthe records - a
geographic overlay Featured here are the records that list
both a city and state in the United States Feel free to search,
zoom, pan, and click for descriptions.
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About

A new field of Sustainagbilihy Science and Englneering is
emerging that seeks to understand the fundamental
character of interactions between nature and human
society and to help steer the impact of humanity's needs
on the planet's natural resources towards sustainahle
trajectaties. The field is unified in clear terms by its
ultimate goals hut occupies an interdisciplinary position
among traditional research fields, spanning both science
and engineering and spreading across distiplines as
diverse as agriculture, ecology, oceanography, climate
studies, economics, a diverse set of =ocial sciences,
energy and materials and several additional aspects of
engineering, physics, hiology, and chemistry. Although
Sustainahility Science and engineering is by now widely
digcusged in the scientific and engineering comrmunity,
and is beginning to be connected to the political agenda
for economic and social development, it remains unclear
towhat extent its many facets are being integrated into a
global perspective and whether researchers are utilizing
it as a nexus to collaborate across traditional scientific
and engineering fizlds.

Please consult the Mapping the Structure and Evalution
of Sustainability Science workshop web page for further
infarrmation and details.

Web Page Design

This weh site provides an interactive interface to
publication, patent, and funding data on ‘hiomass' and
‘hiofuel' research. Visitars are invited to explore what
funding is available in what geospatial regions and in
wihat areas of science and what publications and patents

Google Map JavaScript API was used to implement both maps with two aggregation layers for each.

The geographic map aggregates to the state level and the city level. The science map has a high

level of aggregation of 13 top-level scientific disciplines and a low level of 554 sub-disciplines.
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Datasets

The dataset covers 13,528 records on "hiomass" and
"hiofuel” regearch and technology from seven difierent
publication, patent, funding datasets for the years 1901 to
2010

Funding

Mational Institutes of Health (MIH) awards retrieved from
the Scholatly Database (hitpiisdb.slis indiana. edu) at
Indiana University on 11/2002010. Search query used
was biomass OR hiofuel OR "hio mass" OR "hio fuel" in
the ‘Al Text' field.

Mational Science Foundation (NSFY awards retrieved
from the Scholarly Database (hitpffsdb slis indiana.edu)
atIndiana University on 11/2002010. Search query used
was biomass OR hiofuel OR "hio mass" OR "hio fuel" in
the "All Text' fleld.
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Ocean Lr ea
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US Department of Agriculture (UEDA) awards made
available by a staff member ofthe Office of Scientific and
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Funding Publications Patents

Technical Information fror the US Department of Energy
(DOE).

Publications

MECLIME papers by the Mational Library of Medicine
retrieved from the Scholarly Database

(hitp:f=db slis.indiana.edu) at Indiana University on
110200201 0. Search query used was biomass OR biofuel
OR "hio mass" OR "hio fuel” in the All Text' field.
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MEDLINE
2002

® Pecovery Of Dairy Manure Mutrients By Benthic
Freshwater Algae.

DOE
1985

® Enzymatic Hydrolysis And Fermentation Of Corn For
Fuel Alcoh
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® |abel-Free And Simultaneous Detection Of Multiple

Bacterial Pathogens And Yirulen

Mechanism Of Psrp Mediated Adhesion
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2008

The Effect Of Inter-Species Interactions On The
Wirulence OFf Streptococcus Mutans

Cookstove Replacernent For Prevention Of Ari And
Low Birthweight In MNepal

Oiverse Drug Lead Compounds From Bacterial
Symbionts In Tropical Marine Mallusks

Remote Sensing Of YWildfire Smoke Exposures To
Assess Health Effects

Cookstove Replacement For Prevention Of Ari And
Low Birthweight In Mepal

The science map at 13 top-level scientific disciplines level.
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® Iethod For Purifying Water

® Synthesis Of Caprolactam From Lysing

The science map at 554 sub-disciplines level.
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Linked Open Data

» Interlinking existing data silos and
» Exposing them as structured data

» Adding new high quality data relevant for S&T studies

http://linkeddata.org

» brainz

DBtune

us
Census
Data

RDF Book
Mashup

E

DBLP
Hannover

Project
Guten-
berg

August 2007

41

/ sem-
web-
Central

( SurgE

TN
it \ i~
~ [ Music-
| brainz

[ MySpace \\‘/

> /
Vi \\ [ Later + | Roar

(ayeount | |JE"‘E"dD % TUTP/< g \ g A petes
Data S —

g % £ N 77NN Project '\

<] > | E ) | cuten- |

£ e )

[/ BBC

\I Programm |

o/

Je— Audio- h N " Flickr

1 |
\ Scrobbler | exporter
7//“\\ p .

-
/“sBC \

flickr
| wrappr |

i Open
Calais

‘ Fact- ]
\ Beck S

A f’Magna
une)

Hcmulo
—
Gene ) k7

s

some

(o) el
\ / e

{
™| PubMed
‘\L

e

Wiki-
company

RDF
A chloh

[ semantic % —

\ Weborg [

[ Eurécem |
7 sw /
(Canference, IRIT | Sy

\ Corpus | Teulouse Jo_ #

RAE

2001 |

an X X - et ude)

open- | N\ 7 / : i

Guides ' % B o pest |
\ BME /

Virtuoso

Sponger eprints |

| south- |
ampton /

RDF Book |
Mashup /

DBLP

\ Hannover | ‘i

Gene
Ontology
\j—’/ g Int.v
\Pru PDB
- \

N

As of March 2009




Yol Lose |

LIBRIS
AN

/ \ Braine
{ omcogs | : —
(Ceta in- } \Du!uneu"_._.

\eumator) SN, |

| legistation """
| ek ] 4
" £ [k pos- |

- \ .(ooe\ /_.--_.-_r_:__‘_

vers 1
=7 unimer T

|

S imponts | /]
A

As of September 2010 @ (@D @

Enabling a National
Network of Scientists

VIVO: A Semantic Approach to Creating a National Network
of Researchers (http://vivoweb.org)

» Semantic web application and ontology P —
editor originally developed at Cornell U.

« Integrates research and scholarship info e R
from systems of record across et o
institution(s). =

 Facilitates research discovery and cross- e
disciplinary collaboration. : ﬁg
< Simplify reporting tasks, e.g., generate . | ehTaae
biosketch, department report. - : rimmm

+

Funded by $12 million NIH award.

Cornell University: Dean Krafft (Cornell PI), Manolo Bevia, Jim Blake, Nick Cappadona, Brian Caruso, Jon Corson-Rikert, Elly Cramer, Medha Devare,
John Fereira, Brian Lowe, Stella Mitchell, Holly Mistlebauer, Anup Sawant, Christopher Westling, Rebecca Younes. University of Florida: Mike Conlon
(VIVO and UF P1), Cecilia Botero, Kerry Britt, Erin Brooks, Amy Buhler, Ellie Bushhousen, Chris Case, Valrie Davis, Nita Ferree, Chris Haines, Rae Jesano,
Margeaux Johnson, Sara Kreinest, Yang Li, Paula Markes, Sara Russell Gonzalez, Alexander Rockwell, Nancy Schaefer, Michele R. Tennant, George Hack,
Chris Barnes, Narayan Raum, Brenda Stevens, Alicia Turner, Stephen Williams. Indiana University: Katy Borner (1U PI), William Barnett, Shanshan Chen,
Ying Ding, Russell Duhon, Jon Dunn, Micah Linnemeier, Nianli Ma, Robert McDonald, Barbara Ann O'Leary, Mark Price, Yuyin Sun, Alan Walsh, Brian
Wheeler, Angela Zoss. Ponce School of Medicine: Richard Noel (Ponce P1), Ricardo Espada, Damaris Torres. The Scripps Research Institute: Gerald
Joyce (Scripps P1), Greg Dunlap, Catherine Dunn, Brant Kelley, Paula King, Angela Murrell, Barbara Noble, Cary Thomas, Michaeleen

Trimarchi. Washington University, St. Louis: Rakesh Nagarajan (WUSTL PI), Kristi L. Holmes, Sunita B. Koul, Leslie D. McIntosh. Weill Cornell
Medical College: Curtis Cole (Weill PI), Paul Albert, Victor Brodsky, Adam Cheriff, Oscar Cruz, Dan Dickinson, Chris Huang, Itay Klaz, Peter Michelini,
Grace Migliorisi, John Ruffing, Jason Specland, Tru Tran, Jesse Turner, Vinay Varughese.
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University of Florida

) How do you want to compare?

by Grants -
Who do you want to compare?
Search: X
Records 1 - 10 of 30 « First «Prev Mext > Last »
Entity Label Grant Entity Type
Count
[l continuing 562 UF Department, Agent,
Education Non-Academic Department,
Department
¥l Fiorida Museum 203 Museum, Agent

of Natural History

¥l college of
Agricultural and
Life Sciences

166 Agent, UF College, College

¥l college of
Engineering

103 Agent, UF College, College

¥l EvetynF.ana 64
William L.
McKnight Brain
Institute of the
University of
Florida

UF Center, Agent, Center

(¥l nternationa 54
Center

UF Department, Agent,
Non-Academic Department,
Department

[¥] Fiorida Sea Grant 44 UF Center, Agent, Center

[El whitney 42 UF Research Laboratory
Laboratory for Agent, Laboratory, Research
Waring Laboratory
Bioscience

[E1  water Institute 38 UF Center, Agent, Center

% college of 35
Dentistry

Agent, UF College, College

Save as CSV @

Number of Grants

Comparing Grants of Organizations in University of Florida

1930 1985 1990 1995

Year

Total Number of Grants

2000 2005

2010

‘You have selected 7 of a maximum 10 organizations to compare M

e
L]
=
=
[t}

[E]

Florida Sea Grant A . 44
International Center =~ .5"‘

Evelyn F_and William_. ~# - o4

College of Engineeri. o~ -103
College of Agricultur... ~ - 188

Florica tuseum orty . 7 [N 203

comnungeoucaton ~ | -

Enabling a National

Network of Scientists

Temporal Analysis (Wher) Temporal visualizations of the number of papers/funding

award at the institution, school, department, and people level
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Math & Physics
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46
|5 | I Math & Physics | Biotechnology B Medical Specialties
B chemistry M Earth Sciences I"| Brain Research
[7] Computer Science & EE M Biology " | Health Professionals
| Other Engineering B Infectious Diseases Social Sciences
|| Humanities

Copyrght (c) 2008 The Regents of the Universdty of California

Topical Analysis (What) Science map overlays will show where a person, department,
or university publishes most in the world of science. (in work) 49

Co-Investigator

Conlon, Mike = Nework

Associate Director and Chief Operating Officer Enabling a National
Network of Scientists

Co-Author Network (CraphML File)

Conlon, Mike
Associate Director and Chief O...
VIVO profile | Co-author network
§ Publication(s)
12 Co-authoris)
1981 First Publication

2004 Last Publication

Note: This information is based solely on
publications which have been loaded into

the VIVO system. This may only be a small

sample of the person's total work. Andersan, Ge. Conlon; Mike

Pepine,Carl 1

Refresh J { Sort alphabetically ] I Save as image

Interact

Hover over any name to see the number of
joint publications and co-authors with Conlon,
Mike

Network Analysis (With Whom?) Who is co-authoring, co-investigating, co-inventing
with whom? What teams are most productive in what projects?




TTPETT =
File Edit Wiew History Bookmarks Tools Help

- 4y G BRED hetps:/ivivo.ufl.edu/individual/n25562/n2556 2.rcf 77 | [*F- scival »
2 MostVisited ¥ Getting Started Latest Headlines
&vuze - l - ‘<

WIWO ||| Places and Spaces i NIH Workshop .. | || https:ifvivo.ufl... 25562/n25562.rdf x | + -

i p Search - t\ What's Hot - S What's New - § Featured - @ ForYou - Ff Motifications

Thuz Z2L file does not appear to have any style mformation associated with it The document tree 12 shown below.

m

— <rdf:RDF>

— <rdf: Description rdf: about="httpfvive vl eduwindmidualins & 206"
<rdfs:label rdf: datatype="http fwww w3 orgl200 1L S chematstring" > Member=/rdfs:label =
=rdf:type rdf:resource="http:fwww w3 org/2002/07 owl#Thing /=
<rdf: type rdf:resource="htty /fwiveweb orglontology/core#Eole ">
<rdf: type rdf:resource="htty: /fwiveweb orglontology/corefllemberBole"l>
<J.3:roleln rdf:resource="httpfvive ufl eduindindualin 57 238" =
<} 3:memberRoleOf rdf:resource="htty /fnvo ull eduwindindualin2 5562" >
<j.3:startYear rdf: datatype="http fwww w3 orgf2001 20003 chemats Vear">1997<f.3: startYear>

</rdf:Description>

— <rdf: Description rdf: about="httpFvive vl eduwindridualin7E765">
<rdfs:label rdf: datatype="httpfwww w3 org/200 1L S chemadstrng"=Member</rdfs:label>
<rdf: type rdf:resource="htty /fwwrw w3 org/ 2002007 cwli Thing" =
<rdf: type rdf:resource="htty /fwiveweb orglontology/core#Eole ">
<rdf: type rdf:resource="htty: /fwiveweb orglontology/corefllemberBole"l>
<J.3:roleln rdf:resource="httpfvive ufl eduindindualin52513"=
<j.3:memhberRole0f rdf:resource="http /fvive ufl eduindividualin25562" =
<J.3: startY ear rdf: datatype="http [fwwrw w3, orgl200 VL Schemattg Year"> 1950<.3: startYear>

</rdf:Description>

— <rdf:Description rdf: about="http /fwivo vl edwindividualin25562"=>
<j.3:featuredIn rdf:resource="http /fwive ufl eduindiidualin6 265" >
<j.3:featuredIn rdf:resource="http /fwive ufl eduindiidualin 3384 "> =

Cone

enabling national Enabling a National
networking of scientists Network of Scientists

Networks and Complex Systems Research at Indiana University

This VIO instance provides information on networks and complex systems

e Faculty and their departments
* Publications

* Grants

® Courses

at Indiana University. The site was created in support of a NSF IGERT grant application. A major intent is to cross-fertilize
between research done in the social and behavioral sciences, research in natural sciences such as biology or physics, but also
research on Internet technologies.

The site will be continuously updated to help

e Mew faculty to get in contact with relevant researchers.

* Faculty and policy makers to pool teams in response to funding solicitations.

e Faculty to coordinate research efforts — collaborations using existing fundingfresources.
* Faculty to coordinate teaching.

o Students identify relevant courses, potential advisors, funding.

* Organize the Mon talk series on Metworks and Complex Systerns.
e Arrange research meetings for visitors with relevant faculty/students

http://vivo-netsci.cns.iu.edu




Co-Investigator Network (CGraphml File)

Enabling a National
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Daniels,Michael Joseph 2 - £
% £ ] &
PROFESSOR 4 ] = ? &
% - “ & &
WIVO profile | Co-investigator netviork 3
17 Grant(s) [
%%)
27 Co-investigator(s) %0,

2003 First Grant

2010 Last Grant Marg,,

Note: This information is based solely on
grants which have been loaded into the
VIO system. This may only be a small
sample of the person’s total work.
Janicke,David

et

Interact -
Hover over any name to see the number of No. of co-Investigator(s) Ho. of time(s) co-investigated
joint grants and co-investigators with
Daniels,Michael Joseph. q 1
. ' '
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* 36 publication(s) from 2001 to 2010

¢ 80 co-author(s) from 2001 to 2010

Co-Author Network
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36 publication(s) from 2001 to 2010 e

Enabling a National
Network of Scientists

80 co-authoz(s) from 2001 to 2010

Year, Count Co-Author(s)

2001 1/ Chen C.

2002 3 Chen C.; McMahon T.; Feng Y.
2003 2/ Chen C.; Boyack KW

2004 17 Sengupta A Penumarthy 5.; Thakur 5.; Sooriamurthi B.; Maru J.T.; Shifftin R.M.; Mane K., Moor KA

=R TR R R N SN R g N |

Co-author network

<rxml wersion="1.0" encoding="UTF-3" >

<graphm]l xmlns="http://graphml.graphdrawing. org/xnlns"
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id=
id=
id=

"number_of_authored_works" for="node"” attr.name="number_of_authored works" attr.type="int" />
"mum_unknown_publication” for="node” attr.name="num unknown_publication” attr. type="int” f»
"num_latest _publication” for="node” attr.name="mm_latest_publication” attr.type="int" />
"latest_publication” for="node™ attr.name="latest_publication”™ attr.type="int"” />
id="profile_url™ for="node” attr.name="profile_url™ attr.type="string” />

Save as Image (\PNG file) =

Publications per year , see top file.
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Boyack KW,
Bozicevic M
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Plug-and-Play Macroscopes
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V|VO Enoblmg National Ne’rworklng of Scientists

hﬂp //www.vivoweb.org

Cumulative Counts (World)
Jan 29 - Feb 5, 2010

VIVO People Profiles 32,125
B VIVO Email Requests 4
VIVO Web Visits (Counfries) 16,060
VIVO Code Downloads 20

Profiles  Emails Web Visits
100 © 1
10000 10 10,000

100,000 100 1,000,000 - -
Created by: lennifer R. 5. Coffey (design), Kaveh Ekbia, Justin Peters (ArcGIS) and Katy B&mer (concept).

Science is global. World view of VIVO activity.
Web site visits are aggregated at the country level.

Geospatial Analysis (Where) Where is what science performed by whom? Science is
global and needs to be studied globally. (in work)

V|VO Enoblmg National Ne’rworklng of Scientists

hﬂp //www.vivoweb.org

Cumulative Counts (World)
Jan 29 - Apr 16, 2010

VIVO People Profiles 33,551
B VIVO Email Requests 30
VIVO Web Visits (Countries) 145,096
VIVO Code Downloads 86

Profiles  Emails Web Visits

100 & 1 G N — r g —
10000 10 : e 2 =
100,000 100 1,000,000 :
) Created by: Jennifer R. 5. Coffey (design), Kaveh Ekbia, Justin Peters (ArcGIS) and Katy Bémer (concept).

Shown are the
- Number of people profiles in the 7 different VIVO installation sites plus CAS and U Melbourne.

- Email contacts by data and service providers as well as institutions interested to adopt VIVO.
- The number of visitors on http://vivoweb.org
Circles are area size coded using a logarithmic scale.
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Cumulative Counts (World)
Jan 29 - Jul 30, 2010

VIVO People Profiles

3 VIVO Email Requests
VIVO Web Visils (Countries)
VIVO Code Downloads

Profiles  Emails Web Visits

- <
Created by: Jennifer R. 5. Coffey (design), Kaveh Ekbia, Justin Peters (ArcGIS) and Katy B&mer (concept) ;

VIVO 1.0 source code was publicly released on April 14, 2010
87 downloads by June 11, 2010.

The more institutions adopt VIVO, the more high quality data will be available to understand, navigate,
manage, utilize, and communicate progress in science and technology.

National Research Networking (NRN) o
Activity Visualization

Number of People Profiles _ Number of Publications
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' networking of scientists

Second Annual VIVO Conference
August 24-26, 2011
Gaylord National, Washington D.C.

http://vivoweb.org/conference
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All papers, maps, tools, talks, press are linked from http://cns.iu.edu
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Exhibit Facebook: http://www.facebook.com/mappingscience
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