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Papers & Wikipedia Entries
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U.5. Communication

(in millions) WWI WWII

Off the graph

1783 First Daily Newspaper

1796 Lithography for Mass Printing

1843 First Computer Prograrn by Lovelace

1844 First Telegraph Sent by Morse 1SC Internet Hosts
1847 First Postage Stamps

1851 First England to France Telegraph Cable

1868 First Typewriter 2001 Wales founds Wikipedia ®
1874 First True Digital Code by Jean-Maurice-Emile Baudot

1876 First Telephone Call by Bell 1998 Page & Brin launch G

400

On the graph 1996 Kahle et al. found the Internet Archive #
1904 First Vacuum Tube

1915 First Transcontinental Phone Line by AT&T 1990 Bernes-Lee Publishes First Webpage ®

1920 First Cross-Continent Airmail

1927 First Completely Electronic System 1989 Bernes-Lee Architects the World Wide Web e

for Sending & Receiving Images

1935 Coaxial Cable Tnvented by ATCT 1977 Steve Jobs founds Apple Computer ®

1935 Radar

1941 Commercial Broadcasting Begins in UL 8. 1975 Gates & Allen found Microsof
1946 First mobile radiotelephones

1949 First Xerographic Copy Machine 1973 Cerf designs TCP/IP for the Internete
1951 First Fax Machine Transmission

1954 First Television Scts

1956 First Transatlantic Telephone Cable by AT&T
1973 First Personal Computer 1963 En
1983 First Cell Phone Company

1941 Zuse develops first computer &

1971 Tomlinson invents email ®

gelbart develops computer mousc®

Heusehalds with Radio =

Houscholds with Television

Telegraph Messages

1920
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Identify patterns, trends, outliers




Some Tools That Scholars Use
to access data, knowledge, expertise

GO ogle facebook

Facebook helps you connect and share with
the people in your life.

g_ﬂ.

Google Search | I'm Feeling Lucky ‘

craigslist WIKIPEDIA
The Free Encyclopedia

Search fora keyword or phrase..

Sharing talks, tutorials,
instructions

Google maps

Coogle Jivimeoles
Scholar beta

S&T Navigation, Management Tools that Different Stakeholders Want

Funding Agencies

» Need to monitor (long-term) money flow and research developments, identify
areas for future development, stimulate new research areas, evaluate funding
strategies for different programs, decide on project durations, funding
patterns.

Scholars

» Want easy access to research results, relevant funding programs and their
success rates, potential collaborators, competitors, related
projects/publications (tesearch push).

Industry

» Is interested in fast and easy access to major results, expetts, etc. Influences
the direction of research by entering information on needed technologies
(industry-pull).

Advantages for Publishers

» Need easy to use interfaces to massive amounts of intetlinked data. Need to
communicate data provenance, quality, and context.

Society

» Needs easy access to scientific knowledge and expertise.




Scholars Have Different Roles/Needs

Researchers and Authors—need to select promising research topics, students, collaborators,
and publication venues to increase their reputation. They benefit from a global view of
competencies, reputation and connectivity of scholars; hot and cold research topics and
bursts of activity, and funding available per research area.

Editors—have to determine editorial board members, assign papers to reviewers, and
ultimately accept or reject papers. Editors need to know the position of their journals in
the evolving world of science. They need to advertise their journals appropriately and
attract high-quality submissions, which will in turn increase the journal’s reputation and
lead to higher quality submissions.

Reviewers—read, critique, and suggest changes to help improve the quality of papers and
funding proposals. They need to identify related works that should be cited or
complementary skills that authors might consider when selecting project collaborators.

Teachers—teach classes, train doctoral students, and supervise postdoctoral researchers. They
need to identify key works, experts, and examples relevant to a topic area and teach them
in the context of global science.

Inventors—create intellectual property and obtain patents, thus needing to navigate and make
sense of research spaces as well as intellectual property spaces.

Investigators—scholars acquire funding to support students, hire staff, purchase equipment,
or attend conferences. Here, research interests and proposals have to be matched with
existing federal and commercial funding opportunities, possible industry collaborators and
sponsors.

Team Leads and Science Administrators—many scholars direct multiple research projects
simultaneously. Some have full-time staff, research scientists, and technicians in their
laboratories and centers. Leaders need to evaluate performance and provide references for
current or previous members; report the progress of different projects to funding agencies.
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Research Collaborations by the Chinese Academy of Sciences
By Weixia (Bonnie) Huang, Russell |. Dubon, Elisha . Hardy, Katy Borner, Indiana University, US.A
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This map highlights the research co-authorship collaborations of the Chinese Academy of
Sciences with locations in China and countries around the world. The large geographic map
shows the research collaborations of all CAS institutes. Each smaller geographic map shows the
research collaborations by the CAS researchers in one province-level administrative division.
Collaborations between CAS researchers are not included in the data. On each map, locations
are colored on a logarithmic scale by the number of collaborations from red to yellow. The
darkest red is 3,395 collaborations by all of CAS with researchers in Beijing. Also, flow lines are
drawn from the location of focus to all locations collaborated with. The width of the flow line is
linearly proportional to the number of collaborations with the locations it goes to, with the
smallest flow lines representing one collaboration and the largest representing differing amounts

on each geographic map. s




Mapping the Evolution of Co-Authorship Networks
Ke, Visvanath & Birner, (2004) Won 1st price at the IEELE Infol is Contest.
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Mapping the Evolution of Co-Authorship Networks
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Studying the Emerging Global Brain: Analyzing and Visualizing the Impact of
Co-Authorship Teams
Borner, Dall’Asta, Ke & Vespignani (2005) Complexity, 10(4):58-67.

Research question:

¢ Is science driven by prolific single experts
or by high-impact co-authorship teams?

Contributions:

* New approach to allocate citational
credit.

* Novel weighted graph representation.

* Visualization of the growth of weighted
co-author network.

¢ Centrality measures to identify author
impact.

* Global statistical analysis of paper
production and citations in correlation
with co-authorship team size over time.

* Local, author-centered entropy measure.
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Spatio-Temporal Information Production and Consumption of Major U.S.

Research Institutions
Borner, Katy, Penumartly, Shashikant, Meiss, Mark and Ke, Weimao. (2006)
Mapping the Diffusion of Scholarly Knowledge Among Major U.S. Research
Institutions. Scientometrics. 68(3), pp. 415424
Research questions:

1.

SunfordU S

Does space still matter "

in the Internet age?
2. Does one still have to

study and work at major research

institutions in order to have access to

high quality data and expertise and to produce high
quality research?

10,000

3. Does the Internet lead to more global citation
patterns, i.e., more citation links between papers

@ 15051771
Q1772 -2.087
O 2,088 -2529
@ 2,530 -3.038
@ 3,040 -4172

1
1982-1986: 1.94 (R7=91.5%)
1987-1991: 2.11 (R*=93.5%)
1992-1996: 2.01 (R*=90.8%)

[s]
S
i : ® 1000 1997-2001: 2,01 (R'=90.7%)
produced at geographically distant research §
instructions? b
Contributions: § 100
» Answerto Qs 1+ 2is YES. %
. e
» Answer to Qs 3 is NO. S i
» Novel approach to analyzing the dual role of E
institutions as information producers and e I M
consumers and to study and visualize the diffusion = ] - I %
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2002 Base Map of Science

Kevin W. Boyack, Katy Borner, & Richard Klavans (2007). Mapping the Structure and Evolution of Chemistry Research.
11th International Conference on Scientometrics and Informetrics. pp. 112-123.

» Uses combined SCI/SSCI l
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Science map applications: Identifying core competency
Kevin W. Boyack, Katy Birner, & Richard Klavans (2007).

Funding patterns of the US Department of Energy (DOE)
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Science map applications: Identifying core competency
Kevin W. Boyack, Katy Birner, & Richard Klavans (2007).

Funding Patterns of the National Science Foundation (NSF)
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Science map applications: Identifying core competency
Kevin W. Boyack, Katy Birner, & Richard Klavans (2007).

Funding Patterns of the National Institutes of Health (NIH)
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Science map applications: Identifying core competency

Kevin W.

Boyack, Katy Birner, & Richard Klavans (2007).

Funding Patterns of the National Institutes of Health (NIH)
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Where Are the Academic Jobs? Interactive Exploration of Job Advertisements
in Geospatial and Topical Space
Abngela Zoss, Michael Connover, Katy Birner (2070)
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Seientific domains are highly
interconnected. The boundaries between
different domains are often fuzzy. One
way of thinking about the relationships
between domains is to conceptualize all
scientific domains as existing within a
large network of research

Haslth Professlenals

Creating a network of scientific research
can be accomplished by looking at
scientific journals and their articles, The
UCSD Map of Selence used here is the
praduct of a large study by researchers at
the University of California San Diego
using 7.2 million papers and over 16,000
separats journals, proceedings, and
series from Thamsan Scientific and Scopus
aver 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

Braln Research

Soolal Solinses

Those clusters are represented by 554
individual nodes in the network. The links
between the clusters show that some
clusters are related to other clusters but
are nat as tightly connected as the

Furnsifles

journals that make up each cluster. Then
the clusters are labeled bath by the
cantent area shared by the journals in the
cluster and by the averarching scientific
domain far that cluster (represented by
one of 13 colars),

Search for Jobs | Bintechnology

Search

Maps of science like this one can be used
ta understand many different data sets
and haw they can be represented by
topic. Here we are looking at the topics
that annaarin ink nnstinas fram lare inkh

H

bttp:

cns-nd3.slis.indiana.edn/ mapjobs/ geo
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CLICKSTREAM MaP
OF SCIENCE

Bollen, Johan, Herbert Van de Sompel, Aric Hagberg, Luis M.A. Bettencourt, Ryz
Lyudmila Balakireva. 2( )08. A Clickstream M [ap of \u;nu

Chemical Research & Developrnent The Gouncil for Chemical

Powers the U.S. Innovation Engine i

Macroeconomic Implications of Public and Private R&D Investments in Chemic

FEDERAL
GOVERMMENT

P -
$1 Billion M $8 Billion

FEDERAL FUNDING TAXES
ST,
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INDUSTRY FUNDING

CHEMICAL
INDUSTRY

N
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U.5. ECONOMY
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CHEMICAL INDUSTRY
OPERATING INCOME
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JOBS CREATED

Council for Chemical Research. 2009. Chemical R&D Powers the U.S. Innovation Engine.

Washington, DC. Courtesy of the Council for Chemical Research.




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)

Exhibit has been shown in 72 venues on four continents. Curtrently at
- NSE 10th Floor, 4201 Wilson Boulevard, Arlington, VA

- Marston Science Library, University of Florida, Gainesville, FL.

- Center of Advanced European Studies and Research, Bonn, Germany

- Science Train, Germany.

Debut of 5™ Iteration of Mapping Science Exhibit at MEDIA X was on May 18, 2009 at Wallenberg Hall,
Stanford University, ,




Illuminated Diagram Display
W. Bradford Paley, Kevin W. Boyack, Richard Kalvans, and Katy Birner (2007)
Mapping, Hluminating, and Interacting with Science. SIGGRAPH 2007 .

Questions:

Large-scale, high
resolution prints
illuminated via projector
or screen.

* Who is doing research on what
topic and where?

* What is the ‘footprint’ of
interdisciplinary research fields?

* What impact have scientists?

Interactive touch panel.

Contributions:

* Interactive, high resolution
interface to access and make sense
of data about scholarly activity.

Nanotechnology

This overlay shows the distribution
hnology within the para-
of science. The majority of
current work in nanotechnology
takes place ysics, chemistry,

Nanotechnology

nology is being applied in the bio-
logical and medical sciences, at the




Science Maps in “Expedition Zukunft” science train visiting 62 cities in 7 months
12 coaches, 300 m long
Opening was on April 23, 2009 by German Chancellor Merkel

Computational Scientometrics
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Enabling a National
Network of Scientists

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

- Semantic web application and ontology
editor originally developed at Cornell U.

- Integrates research and scholarship info
from systems of record across
institution(s). . i

- Facilitates research discovery and cross- SO,
disciplinary collaboration. - = ;

Soon:

- Simplify reporting tasks, e.g., generate
biosketch, department report.

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 PI), 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 (IU 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 PI), Ricardo Espada, Damaris Torres. The Scripps Research Institute: Gerald
Joyce (Scripps PI), 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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Enabling a National

VIVO Users and Needs
Faculty/Researchers

= Customize profile created via feeds; find potential collaborators, “people like
me”; discovery via high search rankings; info on activity of colleagues...

Students

= Create profiles; easily find mentors + collaborators; locate facilities, events,
funding opportunities...

Administrators

= Quickly find cross-disciplinary expertise (research area; geography); centralize
public data from diverse sources; easily repurpose information for consumers;
improve faculty collaboration within or across departments and institutions...

Funding, donor, legislative agencies
= Discover projects, grants, expertise (e.g. for review panels; targets for funding)...

General public
= Find expertise, learn about research in a region/institution...




g Enabling a National

VIVO Web Pages

ri Projch Colecions | FaciSes | Fundeg

Welcome 1o CALS Research

A pozal tn 38 CALS Resaarch actuties. Salect fhe idndl acadamic oy Seas in the anner 3bow fr 2 mon tened ew

* Expats Gukd
Home
Search
Exparts by

[ Enabling a National

VIVO Data Providers & Users

- Eagle-i (“enabling resource discovery” U24 award)
 Federal agencies — NIH (NIH RePORTER), NSF, USDA, ...
« Search Providers — Google, Bing, Yahoo, ...

« Professional Societies — AAAS, ...

« Publishers/vendors — PubMed, Elsevier, Collexis, ISI...
« Semantic Web community — DERI, ...

« Consortia of schools — SURA, CTSA...

« Producers, consumers of semantic web-compliant data




Enabling a National

Network of Scientists

Institutional Architecture

* Three sources of
VIVO information

o User data
= |nstitutional data
= Provider data

» Two formats for
output

= \Web Pages for
users

= Resource
Description
Framework for
applications

Application using
VIVO User VIVO data

>, ik

Web Pages produced by / Triples sets resulting from SPARQGL calls
VIVO and VIVO plug-ins

Manual entry Name
Controlled vocabulary Department
Facully Rank

VIVO Server. Data from manual entry and
automated processes stored as RDF friples in
standard ontology. SPARQL end point.

Publications,
Contracts and grants

=
NS
o
X
Faculty Institutional Provider
Research Data Data

Interests

Data Representation using RDF Triples

Enabling a National
Network of Scientists

Detailed relationships for a researcher at Cornell U.
Open source code (BSD) and ontology available at http://vivoweb.org.

has authn.r_% Andrew McDonald

[ Mining the record: Historical evidence for... ]

author of academlc staff

\

author of
taught by

eaches

[ css 4830
head of
faculty app0| tment in

features

. erson
featured_in P

T\

has author

rese rch area in

research area for academlc staff

’—-)
research area crop management

resea rch area for

headed by

—( NYSWRI |

faculty members
m\l Earth and Atmospheric }

Sciences

{ Cornell’s supercomputers crunch weather data to help farmers manage ’

chemicals




Enabling a National

VIVO & Linked Open Data

2010 National VIVO Conference August 12&13, NYC
http://conferences.dce.ufl.edu/vivo

VIVO makes high coverage,
high quality data from

systems of record j (
« available online \_'/'} 'S
« for free, and \ p j\\ » A A > Sy
« in machine readable =) N = AT e
format. \““/

[ wneer |

, /x/\, N
II unitarc  fe—p |

Tasanomy |

z»f;';‘:“' N
=

.

VIVO ontology is aligned
with many existing Web 2.0 (= % s«H7
and scholarly ontologies to (o
ease interoperability.
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http://vvvvvv4.vvivviss.fu—ber|in.de/bizer/pub/Iod—datasets_2_009—07—l4_col0red.pnq

VIVO Insallations
Email Contacts

02/2010 “~—

Visualization created by: Katy Bérner (concept), Jeni Coffey (design), Kaveh Ekbia (ArcGIS) and Justin Peters (ArcGIS).

The National Research Network: VIVO: Enabling National Networking of Scientists NIH U24RR029822
Start: Sept 2009

PI: Michael Conlon, University of Florida

Award amount: $12,300,000




Enoblmg Nohonol NeTworklng of Scientists
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VIVO Insallations
Emall Contacts

04/2010

Visualization created by: Katy Borner (concept), Jeni Coffey (design), Kaveh Ekbia (ArcGIS) and Justin Peters (ArcGIS).

Shown are the number of people profiles in the 7 different installation sites.

Email contacts by data and service providers as well as institutions interested to adopt VIVO.
The number of visitors on

V|VO Enoblmg N ’r nal Networking of Scientists

VIVO Insallations
Emall Contacts

06/2010

Visualization created by: Katy Bérner (concept), Jeni Coffey (design), Kaveh Ekbia (ArcGIS) and Justin Peters (ArcGIS).

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.




Computational Scientometrics
Cyberinfrastructures

@ Scholarly Database: 23 million scholarly records

http:/ /sdb.slis.indiana.edu

gwu»% VIVO Research Networking
%{’ http:/ /vivoweb.org

Information Visualization Cyberinfrastructure

http:/ /iv.slis.indiana.edu

2. Network Workbench Tool & Community Wiki
http://nwb.slis.indiana.edu

’ ﬁ Science of Science (Sci?) Tool and CI Portal

http:/ /sci.slis.indiana.edu

gﬂ‘\»% Epidemics Cyberinfrastructure
% 111/ /epic.slis.indiana.edu/

T OSGi

Alliance

51

‘“*\\W '




cyberinfrastructure for
ETWORK SCIENCE CENTER

School of Library and Information Science | Indiana University Bloomington

Cyberinfrastructures Qutreach

All papers, maps, cyberinfrastructures, talks, press are linked
from http://cns.slis.indiana.edu




