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Web Science meets Network Science

Opportunities
» High quality data, e.g., semantic web data
» Advanced data analysis techniques

» Visual communication of results to a large audience, e.g., using science maps

Challenges

» Different languages, cultures, value systems, data formats

» Interplay of science, engineering, and design

Disclaimers for my talk:

> Just visuals but 80% of effort to create those is spent on data cleaning while
another 15% is spent on data analysis

» For formulas see references

Science and Technology Maps




Science Map Users

Advantages for Funding Agencies

» Supports monitoring of (long-term) money flow and research developments, evaluation of
funding strategies for different programs, decisions on project durations, funding patterns.

> Staff resources can be used for scientific program development, to identify areas for future
development, and the stimulation of new research areas.

Advantages for Researchers

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

» More time for research and teaching.

Advantages for Industry

» Fast and easy access to major results, expetts, etc.

» Can influence the ditection of research by enteting information on needed technologies
(industry-pull).

Advantages for Publishers

» Unique intetface to their data.

» Publicly funded development of databases and their intetlinkage.

For Society
»  Dramatically improved access to scientific knowledge and expertise.
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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, Arlington, VA
- Center of Advanced European Studies and Research, Bonn, Germany
- University of Michigan, Ann Arbor, MI




73 1 Rl e et
Tue 70wWER OF FORECASTS 2007

> A Q Forecasting Large Trends i Science
* Avisualization of 7.2 million scholarly documents 3
appearing i over 16,000 journas, proceedings orsymposia
‘between Jan, 001 and Dec, 2005

Today used as a .

i inloc Haitmaiities
science “base map”’, : ol }‘
see later slides




2009

LIS Vuuras amums s bosce

T

Chemical Research & Development e Councl fr chemca
Powers the US. Innovation Engine  EEg

Macroeconomic Implications of Public and Private R&D Investments in Chemical S

FEDERAL
GOVERNMENT

i,
$1 Billion i $8 Billion

FEDERAL FUNDING TAXES
r—

$5 Billion

INDUSTRY FUNDING

CHEMICAL
INDUSTRY

&

$1B- $1B + $5 Billion -~ $10 Billion $40 Billion
145 YRS— —— P11 YEARS ——— GROWTH IN GNP
T E——— " oma | CHEMICAL INDUSTRY

OPERATING INCOME

e 890000

U.5. ECONOMY

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.
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Lyudmila Balakireva. 2008. A Clickstream Map of Science.

Debut of 5% Iteration of the Mapping Science Exhibit at MEDIA X was in 2009 at Wallenberg Hall,

Stanford University, y




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




Interactive S&T Maps
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Scholarometer®®*? is a social tool to
facilitate citation analysis and help
evaluate the impact of an author's

publications.

Install the browser extension and start querying and tagging authors!
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Interactive World and Science Map of S&T Jobs
Angela Zoss, Michael Connover, Katy Birner (2010)

Visualization of Job Postings
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Visualization of Job Postings
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Mapping Sustainability Research

Detail

Canat'ia : » Sy o Geographic Visualization

Here we have a more traditional view of the 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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Geographic Map Waps Detail Diata Aboul.:“

AB ME Anew field of Swstainability Science and Enginesring is
BC SK ML emerging that seeks to understand the fundamental
character of interactions between nature and human
ON ac society and to help steer the impact of humanity's needs
Guiror st on the planet's natural resources towards sustainable
L e trajectaries. The field is unified in clear terms by its
INB— ultimate goals but occupies an interdisciplinary position
MEL ns armong traditional research fields, spanning hoth science
L0 NH and engineering and spreading across disciplines as
A diverse as agriculture, ecology, oceanography, climate
sorth Pacific, gy ur s RI studies, economics, a diverse set of social sciences,
Qcean .‘ DE NJ energy and materials and several additional aspects of
engineering, physice, biology, and chemistry. Although
Sustainability Science and engineering is by now widely
A':I::‘:'c discussed in the scientific and engineering community,
Gult of Ocean and is beginning to be connected to the political agenda
2o Ny for econoric and social development, it remains unclear
Méxice to what extent its many facets are being integrated into a
PR £ global perspective and whether researchers are utilizing
I it as a nexus to collaborate across traditional scientific
North|Pacific e Caribbean and engineering fields.
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Funding Publications Patents
This web site provides an interactive interface to

publication, patent, and funding data on hiomass' and
‘hiofuel' research. Visitors are invited to explore what
funding is availahble inwhat geospatial regions and in
what 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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The science map at 13 top-level scientific disciplines level.
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The science map at 554 sub-disciplines level.
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Ahstract
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S&T Studies Using

Semantic Web Data

Linked Open Data

» Interlinking existing data silos and

» Exposing them as structured data

» Adding new high quality data relevant for S&T studies
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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
editor originally developed at Cornell U.

* Integrates research and scholarship info
from systems of record across
institution(s). : R

- Facilitates research discovery and cross- e S
disciplinary collaboration.

« Simplify reporting tasks, e.g., generate

biosketch, department report. . = -

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 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 (U 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 Pl), 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.

Saarch ressles for ‘gerlatries’

Clinical and Translational
Science Institute
UNIVERSITY of FLORIDA

UF
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University of Florida

How do you want to compare?

by Grants -
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Records 1-10 of 30 « First «Prev Next > Last »
Entity Label Grant Entity Type
Count
[¥]  continuing 562  UF Department, Agent,

Education Mon-Academic Department,
Department

¥l Florida Museum 203 Museum, Agent
of Natural History

¥ College of 166 Agent, UF College, College
Agricultural and
Life Sciences

¥ college of 103 Agent, UF College, College
Engineering

[ EvelynF.and 64 UF Center, Agent, Center
William L.
McKnight Brain
Institute of the
University of
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Conlon, Mike

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

Co-Author Network (CraphML File)

Conlon, Mike

Associate Director and Chief O

12 Co-author(s)
1891 First Publication

2004 Last Publication

Mote: 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. Conlon; Mike

Fepine,Carl 1

Refresh J { Sort alphabetically ] { 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?

T,

File Edit Wiew History Bookmarks Tools Help

- L @https:,-‘,-'vivo.ufl.edu,-'individual;‘n25562,’n25562.rdf L7 - M- scival
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This XL file does not appear to have any style mformation assoiated with it The document tree 15 shown below.
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<} 3:featuredIn rdf:resource="http:/frive ufl eduwindrmidualn3sE4" >

Done




g national Enabling a National
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Networks and Complex Systems Research at Indiana University

This YYD instance provides information on networks and complex systems

e Faculty and their departrments
* Publications

e Grants

* Courses

at Indiana University. The site was created in support of a MSF 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

» MNew faculty to get in contact with relevant researchers.

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

* Faculty to coordinate research efforts — collaborations using existing funding/resources.
s Faculty to coordinate teaching.

e Students identify relevant courses, potential advisors, funding.

® Organize the Mon talk series on Metwarks and Complex Systems.

e Arrange research meetings for visitors with relevant faculty/students

http://vivo-netsci.cns.iu.edu
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Co-Investigator Network (GraphML File)
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Borner, Katy

: Data Download Support
General ﬁ.ll:tnl.lu Enabling a National

Network of Scientists

cemernamt.l . l General Statistics
e * 36 publication(s) from 2001 to 2010

¢ 80 co-author(s) from 2001 to 2010

Co-Author Network

Save as Image (PNG file)

Tables
* Publications per year
¢ Co-authors

St i et i 2 et b ¢
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Tables

Yom

36 publication(s) from 2001 to 2010 T eens

o002 Enabling a National

Network of Scientists

80 co-authot(s) from 2001 to 2C

Year, Count Co-Authoris)

2001 1/ Chen C.

2002 3 Chen C.; McMahon T.; Feng Y.
2003 2 Chen C.; Boyack KWW,

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

Rt =R TR R Rt B SR S N |

Co-author network

<rxml wersion="1.0" encoding="UTF-8":>
<graphml xmlns="http://graphml. graphdraving. org/<nlns"™
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id="lahel™ for="node” attr.name="label”™ attr.type="string™ />
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er nietwork of Bomer, Kaly

Save as Image (.PNG file)

Publications per year , see top file.

Co-authors Co-Author

Boyack KW,
Bozicevic M.
Brodbeck D.
Burkhard R.A.
Chen C.




Run Science of Science (Sci2) Tool and load Co-Author Network

I;:L'ScllTool
File Data Preparation  Preprocessing  Analysis - Modeling  Visualization  Help

Bl console

Enabling a National
Network of Scientists

138 Data Manager

Please cite as follows:
Sci® Tearn, (2009), Science of Science (5ci®) Tool, In
Strategies, http:lisci. diana.edu,

5 Load

t‘tp:.f.i't.:ns-trac.sl : Gr: A £
PrefuseTreehdLValidation

Load... was selected, HGMMIL netwark farmat

Docurnentation: hittps:finwb.slis.indiana.edufcom

The file you have selected can be loaded using one or . Q
miore of the following formats. Nodes. 81

Please select the format you would like to try.

= Network Analy:

Edges: 390

B Scheduler|

[ Select ” Cancel HDetaMs b2

% Sci? Tool
File DataPreparation Preprocessing  Analysis  Madeling Help
B Console| | General

; Termporal
Please cite as follows: i

| Sci® Team, (2009), Science of Science (Sci® Tool, Indiana Geospatial
\'vaers\ty and stuTech Strategies l‘-u : 1 Wil

Topical

Click on node to focus on it.

=3

TthL files C:\Users\User\De sktop\barner-katy.coauthor-network.graphm|xml
GLESS

Radial Tree/Graph (prefuse alpha)
Radial Tree/Graph with Annotation (prefuse beta)
Tree View (prefuse beta)

Tree hap (orefuse beta

Hover over a node to highlight its co-authors.

Code and tutorials are linked from

COMMUNICATIONS

ACM.ORG JOIN ACM O ABOUT COMMUHNICATI

http://cacm.acm.otg
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Browse by Subject

@ Commu
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CONTRIBUTED | COMMUNICATIONS OF THEACM | MARCH 2011
Plug-and-Play Macroscopes

an use frameworks to create macroscopes with little help from CS.
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Enabling a National
Network of Scientists

VIVO National Level Visualizations

Scripps
VIVO

Cornell N Ana_ys:é-&- =
VIVO =\ Visuali

Search g zatlon Regional
-y e .

Linked Open Data

\/|VO Enoblmg National Networking of Scientists

http://www.vivoweb.org

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

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

Profiles  Emails Web Visits
100 © | 100
10,000 10 10,000 j T g
100,000 100 1,000,000 S== = - .
Created by: Jennifer R. 5. Coffey (design), Kaveh Ekbia, Justin Pelers (ArcGIS) and Katy Bémer (concept).

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

Geospatial Analysis (Where) Where 1s what science performed by whom? Science is
global and needs to be studied globally. (in work) 60




\/|VO Enoblmg National Networking of Scientists

http://www.vivoweb.org

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

VIVO People Profiles 33,551

VIVO Email Requests 30
VIVO Web Visits (Countries) 145,096
VIVO Code Downloads 86

Profiles  Emails Web Visits

100 @ 1 100
10000 10 10,000 FE
100,000 100 1,000,000 &

Created by: Jennifer R. 5. Coffey (design), Kaveh Ekbia, Justin Pelers (ArcG1S) and Katy Bémer (concept). i

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.

\/|VO Enoblmg National Networking of Scientists

http://www.vivoweb.org

Cumulative Counts (World)
Jan 29 - Jul 30, 2010

VIVO People Profiles 40,841
VIVO Email Requests 128
VIVO Web Visits (Countries) 300,254
VIVO Code Downloads 748
Profiles  Emails Web Visits

100 © 1 100

10,000 10 10,000 S
100,000 100 1,000,000 &

Created by: Jennifer R. 5. Coffey (design), Kaveh Ekbia, Justin Pelers (ArcG1S) and Katy Bémer (concept). i

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)
Activity Visudlization

Number of People Profiles . Number of Publications

Search Results for

Shaw onby resulls of thes s

Cornell Un

enabling national
networking of scientists

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

http://vivoweb.org/conference




Future Developments:

- Mapping real-time data
- Community annotation & data marketplaces
- S&T broadcasts and forecasts
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a place to put maps

Welcome to Featured Map

i ; e, Happy 3rd Birthday Ha]’!‘ﬁy

MapTube is three years old and has just passed the
e = Birthday!

1000 maps milestone.

Ta celebrate this, over the coming month we will be
adding a new map creation service to make it easy
to create maps from data in C3V files.
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cyberinfrastructure for
ETVWORK SCIENCE CENTER

School of Library and Information Science | Indiana University Bloomington

Cyberinfrastructures Qutreach

All papers, maps, tools, talks, press are linked from
http://cns.iu.edu
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