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Project Description

This project aims to develop monitoring, modeling, and forecasting approaches and
tools for fostering an innovative science and technology workforce. Large scale
datasets of scholatly activity including funding, publications, patents, and job
openings among others will be analyzed and modeled. Existing models in statistical

mechanics, nonlinear dynamics, network theory, and evolutionary theory will be
applied, synthesized and extended to capture the structure and dynamics of the US
scientific workforce. We are particularly interested to model individual and team
‘diversity’ (in gender, ethnicity, disciplinarity, and institutions—academic, industry,

government) as a main predictor of innovation and the spontaneous emergence of
communities of innovation. The models and their analytical predictions will be
rigorously validated using empirical data and applied to forecast implications of
different policy interventions and funding decisions. The most predictive
computational models that best address science policy maker needs will be made

available as a custom tool to support development and management of interventions
and training programs, to guide the collection and analysis of data necessary for
program design and management, and to communicate general trends to relevant
stakeholders.
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Descriptive Models of Science

» Detect advances of scientific knowledge via "longitudinal mapping" (Garfield,
1994).

» Synthesis of specialty narratives from co-citation clusters (Small, 1986).

» Identify cross-disciplinary fertilization via "passages through science" (Small, 1999,
2000).

» Understand scholatly information foraging (Sandstrom, 2001).

» Knowledge discovery in un-connected terms (Swanson & Smalheiser, 1997).

» Determine areas of expertise for specific reseatchet, research group via "invisible
colleges" (note that researchers self definition might differ from how field defines
him/her) (Crane, 1972).

» Identify profiles of authors, also called CAMEOS, to be used to for document
retrieval or to map an author’s subject matter and studying his/her publishing
career, or to map the social and intellectual networks evident in citations to and
from authors and in co-authorships (White, 2001).
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Descriptive Models of Science cont.

» Identification of scientific frontiers http://www.science-frontiers.com/.

IST's Essential Science Indicators http:/ /essentialscience.com/

Import-export studies (Stigler, 1994).

Y V V

Evaluation of 'big science' facilities using 'converging partial indicators' (Martin,
1996; Martin & Irvine, 1983).

Input (levels of funding, expertise of scientists, facilities used) - output
(publications, patents, Nobel prices, improved health, reduced environment
insults, etc. - influenced by political, economic, financial, and legal factors studies
(Kostroff & DelRio, 2001).

» Determine influence of funding on research output (Boyack & Borner, 2002).

A\

» How to write highly influential paper (van Dalen & Henkens, 2001).

ql INDIANA UNIVERSITY

Process Models of Science
Can be used to predict the effects of
» Latge collaborations vs. single author research on information diffusion.

» Different publishing mechanisms, e.g., E-journals vs. books on co-authorship,
speed of publication, etc.

» Supporting disciplinary vs. interdisciplinary collaborations.
» Many small vs. one large grant on # publications, Ph.D. students, etc.

» Resource distribution on research output.

> ...

In general, process model provide a means to analyze the structure and
dynamics of science -- to study science using the scientific methods of science as

suggested by Derek J. deSolla Price about 40 years ago.
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Council for Chemical Research. 2009. Chemical R&D Powers the U.S. Innovation Engine.

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

Data:
Scholarly Database
VIVO National Researcher Network
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Scholarly Database at Indiana University
bttp:/ [ sdb.wiki.cns.in.edu

Supports federated search of 25 million publication, patent, grant records.
Results can be downloaded as data dump and (evolving) co-author, paper-citation networks.
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Scholarly Database at Indiana University
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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).

» Facilitates research discovery and cross-
disciplinary collaboration.

« Simplify reporting tasks, e.g., generate _ o~ C SRR
biosketch, department report. e

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

Conlon, Mike

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

Co-Author Network (GraphML File

Network Analysis (With Whom?) Who is co-authoring, co-investigating, co-inventing
with whom? What teams are most productive in what projects?
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Geospatial Analysis (Where) Where is what science performed by whom? Science is
global and needs to be studied globally. (in work)
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) Video and paper are at




reh & practice

Type of Analysis vs. Level of Analysis
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Forgot your password?

To recover your account password, please visit our password recovery page.

Not registered yet?
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Tutorials
Institutes of Health, Bethesda, MD
Secott Weingart,
Biberstine (2010
Science, Indiana

Tutonal #01
Tutonal #02:

Science of Science Research
Network Science / Information Visualization

Tutonal #08: N

Tutoral #09: L

Tutorial #10: Us|

Tutonial #11: VIVO National Researcher Networking
Tutonal #12: Future Developments

hench and Science of Science Tool

Katy Bamer (2010) Science of Science Research and Tools (12 Tutonals). Reporting Branch, Office of Extramural Research/Office of the Director, Nahonal

bhitp:/ [ sci2.cns.in.edn

bhttp:/ [ sci2.wiki.cns.iu.edn

Geetha Senthl (2010). Multidisciplinary Nature of Work With Reference to PIs and 1Cs Within a Portfolio. PA Group at NIH

NIH Office of Extramural Research and Katy Bomer (2010) Network Visualizations Using SPIRES Data and the Sci2 Tool. Office of Extramural

Research at NIH
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e of Soience
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OSGi/CIShell powered tool with NWB plugins and
many new scientometrics and visualizations plugins.
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Borner, Katy, Huang, Weixia (Bonnie), Linnemeier, Micah, Duhon, Russell Jackson, Phillips, Patrick, Ma, Nianli, Zoss,
Abngela, Guo, Hanning & Price, Mark. (2009). Rete-Netzwerk-Red: Analyzing and 1 isualizing Scholarly Networks
Using the Scholarly Database and the Network Workbench Tool. Proceedings of ISST 2009: 121h International Conference
on Scientometrics and Informetrics, Rio de Janeiro, Brazil, July 14-17 . 1ol. 2, pp. 619-630.
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File Preprocessing Modeling Analysis [Visualization | Sci trics  Help
] | GUESS
‘Welcome to the Science of Science Tool (Sci GruPlot

The development of this tool is supported in
| Network Science center and the School of Li|
Indiana University, the National Science Fou{
and 05-0715303, and the James 5. McDonnel
Cyberinfrastructure portal (http:fiscislis.ind

The primary investigators are Katy Bomer, In
SciTech Strategies Inc. The Sci’ tool was dew
J. Duhon, Patrick A. Phillips, Chintan Tank, a|
Cyberinfrastructure Shell (httpsficishell.org)
for Network Science Center (http:ffens.slis.in
Many algorithm plugins were derived from t
(http:/inwb.slis.indiana.edu).

Please cite as follows:
Sci® Team. (2009). Science of Science Tool. Ir
| Strategies Inc., http:fiscislis.indiana.edu.
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& EpiC Tool

File'.Comg | Modeling | N PE——— T R Help
O Console. = O | i{it Data Manager =0
WelcomaiothafaiCioolbichaupnansthamadslingeanalisisans visualization of epidemic processes. ||| |
L& EpiC T,
TheEpid = e e . [he NIHRM-07-004 award. The
primary] File I P a] g Dr. Jim Sherman.
| Create a compartmental model
The Epi @ﬁ
Chin Hal | Wel¢ Edit compartmental model ng, a

EpiC uses the Cyberinfrastructure Shell (http://cishell.org) developed at the Cyberinfrastructure for
MNetwork Science Center (http://cns.slis.indi

Visualization R Help
Please cite as follows: e
EpiC Team. (2009). EpiC Tool. Indiana Unived Single-Population

|
hintan Tank, Jeseph Biberstine, ‘
Exact ‘

MNetwork

2 Scheduler

==
| Remove From List f'__Remweccmpleledaw::maticnfly R all co | Vmﬁzlﬁon] RinHelp

m

! Algorithm Name Date Time % Complete @ Help

Create an R Instance

|
|
|
Line Graph | ‘

Run Rgui

Import Table Into R |

Export Table From R ‘

e ]

References

Borner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003). Miipibng Kociadgs Diomal s

Visualizing Knowledge Domains. In Blaise Cronin
(Ed.), ARIST, Medford, NJ: Information Today, Volume o Digitl Libaries
37, Chapter 5, pp. 179-255. ]
http://ivl.slis.indiana.edu/km/pub/2003-borner-arist.pdf

Shiffrin, Richard M. and Bérner, Katy (Eds.) (2004).
Mapping Knowledge Domains. Proceedings of the
National Academy of Sciences of the United States of America,
101(Suppl_1).

http://www.pnas.org/content/vol101/suppl 1

2006 GALL

BRILLIANT DISPLAY

Boérner, Katy (2010) Atlas of Science. MIT Press.
http://scimaps.org/atlas

Bérner, Katy, Sanyal, Soma and Vespignani, Alessandro s el b, e tha ary dmond 1 e Gyt s o ened
e sirceahl engren, e puriut of inowledpe s uo s bar tareal bty Th ittus,
(2007). Network Science. In Blaise Cronin (Ed.), ARIST, by G rla s et ey e
Information Today, Inc., Volume 41, Chapter 12, pp. 537- mimirpeie ot gl e
607. s :
http://ivl.slis.indiana.edu/km/pub/2007-borner-arist.pdf }
i
r ]
|

Scharnhorst, Andrea, Bérner, Katy, van den Besselaar,
Peter (2011) Models of Science Dynamics. Springer
Verlag.

26




cyberinfrastructure for
I:—I'WOR CIENCECENTER

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

CNS Facebook: http://www.facebook.com/cnscenter

Mapping Science Exhibit Facebook: http://www.facebook.com/mappingscience
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