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Science of Science Studies

Science of Science Cyberinfrastructure (http://sci.slis.indiana.edu):

» Scholarly Database (SDB) (http://sdb.slis.indiana.edu) that provides free
access to 23 million scholarly records

> Sci? Tool which reads SDB data and supports the identification of activity
bursts, the extraction and display of co-authot/inventor/investigator
networks, and topical analysis, among others.

Mapping Science Exhibit
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Science of Science Studies

Science of Science Cyberinfrastructure (http://sci.slis.indiana.edu):

» Scholarly Database (SDB) (http://sdb.slis.indiana.edu) that provides free
access to 23 million scholarly records

» Sci? Tool which reads SDB data and supports the identification of activity
bursts, the extraction and display of co-author/inventor/investigator

networks, and topical analysis, among others.

Mapping Science Exhibit

Computational Scientometrics:

Studying Science by Scientific Means

Borner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003). Visualizing Knowledge Domains. In
Blaise Cronin (Ed.), Annunal Review of Information Science & Technology, Medford, NJ: Information
Today, Inc./ American Society for Information Science and Technology, 1 olume 37, Chapter 5, pp. 179-
255.

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

Borner, Katy, Sanyal, Soma and V espignanz, Alessandro (2007). Network Science. In Blaise
Cronin (Ed.), Annual Review of Information Science & Technology, Information Today, Inc./ American
Society for Information Science and Technology, Medford, NJ, 1Volume 41, Chapter 12, pp. 537-607.

Borner, Katy, Ma, Nianli, Dubon, Russell Jackson & Zoss, Angela. (2009). Science &
Technology Assessment Using Open Data and Open Code. IEEE Intelligent Systens.
Vol. 24(4), 78-81, IEEE Computer Systenss..

Places & Spaces: Mapping Science exhibit, see also




Computational Scientometrics Opportunities

Advantages for Funding Agencies

> Supportts 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 direction of research by entering information on needed technologies
(industry-pull).

Advantages for Publishers

» Unique intetface to their data.

» Publicly funded development of databases and their interlinkage.

For Society
»  Dramatically improved access to scientific knowledge and expertise.

Process of Computational Scientometrics
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Borner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003) VVisualizing Knowledge Domains. In Blaise Cronin (Ed.), Annual
Review of Information Science & Technology, Volume 37, Medford, NJ: Information Today, Inc./ American Society for
Information Science and Technology, chapter 5, pp. 179-255.




Latest ‘Base Map’ of Science
RKevin 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
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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)

+ +

Math
Law

Computer Tech
Policy Statistics

<

Economics
Lo CompSci

Phys-Chem

Education Vision . Physics ﬁChe\w1\slwy
% P

/ -
Environment GeoScience

Biology

Psychology

Psychiatry

Miciobiology
Plant

Animal

Virology g 4gp Infectious Diseases




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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Data:
SCI/SSCI 2002: proprietary
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Algorithms/Tools:
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Mapping Indiana’s Intellectual Space
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Mapping the Evolution of Co-Authorship Networks
Ke, Viisvanath & Birner, (2004) Won 15t price at the IEEE Infol”7s Contest.
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Algorithms/Tools:
Complete workflow with pointers to code are at
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Studying the Emerging Global Brain: Analyzing and Visualizing the Impact of

Co-Authorship Teams
Barner, 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 4 Data:
credit. Available as mdb from
* Novel weighted gr
* Visualization of th
co-author networ Algorithms /Tools:

¢ Centrality measure Custom DB queries and code, not available.
impact.
* Global statistical analysis ot paper

production and citations in correlation
with co-authorship team size over time.

* Local, author-centered entropy measure.

15

113 Years of Physical Review

bitp:/ [ scimaps.org/ dev/ map detail php 2map id=171

Bruce W. Herr 11 and Russel] Dubon (Data Mining & VVisualization), Elisha F. Hardy (Graphic Design), Shashikant
Penumarthy (Data Preparation) and Katy Borner (Concept)

IVeirs of Phvsical Reviaw

Data:
Available via Scholarly Database if APS permits access

(Bob Kelly, Director Journal Information Systems
The American Physical Society, 631-591-4064)

Algorithms/Tools:
Custom DB queries and code, not available.
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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. 4154264 \

Research questions: -

Harvard U

i - MIT
Hohns Hopkins U

U Calif SF, —

1. Does space still matter

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

1,505 - 1,771
1772-2.087

. . . . 2,088 - 2528
mnstitutions 1n org Data: 2530-3.039

hilgﬁig,u jilsz;fj}tli Available via Scholatly Database if you attended Sackler —
3 ]Sloes the Intern.e Colloquium on “Mapping Knowledge Domains” in

patterns, i.e., mo May 2003

produced at geog

study and work

instructions?
Contributions: Algorithms/Tools:
» Answer to Qs 1 Custom DB queries and code, not available.

» Answer to Qs 3 i

» Novel approach to analyzing the dual role o

institutions as information producers and o ﬁ Hl. ’IF ﬁ
consumers and to study and visualize the diffusion & , SRS LA
of information among them. log of geographic distance

Mapping Topic Bursts
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Algorithms/Tools:
Custom DB queries and code, not available.
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RO1 & TTURC Project Information

160,
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Reference Mapper

Dubhon & Bérner, forthcoming.

(a) Overview (b) Visual Index
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Overview

Science of Science Studies

Science of Science Cyberinfrastructure (http://sci.slis.indiana.edu):
» Scholarly Database (SDB) (http://sdb.slis.indiana.edu) that provides free
access to 23 million scholarly records

> Sci? Tool which reads SDB data and supports the identification of activity
bursts, the extraction and display of co-author/inventor/investigator
networks, and topical analysis, among others.

Mapping Science Exhibit

Provided by the Cyvberinfrastructure for Network Science Center at Indiana University.

Introduction
E. 0. Wilson writes in Consilience: The Unity of Knowledge (1998): “Features that distinguish science from
doscience are bility, economy, ion, heuristics, and consilience.”

Please see Brner's recent presentation at the 4 Deeper Look at the Visualization of Scientific Discovery NSF
Workshep for a general intreduction of the needs and the resources provided here.

Needs Analysis

As part of the “TLS: Towards a Macroscope for Science Policy Decision Making” NSF SBE-0738111
award, interviews with science policy makers are conducted to identify what ‘science of science’ research
results and tools might be most desirable and effective. So far, 30 formal, one-hour interviews have been
conducted with science policy makers at university campus level, program officer level, and division
director level for governmental, state, and private foundations. Data compilation will start in October
2008 and resulting report can be ordered by sending a request to Mark Price (maaprice@indiana.edu).

Conceptualization of Science

A ‘science of science’ requires a theoretically grounded and practically useful conceptualization of the
structure and evolution of science. A special journal issue entitled “Science of Science:
Conceptualizations and Models of Science” edited by Katv Bérner, Indiana University & Andrea
Scharnhorst, Royal Netherlands Academy of Arts and Sciences invites contributions on this topic. It will
be published in the Journal of Informetries 3(1) in January 2009.

Scholarly Database

The Scholarly Database (SDB) at Indiana University aims to serve researchers and practitioners
interested in the analysis, medeling, and visualization of large-scale schelarly datasets. The database
currently provides access to over 2o million papers, patents and grants. Resulting datasets can be
downloaded in bulk. Register for free access at https://sdb.slis.indiana.edu/.

Cyberinfrastructures

The Scientometrics filling of the Network Workbench (NWB) Tool provides a unique distributed, shared
resources environment for large-scale network analysis, modeling, and visualization. Thomson
Scientific/IS1, Scopus and Google Scholar data, EndNote and Bibtex files, or NSF awards can be read and
diverse networks can be extracted and studied. Download User Manual with focus on Scientometrics.

http:/ /sci.slis.indiana.edu




Scholarly Database
hup://sdb.slis.indiana.edu Nianli Ma

“From Data Silos to Wind Chimes”

Grants Parente Papersin Aea A Papers in Area B

Time

Scholarly Enowledge o Citation Links —a

Figure 1: The interoperabihity and cross hnkage problens. Many bt not all of today s scholarly datasets
.., papers, patents, grants, are stored and made available so that ‘vertical’ citation lnkages can be
traversad. Thers ars very fow mstancas in which datassrs of different argin and or type are ‘horzoneally’
mterhnked

» Create public databases that any scholar can use. Share the burden of data cleaning and
federation.

» Interlink creators, data, software/tools, publications, patents, funding, etc.

La Rowe, Gavin, Ambre, Sumeet, Burgoon, John, Ke, Weimao and Borner, Katy. (2007) The Scholarly Database and Its Utility for
Scientometrics Research. In Proceedings of the 111h International Conference on Scientometrics and Informetrics, Madrid, Spain, June 25-
27,2007, pp. 457-462. bhtip:/ / ella.slis.indiana.edun/ ~katy/ paper/ 07-issi-sdb.pdf

Scholarly Database: Web Interface

Anybody can register for free to search the about 23 million records and
download results as data dumps.

Currently the system has over 130 registered users from academia,
industry, and government from over 60 institutions and four continents.

JScholarly Database :: Search - Mozilla Firefox Jscholarly Database :: Results - Mozilla Firefox o [=]
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Search . Edit Profile | Admin | About | Logout | Search | Edit Profile . Admin | About | Logout

If multiple terms are entered
autornstically combined using
cancer’ matches any recard it

Creators: that fisld

y You can put AND betwesn tem Your search returned 13,291 results in 0,295 secands. (W
e [ Yo con put A0 botyaen o \?) Download
racords that contain both term g g
Abstract:
Double quatation csn be usad
all Text:  |"artificial intelligence” ftarms, 2.g., “breast cancar™ 1

the phrase “braast cancer”, ar

Search Browse Results

Totsl rasults per databasa: NIH: 2,103, Medlina: 10,235, USPTO: 279, NSF: 614

First Year: | 1965 = ‘breast’ and ‘cancer’ are both Results 1 through 20,
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lﬁ MNexts>
Last Year: | 2008 = The importance of a particular
d by putting 3 ~

e For inbtonee, Jbraast car | | Source  Authors/Crastors  Year Tite Seors (outof
! vediine (1865 - 2008) the importance of matching th "
¥ Nin (1961 - 2002) compared ko matching the ter Medline LaCombe 1987 Artificial intelligence. 571
¥ sk (1085 - z004) Medline 1989 Artificial intelligence: expert systems. 571
M uspro (1976 - 2008) Medline Schmitt 1330 [ Artifi telligence in dentistry] .71

Adlassnig and

Medline o lacenia

2002 Artificial-intelligence -augmented systems. s.60




) scholarly Database i: Downloa
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N ARIY NMNATARACE | Users can download networks:
| - Co-author

Cyberinfrastructure for Network Science Center, SLIS, Indiana University, Bloomington

- Co-investigator
Search . Edit Profile = Admin  About Logout _ Co_lnventor

- Patent citation

Download Results

Download |20000 recards starting at recard |1 frorn the fallawing databases: and tables for
T cuins all doionss. burst analysis in NWB.
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Medline Database:
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Datasets available via the Scholarly Database (* internally)

Scholarly Database: # Records, Years Covered

Dataset # Records Years Covered Updated Restricted
Access

Medline 17,764,826 1898-2008 Yes

PhysRev 398,005 1893-2006 Yes

PNAS 16,167 1997-2002 Yes

JCR 59,078 | 1974, 1979, 1984, 1989 Yes
1994-2004

USPTO 3,875,694 1976-2008 Yes*

NSF 174,835 1985-2002 Yes*

NIH 1,043,804 1961-2002 Yes*

Total 23,167,642 1893-2006 4 3

Aim for comprehensive time, geospatial, and topic coverage.

Temporal and Geospatial Coverage

SDB Records in August 2009
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------- JCR
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g 1000 —
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3 Rt
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10 / /J
1 ——— . .
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Published Year

1862 1882 1802




5_[)_]3 SCHOLARLY DATABASE

Comparison with Major Publication Data
commonly used in scientometric studies

Papers & Wikipedia Entries
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DIARLY DATABASE N , US Patents

Joint Co- Authorship Neework

Sci? Tool
http://sci.slis.indiana.edu

“Open Code for S&T Assessment”
Branded OSGi/CIShell based tool with NWB plugins

and many new plugins.

Mok Shee & Calar Flgn S 5 Cobor
Nabun o Fagers o)

Cufatnd

»

—
Geo M
€0 Vlaps GUESS Network Vis

Hierarchical Circular Visualization

18 Chemsical, Mechanical, & Chil Enghneering

TE Ceuakmetversees i S It R

Horizontal Time Graphs B o e T bt —
s I

e [ =] = D ) b £ £ b £ bl £ Ed £

Birner, Katy, Huang, Weixia (Bonnie), Linneneier, Micah, Dubon, Russell Jackson, Phillips, Patrick, Ma,
Nianly, Zoss, Angela, Guo, Hanning & Price, Mark. (2009). Rete-Netzwerk-Red: Analyzing and
Visnalizing Scholarly Networks Using the Scholarly Database and the Network Workbench Tool.
Proceedings of ISS1 2009: 121h International Conference on Scientometrics and Informetrics, Rio de Janeiro,
Brazil, July 14-17 . 170l. 2, pp. 619-630.




% Sci? Tool
File  Preprocessing  Modeling  Analysis

isualization | Scientometrics  Help

= console,
‘elcome to the Science of Science Toal (Soi
The developrment of this tool is supported i
Metuwork Science center and the School of Li
Indiana University, the Mational Science Fou
and I5-0715303, and the lames S McDonnel
Cyberinfrastructure portal thitp:ffscislis.ind

The primary investigators are Katy Bérner, In
SciTech Strategies Inc, The Sci toal was dew
1. Duhan, Patrick &, Phillips, Chintan Tank, a
Cyhberinfrastructure Shell (http:ifcishell.org
for Metwork Science Center thitp:ffons.slis.ii
Mary algarithim plugins were derived from 4
thitp:fInwh.slis.indiana.edul.

Please cite as follows:
Sci® Tearn, (2009), Science of Science Toal, T
Strategies Inc,, http:ffscislis.indiana.edu.

=2 Schedulerl

Rernawe From List | [ Rermowve cormpleted

GUESS
GruPlot

Radial Tree/Graph (prefuse alpha)

Radial Tree/Graph with Annotation (prefuse beta)
Tree Yiew (prefuse beta)

Tree kap {prefuse beta)

Force Directed with Annotation (prefuse beta)

Fruchterman-Reingold with &nnotation (prefuse beta)

Dl (WxOrd)
Specified (prefuse beta)

Horizontal Line Graph

Circular Hierarchy

Geo Map (circle annotations)

Geo Map (region coloring annotations)
Image Wiewer

Reftdapper

! Algorithm Name Date

] Estract Co-Author Metw... 0970372004 001520 4 —
¥ Load and Clean IS File 09/03/2009 00:15:05 A —

Tirne % Conr

4 [

Circular Hierarchy

d|

Serving Non-CS Algorithm Developers & Users

CIShell Wizards

o P 2 gt ¥

Alliance

S CishelK—>

1V°C Interface

i

Pl Aiuin Viristen i Mo i

Belesms v the Tnfrssine Visuslrsrion DyberTafrsscomare.

Plane schnsmienye hin et by eisinn

L w1 Loiiin e aity, BELp: A/iv-alis. intise- s
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Sci? Tool: Supported

Data Formats

Personal Bibliographies
»  Bibtex (.bib)
» Endnote Export Format (.

Data Providers

enw)

Web of Science by Thomson Scientific/Reuters (.isi)

Publish or Perish save as CSV, Bibtex,

>

»  Scopus by Elsevier (.scopus)

» Google Scholar (access via
EndNote)

>

Awards Search by National Science Foundation (.nsf)

Scholarly Database (all text files are saved as .csv)

Medline publications by National Library of Medicine

NIH funding awards by the National Institutes of Health

NSF funding awards by the National Science Foundation (NSF)
U.S. patents by the United States Patent and Trademark Office

>
(NIH)
>
>
(USPTO),
» Medline papers — NIH Funding

Network Formats

> NWB (nwb)

> Pajek (.net)

»  GraphML (xml ot
.graphml)

>  XGMML (.xml)

Burst Analysis Format
» Burst (burst)

Other Formats
CSV (.csv)
Edgelist (.edge)
Pajek (.mat)
TreeML (.xml)

YVVVY

37

lirch & practice

NWB=Sci? Tool: Algorithms (July 1st, 2008)
See https://nwb.slis.indiana.edu/community and handout

Preprocessing IEIN

Remove Nodes
Extract Top Nodes
Extract Nodes Above or Below Val
Delete High Degree Modes
Delete Random Nodes
Delete Isolates
Remove Edges
Extract Top Edges
Extract Edges Above or Below Val
Remove Self Loops
Trim By Degreel
Pathfinder Network Scaling
Sampling
Snowball Sampling (n nodes)
Node Sampling
Edge Sampling
Transformations
Symmetrize
Dichotomize
Multipartite Joining

Modeling IEIN

General
Random Graph
Watts-Strogatz Small World
Barabasi-Albert Scale-Free
Structured
CAN
Chord
Unstructured
Hypergrid
PRU
Other
TARL

Discrete Network Dynamics

Analysis
General Purpose
Network Analysis Toolkit?
Unweighted & Undirected
Based on degree/
Node Degree
Node Distribution
Based on clustering
k-Nearest Meighbor
Watts Strogatz Clustering
Watts Strogatz Clustering
Based on path
Diameter
Average Shortest Path
Shortest Path Distribution
Node Betweenness Centrality
Based on components
Cennected Components
Weak Component Clustering
K-Core
Extract K-Corel
Annotate K-Coreness®
Unweighted B Directed
Based on degree
Node Indegree
Node QOutdegree
Indegree Distribution
Outdegree Distribution
Based on local graph structure
k-Nearest Melghbor
Single Mode In-Out Degree Correlations?
Unnamed Category?
Fage Rank
Based on local graph structure #2
Dyad Reclpn}clgg_l
Arc Reclpn}clg;_l

Coeffident
Coeffidient Over k

tion |EIN
Tools
GUESS
GnuPlot?
Predefined Positions Layout
DrL (WxOrd)
Pre-defined Positions (prefuse betall
Move
Circular
Tree Layouts
Radial Tree (prefuse alpha)
Radial Tree with Annotations (prefuse betall
Tree Map
Tree View
Balloon Graph (prefuse alghall
Network Layouts
Force Directed with Annotation {prefuse beta)
Kamada-Kawai (JUNGY
Fruchterman-Reingold (JUNG)
Fruchterman-Reingold with Annotation (prefuse beta)
Spring (JUNG
Small Waorld (prefuse alpha)
Other Layouts
Parallel Coordinates (demo)®
LaMet (k-Core Decomposition)

etrics
Extract Network From Table
Extract Co-Authorship Network
Extract Co-Occurrence Network From Tablel
Extract Directed Network From TableZ
Extract Network From Another Network
Extract Biblioaraphic Coupling Similarity Network
Extract Co-Citation Similarity NetworkZ
Cleaning
Remove IS Duplicate Records




NWB=Sci? Tool: Output Formats

» NWB tool can be used for data conversion. Supported output formats comprise:
pp p p
> CSV (.CSV) Medline Co-authorship Network
Largest Component
» NWB (.nwb)
> Pajek (.net)
» Pajek (mat) . A B/
> Grﬁ.phML (.Xml or .graphml) * . : ancsak Gemge Cath}ér Pascai
st el ﬁ‘“mm :
. p @Kressler; Bryan
» XGMML (.xml) : . Wiing i
‘ ¥ ! T, Sy, v s
[ " i »':ZIW'ang,,Z
D Csernansky, Johin G
» GUESS ; Tl
Supports export of images into -~ s ,t:' o,
common image file formats. | NodeSizeandColorby | . : 'x“f”“““g
Betweenness Centrality ; S, A <
® 550 I vz, 5; .
» Horizontal Bar Graphs o zomlo I}
> saves out raster and ps files. 47
39
Q3 Exemplary Analyses and Visualizations
Individual Level

A. Loading ISI files of major network science researchers, extracting, analyzing
and visualizing paper-citation networks and co-author networks.

B. Loading NSH
Indiana U

Will be presented in hands-on Workshop on
Thursday Sept 3, 2009, 1-5pm
Institution Leve

C. Indiana U, C Together with guidance on how to design -PI
networks. workflows using 100+ algorithms

and how to dissect and design effective

Scientific Field visualizations.

D. Extracting c

BEINSPUINIB)  Bonus: Create your custom tool.




Sci? Tool Demo

& NSF - Award Search - Awardee Informatian - Mozilla Firefox = |
File Edit Miew History Bookmarks Tools Help

@ B C £2y | 4 | ttpy/fwanw.nsf. govsanardsearch/piSearch. do?SearchType=piSesrch&page= 18 ueny Text=8P[Firsthlame=&PlLasthame= 77 -

+ | nsf awards search P

£ Most Visited ’ Getting Started Latest Headlines

dvuze [ 'H' P search - § WhatsHot v S What's Mew - % Featured - @ Forvou - P Notifications

- 0 Wity Foranions Foeses B Foryscioy [

Back
Results are sorted by award date, with the most recent awards at the top. Click on a column heading to re-sort the results,

The up/down arrows at the right of each column title control whether the sort is ascending or descending.
To view the abstract, click on the award number or title. Click on the data in other columns to perform a new search with that parameter,

Refine Search
344 awards found, displaying 1 to 50.
[First/Prev] 1, 2, 3, 4, 5, 6, 7 [Next/Last]

Award NSE Principal

Title . Program(s) Start Date * ) State = Oraganization

Number Organization Investigator
Developing Guidelines for
Using Digital Media
wiguglization Resources to NATIONAL SMETE ’

0938075 ZUpPOrt Student nauir DUE DIGITAL LIBRARY 01/01/2010  lona, Kemi IL Morthwestern University
in Gnline Laboratory
Investigations
Causal Supports for Eardy DEVELOP® | EARNING

0843252 el Loarnim BCS SCIENCES/CRI 09/01/2009 Booth, Amy IL horthwestern University
CAREER: Unlocking the

0845063 Synthetic Potential of CHE METHODOLOGY 09/01/2009  Thomson, Redan IL Morthwestern University

N-Allylhydrazones

Done
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CIShell/OSGi is at the cote of different Cls and a total of 169 unique plugins are used in the
- Information Visualization (http://iv.slis.indiana.edu),

- Network Science (NWB Tool) (http://nwb.slis.indiana.cdu),

- Scientometrics and Science Policy (Scf Tool) (http://scislis.indiana.edu), and

- Epidemics (http:

epic.slis.indiana.edu) research communities.

Most interestingly, a number of other projects recently adopted OSGi and one adopted CIShell:

Cytoscape (http:/ /www.cytoscape.org) lead by Trey Ideker, UCSD is an open source bioinformatics
software platform for visualizing molecular interaction networks and integrating these interactions
with gene expression profiles and other state data (Shannon et al., 2002).

Taverna Workbench (http://taverna.sourceforge.net) lead by Carol Goble, University of Manchester,
UK is a free software tool for designing and executing workflows (Hull et al., 2000). Taverna allows
users to integrate many different software tools, including over 30,000 web services.

MAEviz (https://wiki.ncsa.uiuc.edu/display/MAE/Home) managed by Shawn Hampton, NCSA is an
open-source, extensible software platform which supports seismic risk assessment based on the Mid-
America Earthquake (MAE) Center research.

TEXTrend (http:/ /www.textrend.org) lead by George Kampis, E6tvs University, Hungaty develops a
framework for the easy and flexible integration, configuration, and extension of plugin-based
components in support of natural language processing (NLP), classification/mining, and graph
algorithms for the analysis of business and governmental text corpuses with an inherently temporal
component.

As the functionality of OSGi-based software frameworks improves and the number and diversity of
dataset and algorithm plugins increases, the capabilities of custom tools or macroscopes will expand.




.. g Overview
>

Science of Science Studies

Science of Science Cyberinfrastructure (http://sci.slis.indiana.edu):

» Scholarly Database (SDB) (http://sdb.slis.indiana.edu) that provides free
access to 23 million scholarly records

» Sci? Tool which reads SDB data and supports the identification of activity
bursts, the extraction and display of co-author/inventor/investigator

networks, and topical analysis, among others.

Mapping Science Exhibit

Mapping Science Exhibit — 10 Iterations in 10 years

]

Science Maps for Science Policy Makers (2009)
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)

= 2 = :
> Tm s | oS
- .
= R i b2 h 1k
| ‘ r
bit has been shown in 72 venues on four continents. Currently at [ —
1=

- NSE, 10th Floor, 4201 Wilson Boulevard, Atlington, VA

- Wallenberg Hall, Stanford Univers

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

- Science Train, Germany.
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Debut of 5% Iteration of Mapping Science Exhibit at MEDIA X was on May 18, 2009 at Wallenberg Hall,

Stanford University,

The Power of Maps

Four Early Maps of Our World
VERSUS

Six Early Maps of Science

(15t Iteration of Places & Spaces Exhibit - 2005)
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The Power of Reference Systems

Four Existing Reference Systems
VERSUS
Six Potential Reference Systems of Science

Impact US Patent Hierarchy Prior Art
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Synthetic Resins or Natural Rubbe

lon-exchange Polymer or Process of Prepari
Process of Regenerating
Membrane or Process of Preparing
Previously Formed Solid lon-exchange Polymer Admixed With I
Polymer Characterized By Defined Size or Shape Other than Bea
Chemically Treated Solid Polymer
Solid Polymer Derived From Ethylenically Unsaturated Reacta —~—
Solid Polymer Derived From At Least One 1,2-epoxy Containir
_ Solid Polymer Derived From Aldehyde or Derivative
From Ethylenically Unsaturated Reactant Only
From Aldehyde or Derivative

Process of Treating Scrap or Waste Product |

Process of Treating Scrap or Waste Product Containing At Least
Treating Rubber (or Rubberlike Materials) or Polymer Derived
Treating Polymer Derived From A Monomer Containing Only (
Treating Polymer Derived From Hydrocarbon Monomers Only

Treating Polysiloxane

Treating Polyester
Treating With Alcohol

Treating Polyurethane, Polyurea (excluding Urea-formaldehyde
Treating With Alcohol or Amine

Treating Polycarbonamide

Cellular Products or Processes of Preparing /
Cellular Product Derived From Two or More Solid Polymers or Fr

s - At Least One Polymer Is Derived From Reactant Containing Tw
At Least One Polymer Is Derived From An Aldehyde or Derivat
A R BRI IR T {\t !.east One Eo!ymer !s Eerivec! Erom A ;n?c:x.Reagtar!t W.’he
L A
Sclence can be thought of as themes and Themes are areas of current

reswarch, while paradigms comprise the dominant tool sets and existing knowledge that
are used by today's researchers, This map shows 776 major paradigms in schence

along with the daminant i between these i F are
shown as circles; strong relationships between paradigms are indicated by the

lines connecting the circles. The map was created by recunsively clstering

the B20,000 papers referenced most often in 2003, Clistering at each level

B was done using VxOrd, a force-directed graph layout routine. These
papens formed 53,000 clusters, &,100 higher-level clusters, and finally

the 776 paradigma. Although each paradigm contains, on average,

— um - .‘ 1
*h. - - 1 1,000 papers, some are larger and some are smaller, a3 shown by
= - different sized circles on the map.
) 4 iled P
O . N sy

4 The ring-ke structure that is formed by sclentific
. s very robust. We find similar structures for different years,
and for maps generabed from scientific journals. “The
Structure of Schence®, a galmey map shawn In the first

{reration of Places & Spaces, is a map based on clustering

of scientific journals, with superimpasition of papers

on the journal structure, wheneas this map was gene-

€ rated directly from highly-cited papers. =The Structure
of Schence™ shows curment schence In a disciptinary

context, while this map can show the breadth of

disciplines that contribute to single paradigms,

: ¥ Heemcal o 3 [ P
Computdl - Froineertia s 4 AT
; Scienos : = Fluid

Because of the robust nature of the structure of
science and its paradigms, we have placed our

776 scientific paradigms within a reference sys-
tem containing 12 radial slices and 6 rings. This
allows the position of each paradigm to be codified
and available for lockup; for imtance Fluid
Mechanics paradigms are In grid B3.

W have also calculated and displayed the vitality

of each paradigm, Vitality is a measure of the

speed at which a group of researchers reaches

— about major Paradigrns are
constantly being improved, but it usually takes years

o reach consensas about which improvements are

major. The white circles represent communities where
consensus is reached relatively slowdy, This Is a common
phenomenon in the wocial sciences, ecological sciences,
computer sciences, and mathematics disciplines. The

red circles rep of where
consensus is reached relatively rapldly, This is more

«comman in physics, chemistry, biochemistry, and many medical
dizciplines, Yery dark circles (3uch a3 those in Astrophysics, L3-6)
represent communities where consensus 5 reached extremely quickly.

E The map of scientific paradigms and fts reference system can be
wused for multiple purposes. Countries, industrics, companies, universities,

and Individual recearchers can all locate themselves within the map, either

a5 tingle paints, or A% 4 spacific collaction of paradigms, Various metrics, guch at
vitality, can be overlayed on this reference system to highlight specific impacts.
Science and personal can also be enhanced by linking stories and
facts to the map that highlight scieatific history, current advances and relationships
between sclentific parsdigms.




The Power of Forecasts

Four Existing Forecasts
VERSUS
Six Potential Science ‘Weather’ Forecasts

(372 Iteration of Places & Spaces Exhibit - 2007)

114 Years of Physical Review - Bruce W. Herr 11, Russell Dubon, Katy Borner, Elisha Hardy, Shashikant Penumarthy - 2007




Forecasting Large Trends in Science

MAPS OF SCIENCE

Maps of Science: Forecasting Large Trends in Science - Richard Klavans, Kevin Boyack - 2007

Science Maps for
Economic Decision Making

Four Existing Maps
VERSUS
Six Science Maps

(4" Iteration of Places & Spaces Exchibit - 2008)
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Science Maps for
Science Policy Making

Four Existing Maps
VERSUS
Six Science Maps

3 ¥ -
ot et o -}
b bl —— £esfgeergassatend

(5% Iteration of Places & Spaces Exchibit - 2009)

CLicksTREAM MaP
OF SCIENCE

This Is the first map created from large-
Fwide, scholary usa
collective flow of s

LEGEND

other in their online navigation behavior,

DATA 20108 - camor

00,000 user requests

A Clickstream Map of Science — Bollen, Johan, Herbert Van de Sompel, Aric Hagberg,
Luis M.A. Bettenconrt, Ryan Chute, Marko A. Rodriquez, Lyndmila Balakireva - 2008




Chemical Research & Develomeent

Powers the U.S. In_novaﬁon

ormic Imiplic

I

FEDERAL
GOVERNMENT

il

FEDERAL FUNDING

CHEMICAL
INDUSTRY

N

$1B- $1B + $5 Billion

ARE—

e 70 YEARS

if Publ d

$5 Billion

INDUSTRY FUMDING

$10 Billion

CHEMICAL INDUSTRY
OPERATING INCOME

The Council for Chemical
Research (CCR)

ngine

B85

B

$8 Billion

TAXES

L.5. ECONOMY

$40 Billion

GROWTH IN GNP

-+
600,000

JOBS CREATED

hemical R&>D Powers the U.S. Innovation Engine.
tesy of the Council for Chemical Research - 2009
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Additional Elements of the Exhibit

Illuminated Diagram Display
Hands-on Science Maps for Kids

Worldprocessor Globes

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 screef.

» Who is doing research on what topic
and where?

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

» What impact have scientists?
Interactive touch panel.

—

AERE: HFREANLEfd

Contributions:

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

68




Nanotechnology

This overlay shows the distribution
of nanotechnology within the para-
digms of science. The majority of
current work in nanotechnology
takes places in physics, chemistry,
and materials science, at the upper
right portion of the map. However,
an increasing amount of nanotech-
nology is being applied in the bio
logical and medical sciences, at the
lower right.

Nanotechnology

This overlay shows the distribution
of nanotechnology within the para-
digms of science. The majority of
current work in nanotechnology
takes places in physics, chemistry,
and materials science, at the upper
right portion of the map. However,
an increasing amount of nanotech-
nology is being applied in the bio-
logical and medical sciences, at the
lower right.

Nanotechnology

Scfence an the tiny
scale of molecules

Nanotechnology

Scfence an the tiny
seale of molecules
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Re-implementation of Illuminated Diagram Software
by Advanced Visualization Lab, Indiana University

Drives unlimited number of IID screens.

Science World
——) —l-..__

Touch screen for direct interaction.
Keyword and name search.
Selection of canned queries for

- interdisciplinary research areas

- famous people

- activity patterns, e.g., bursts, trends, etc.




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,
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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




