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Computational Scientometrics:

Studying Science by Scientific Means
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General Process of Analyzing and Mapping Science

(1) Data (2) Unit of (3) Measures Layout (often one code does both similarity and ordination steps) (6) Display
Extraction Analysis (4) Similarity (5) Ordination
Searches Common Counts/ Frequencies | Scalar (unit by unit matrix) Dimensionality Reduction Interaction
WoS Choices Attributes (e.g. Direct citation Eigenvector/Eigenvalue Solutions Browse
Scopus Journal terms) Co-citation Factor Analysis (FA) Pan
Google Scholar | Document Author citations Combined linkage Principal Components Analysis (PCA4) | Zoom
MEDLINE Author Co-citations Co-word/co-term Multi-Dimensional Sealing (MDS) Filter
Patents Term By year Co-classification Pathfinder Networks (PFNet) Query
Funding Self-Organizing Maps (SOM) Detail on
Thresholds Vector (unit by attribute Topies Model demand

Broadening By counts matrix)
By citation Vector Space Model Cluster Analysis Analysis &
By terms (words/terms) Partition Interpretation

Latent Semantic Analysis Hierarchical

(LSA)

Singular Value Spatial Placement

Decemposition (SVD) Triangulation

Force-Directed Placement (FDP)
Correlation (if desired)
Pearson’s R on any of above

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

Latest ‘Base Map’ of Science
Revin 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.
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Science map applications: Identifying core competency
Revin W. Boyack, Katy Borner, & 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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Opportunities

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

» Easy 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 interface to their data.

» Publicly funded development of databases and their interlinkage.

For Society
»  Dramatically improved access to scientific knowledge and expertise.
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Information Diffusion Among Major U.S. Research Institutions
Borner, Katy, Penumarthy, Shashikant, Meiss, Mark & Ke, Weimao. (2006). Mapping the Diffusion of Information
among Major U.S. Research Institutions. Scientometrics. 1'ol. 68(3), 415 - 426.

Questions:

1. Does space still matter in the Internet age,
i.e., 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?

2. Does the Internet lead to more global
citation patterns, i.e., more citation links
between papers produced at geographically
distant research instructions?

Contributions:

» Answer to Q1 is YES.

» Answer to Q2 is NO.

> Novel approach to analyzing the dual role
of institutions as information producers and
consumers and to study and visualize the
diffusion of information among them.




20-Year PNAS Dataset (1982-2001)

Coverage in terms of time span, total number of papers, and complete author’s work

Papers citing
papers in X

Papers in X l
Papers cited by
papers in X 1

Other
Publications

# papers

1982 2001 time

Citation Matrix

Unsymmetrical direct citation linkage patterns among the top 500 institutions. High peak values in the
diagonal reflect the high amount of self-citations for all institutions. Medium peak horizontal and
vertical lines denote references from and citations to papers written at Harvard University.

Information Sources (Export)
and Sinks (Import)
Calculate ratio of the number of

3500 citations received by an institution
23000 | divided by the sum of received
B oo citations and references made,
= .
-%_zm multiplied by 100.
o .
= |
@ :
£ 1500 L 131 have a value between 0-40%

acting mostly as information
producers = information sources.

71 have a value between 60-100%
and act mostly as information
consumers — they reference a
large number of papers but the
number of citations they receive
is comparably low = information
sinks.

(Tobler, 1995)




Geographic Location of Received Citations

Unsymmetrical direct citation linkage patterns among the top 500 institutions. High peak values in the
diagonal reflect the high amount of self-citations for all institutions. Medium peak horizontal and
vertical lines denote references from and citations to papers written at Harvard University.

Harvard U

Stanford U
U Calif}R

MIT
Johns Hopkins U

@ 1505-1,771
01,772-2,097
0 2,098-2529
© 2,530-3,039
® 3,040-4172

Information Flow Among the Top-5 Consumers and Their Top-10 Producers

U.S. states are color coded based on the total number
of citations received by their institutions
(excluding self citations).

‘Flarvard U

Dots indicate the five producers. Staiitard U

Each has a different color, e.g., Harvard U is yellow.
Dot area size depicts number of citations.

Lines represent citations that interconnect producers
and consumers shaded from colored (soutce of
information) to white (sink of information).

Consumers, i.e.,  #citations  Top ten producers, i.e., institutions that are cited by institution

citing institutions  made listed in first column ordered by decreasing number of citations
received.

Harvard U 13,552 MIT. Massachusetts Gen Hosp. Brigham & Womens Hosp,

Johns Hopkins U, Stanford U, U Calif San Francisco, Yale U,
Rockefeller U, U Washington, Washington U

U Calif SF 4,682  Harvard U, MIT, Stanford U, Johns Hopkins U, U
Washington, Washington U, U Calif Berkeley, U Texas, U
Calif SD, U Calif LA

MIT 4,655 Harvard U, Whitehead Inst Biomed Res, Johns Hopkins U,
Stanford U, U Calif SF, Yale U. Rockefeller U, U Calif LA,
Massachusetts Gen Hosp, U Calif Berkeley

NCI (zip: 20814) 4,519 Harvard U, NCI (zip: 20205), NCI (zip: 21701), MIT, Duke U,
Johns Hopkins U, NIAID NICHHD. Stanford U, U Calif SF Paper also shows top-5
Yale U 4,464  Harvard U, MIT, Stanford U, Rockefeller U, Johns Hopkins

; ! - producers and their top-
U, Washington U, U Calif SF, U Washington, NCI,
Massach Gen Hosp 10 consumers.




Changes in Citation Behavior Over Time

Unsymmetrical direct citation linkage patterns among the top 500 institutions. High peak values in the
diagonal reflect the high amount of self-citations for all institutions. Medium peak horizontal and
vertical lines denote references from and citations to papers written at Harvard University.
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1997 - 2001

1000%
' 1982-1986: 1.94 (R=91.5%)
1987-1991: 2.11 (R=93.5%)
1992-1996; 2.01 (R=90.8%)
1997-1901: 2.01 (R=90.7%)

100§

10§ As time progresses and the amount of produced
papets increases, space seems to mattet mote.

I VI%M '\ Authors are more likely to cite papers generated by

10 100 authors at close-by institutions.
log of geographic distance

log of number of institutions citing each other

— PNAS

Identifying Research Topics and Trends Mg Kol Do

-e

Mane & Birner. (2004) PNAS, 101(Suppl. 1): 5287-5290.
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Modeling the Co-Evolving Author-Paper Networks
Bérner, Katy, Maru, Jeegar & Goldstone, Robert. (2004). The Simultaneons Evolution of
Author and Paper Networks. PNAS. Vol. 101Suppl. 1), 5266-5273.

The TARL Model (Topics, Aging, and Recursive Linking) incorporates
» A pattitioning of authors and papers into topics,
» Aging, i.c., a bias for authors to cite recent papers, and

» A tendency for authors to cite papers cited by papers that they have read resulting in a rich get richer
effect.

The model attempts to capture the roles of authors and papers in the production, storage, and
dissemination of knowledge.

Model Assumptions

»  Co-author and papet-citation networks co-evolve.

» Authors come and go.

» Papers are forever.

»  Only authors that ate 'alive' are able to co-author.

» Al existing (but no future) papers can be cited.

» Information diffusion occurs directly via co-authorships and indirectly via the consumption of other

authors’ papers.

\4

Preferential attachment is modeled as an ewergent property of the elementary, local networking activity of
authors reading and citing papers, but also the references listed in papers.
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Model Farameters (O=without, 1=with)

0/1
0/1
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Topics
Co-authors
Consider References

o Aging Function

Model Initialization Values

2 # vears

5 # authors in Start Year

5 # Papers in Start Year

2 # Papers Consumed (Referenced) per Paper
1 # pPapers Produced per Author each Vear

5 # Topics
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1  # Levels References are Considered
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Simple Statistics
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Model Validation

The properties of the networks generated by this
model are validated against a 20-year data set (1982-
2001) of documents of type article published in the
Proceedings of the National Academy of Science
(PNAS) — about 106,000 unique authors, 472,000 co-

author links, 45,120 papers cited within the set, and
114,000 citation references within the set.

Network Properties

Table 3 Statistics for SIM data
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The TARL Model: The Effect of Parameters
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Model Parameters
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Table 2, Properties of co-author & paper citation networks comprising number of nodes n, average node d
path length 1. cluster cocfficient C. and power law exponent y. Source references are given in the left column.
Network n <k 1 « ¥ Reference
Co-authorship networks
iy g 4.
muslation LANL 9.7 58 043 = Newman,
- MEDLINI 18.1 16 0,066 - (2001a;
2001b: 2000c)
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NCSTRL 11994 o7 4%
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' 151 557 - - 3 Redner,
250 e 13 ot 3 e PhysRes 145 N - 3 (1998)
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Simple Statistics
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Topics: The number of topics
is linearly correlated with the
clustering coefficient of the
resulting network: C=
0.000073 * #topics. Increasing
the number of topics increases
the power law exponent as
authors are now restricted to
cite papers in their own topics
area.

Model Farameters (O=without, 1=with)

0/1 Topics

0/1 co-authors yeer 1o curm_year-1) with probabiity gaven in aging_ fmcio,
e Ehoes e TSR, e
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o Aging Function

350 3 N 0Er 10 e ST of ExSDNG DADE'S;
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Model Initialization Values

o Aging: With increasing b, and
hence increasing the number of
older papers cited as
references, the clustering
coefficient decreases. Papers
are not only clustered by topic,
but also in time, and as a
community becomes
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Aging function PNAS Data Set practices, the degtee of
temporal clustering increases.
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Y e chain of paper citation links
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3 31 4043 49 coefficient. Temporal

20000

(CIRERURER- ]

Yoars Sinee Publication clustering is ameliorated by the
practice of citing (and
hopefully reading!) the papers
that were the earlier
inspirations for read papers.
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Spﬁl SCHOLARLY DATABASE

Scholarly Database: Web Interface

Search across publications, patents, grants.
Download records and/or (evolving) co-author, paper-citation networks.

@ SCHOLARLY DATABASE > SCHOLARLY DATABASE

e = Cptmamtrustruciors tur Netmuk Scunce Centar L8, Instians Universiry, Blocmingion

Search | EditFrofie | Admin | About | Logout

U User Non-IU User Search
e Creaturs '7
| — '_

wave [
Last vear: [FER E]

&?Jgﬁ}:ﬁé&mwmu 0 q‘-_
Register for free access at http://sdb.slis.indiana.edu

Katy Birner: Mapping Science
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J¥Scholarly Database :: Results - Mozilla Firefox o ] |

File Edit “iew History Bookmarks Tools Help
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Mast Yisited ’ iGetting Started 5 | Latest Headlines D Hotel Kénigshof - Bod...

SCHOLARLY DATABASE|

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

Search Edit Profile Admin About Logout

Browse Results

Wour search returned 13,231 results in 0,295 seconds,

Total results per database: MIH: 2,103, Medline: 10,235, USPTS: 279, NSF: 614,

Fesults 1 through 20,

MNext>>

Source  Authors/Creators Year Tite :c?m;; (out of
Medhne Latombe 148/ Arbfcal intelhgence. oFL

Medline 1989 Artificial intelligence: expert systems. 5.71

Medline Schmitt 1990 [Artficial intelligence in dentisby] 571

. Adlasznig and e -
Medline X 2002 Artficial-intelligence -augmented systems. .60
Adlassnig
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Download Results

I select all dovnloads.

=
Medline Database: =

7 Madiine suthor tabls

7 Medline master table
=21

NIH Database: =

T MIH rmaster table T

NSF Database: =

I NgF master table

-
USPTO Database: =

7 useTo agent table
7 UsPTo assignes table =

I UsPTO daims table

[T Medline MeSH heading table =
I Medline MeSH qualifier table f

I UsPTo atation table trub format) [0

Search | Edit Profile  Admin  About | Logout |

7 Wediine co-suthor table (nwb Format) o

7 WSF ca-investigator table(nub formast) 0

[T UsPTG Patent Cooperation Treaty table =

7 USPTO cominventor table (nub format) 10
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Cyberinfrastructure for Network Science Center, SLIS, Indiana University, Bloomington

Download |20000 recards starting at recard |1 frorn the fallawing databases:

File  Edit

Wiew

Since March 2009:
Users can download networks:
- Co-author

- Co-investigator

- Co-inventor

- Patent citation
and tables for
burst analysis in NWB.

Favorites

Tools  Help

JS=IE
&

eﬁack © ‘.\_) kS \_ﬁ;

@
e Search

i Folders
L

Address [ D:\sampledatatstientometricsisda

B> =

CD Writing Tasks ¥

File and Folder Tasks 2

9 Make anew folder
&8 Publish this Folder ta the
b

Other Places

I3 scientometrics
() My Documents
\3 My Metwork Flaces

™ UsPTC inventer table Details S
I USPTO master (burst format) = b
I USPTO master table File Folder
Date Madified: Today, April
Download | 08, 2009, 1:28 PM

| ame

Size

Files Currently on the CD
Elftedine author table.csv |
Bl Medline_co-author_tabls_{rub_format).csv
@Med\inefmasteritab\e‘csv
Bl Medline_MeSH_heading_table. csv
@Med\ine_MeSH_qualiﬁer_tab\e‘csv
ELJMIH_master_table.csv
@NSF_co-investigator_table_(nwb_Format).csv
ELJMsF_master_table.csv
@USPTO_ co-inventor_kable_{rwb_format).csv
ELUSPTO_agent_table.csw
@USPTO_assignea_table.csv
ELJUSPTO_citation_table_{nwb_format).csv
EL)USPTO_inwentor_table.csw
ELJUsPTO_master_(burst_Formak).csv
@USPTO_master_tah\e.csv

— ELJUspTO_Patent_Cooperation_Treaty._table.csv

-14] |

960 KE
627 KB
13,986...
3,453 KB
353 KB
5,189KE
19KB
1,303 KB
16KE
20KB
23K
72K

69 KB
305 KE
ITKB
2KB

2

[ Done

Z

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
1994-2004

Yes

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

Aim for comprehensive time, geospatial, and topic coverage.
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Network Workbench Tool

nwhb.slis.indiana.edu

The Network Workbench (NWB) tool
supports researchers, educators, and
practitioners interested in the study of
biomedical, social and behavioral science,
physics, and other networks.

A Waorkbench for Nety|

(e | RS

In Aug. 2009, the tool provides more 160
plugins that support the preprocessing,
analysis, modeling, and visualization of
networks.

It has been downloaded more than 35,000
times since December 2006.

Summary

Metwork Workbench: A Large-5Scale|
Toolkit for Biomedical, Social Scien
evaluate, and operate a unigue dist)
scale network analysis, modeling, ai
(MNWWB). The envisioned data-code-
more

Hiv to cite this project

News & Updates

= 5.1.04 Kaelble, Steve. 2009. Mapp|

Knowledis Ressarch & Crestie
website accessed 5M1/08)

= 323091.0.0 beta & Released

Downloads for NWB Tool Releases

Number of Downloads per Month

20,000

Cumulative Total

15,000

10,000

5,000

Nov-o7

Time

= 1.23.08 Ann Mcranie's tutorial ahs
2008

= 11.4.08 Two NWB Pls featured in "Connected—The
Power of Six Degrees.” 2008. Anna Maria Talas,
Director. Australian Broadcasting Corporation, Ltd.
[YouTube] [Full Yideo (300MB)]

Herr I, Bruce W., Huang, Weixia (Bonnie), Penumarthy, Shashikant & Borner, Katy. (2007). De.
Cyberinfrastructures for Convergence. In Bainbridge, William S. & Roco, Mihail C. (Eds.), Progress
Wellbeing (Vol. 1093, pp. 161-179), Annals of the New York Academy of Sciences, Boston, NLA.

Getting Started
See more documentation

Get Involved

signing Highly Flexible and Usable
in Convergence - Technologies for Human

https:

Network Workbench Community Wiki

nwb.slis.indiana.edu/community

lome Page browse - Mozilla Firefox 3l x|
Edit  Wiew History Bookmarks Tools  Help
‘3 - € 0w | httes:dinwb.sls.indiana.edufcommunic BT P

@ Most Visited . Getting Started . Latest Headlines

Main

Eeonle

LB Tool
\pdate Sites
Tutorials
Algorithms
Datasets
Data Formats
Glossary
EAQ

Belated Work
Site Statistics

1
o eo0s ]
=

print|Searenc [ ][Ge]

A Workbench for Netwark Scient

About the Network Workbench Community Wiki

The Network Workbench Community Wiki is the part of Network Waorkbench (NWB
project. It provides descriptions for algorithms and datasets that have been integrated
in the NWE Toaol. It is also a place for users of the NWB Tool, the Cyberinfrastructure
shell, or any other CIShell based program to get, upload, and request algorithms &
datasets to be used in the tool, This site is a sounding board to be used by the
community to work together and create a tool which will meet their needs and the
needs of the scientific community at large,

Check out the lists of available algorithms and datasets. Download the MwB Tool and
play with it.

You are invited to add or edit your own dataset and algorithm descriptions (sign up
here), or post wanted algorithms and datasets,

If you are interested in joining the NWE community, please sign up the NWB mailing list,
post your question there, or contact Weixia (Bonnie) Huang huangb@indiana. edu for
mare information.

Fage last modified on June 23, 2008, at 05:40 PM

| Dane

nwh.slis.indanz.edn




Project Details

Investigators: Katy Bérner, Albert-Laszlo Barabasi, Santiago Schnell,
Alessandro Vespignani & Stanley Wasserman, Enc \X/ernert

Software Team: Lead: Micah Linnemeier ..

Members: Patrick Phillips, Russell Duhon, Tim Kelley & Ann McCranie

Previous Developers: Weixia (Bonnie) Huang, Bruce Herr, Heng Zhang,
Duygu Balcan, Bryan Hook, Ben Markines, Santo Fortunato, Felix
Terkhorn Ramya Sabbmem Vivek S. Thakre & Cesar Hidalg

BN ¥
Fa
)

Goal: Develop a large-scale network analysis, modeling and visualization toolkit

for physics, biomedical, and social science research.
Amount: $1,120,926, NSF 11S-0513650 award
Duration: Sept. 2005 - Aug. 2009
Website: http://nwb.slis.indiana.edu

Project Details (cont.)

NWB Advisory Board:

James Hendler (Semantic Web) http://www.cs.umd.edu/~hendler

Jason Leigh (CI) http://www.evl.uic.edu/spiff,

Neo Martinez (Biology) http://online.sfsu.edu/~webhead

Michael Macy, Cornell University (Sociology) http://www.soc.cornell.edu/faculty/macy.shtml

Ulrik Brandes (Graph Theory) http://www.inf.uni-konstanz.de/~brandes

Mark Gerstein, Yale University (Bioinformatics) http://bioinfo.mbb.vale.edu
Stephen North (AT&T) http://public.research.att.com/viewPage.cfm?PagelD=81

Tom Snijders, University of Groningen http://stat.gcamma.rug.nl/snijders/

Noshir Contractor, Northwestern University http://www.spcomm.uiuc.edu/nosh




%ggc l S [hl e ! ﬂ CIShell - Serving Non-CS Algorithm Developers & Users

Developers

CIShell

SCIsShell

Alliance

}%g?,c l S h & ! ﬂ CIShell — Builds on OSGi Industry Standard

CIShell is built upon the Open Services Gateway Initiative (OSGi) Framework.

OSGi (http://www.osgi.org) is
» A standardized, component oriented, computing environment for networked services.

Successfully used in the industry from high-end servers to embedded mobile devices
since 8 years.

>
» Alliance members include IBM (Eclipse), Sun, Intel, Oracle, Motorola, NEC and many
>

others.

Widely adopted in open source realm, especially since Eclipse 3.0 that uses OSGi R4
for its plugin model.

Advantages of Using OSGi

» Any CIShell algorithm is a service that can be used in any OSGi-framework based
system.

» Using OSGi, running CIShells/tools can connected via RPC/RMI supporting peet-to-
peer sharing of data, algorithms, and computing power.

Ideally, CIShell becomes a standard for creating OSGi Services for algorithms.




NWB Tool: Supported Data Formats

Personal Bibliographies
»  Bibtex (.bib)

» Endnote Export Format (.enw)

Data Providers

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

»  Scopus by Elsevier (.scopus)

» Google Scholar (access via Publish or Perish save as CSV, Bibtex,

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

(NIH)

VY VY

(USPTO)

Y

Medline papers — NIH Funding

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

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

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

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 Coefficient
Watts Strogatz Clustering Coefficient Over k
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 & 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 Reciprocigg_l
Arc Reciprocig;_l

tion |EIN
Tools
GUESS
GnuPlot?
Predefined Positions Layout
DrL {(VxOrd)
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 (JUNG)
Fruchterman-Reingold (JUNG)
Fruchterman-Reingold with Annotation (prefuse beta)
Spring (JUNG
Small World {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 38




NWB Tool: Output Formats

NWB tool can be used for data conversion. Supported output formats comprise:

CSV (.CSV) Medline Co-authorship Network
Largest Component

NWB (.nwb)

Pajek (.net)

Pajek (.mat)

GraphML (.xml or .graphml)

XGMML (.xml)

YV V YV VY V V

A\

GUESS :

Supports export of images into

common image file formats. Nods Size and Color by
Betweenness Centrality
. 6,578,770 )
» Horizontal Bar Graphs ® 20080
» saves out raster and ps files. 78 -

Sci? Tool for Science of Science
Research and Practice

farch & practice

W e Tool =1 R x|
File Preprocessing Modeling Analysis  Wisualization [Scientometrics | Help
E Console] Rernove IS Duplicats Records =5

Remave Rows with Multitudinous Fields

Modes: 323 Detect Duplicate Modes 5 added,
Lolated nodes: 107

Mode attributes present: label Wi oSt oy D¥agog) (tedlos s 2dded.2 .
hsampledatatscientometrics\ge

Edges: 313 Extract Directed etwork scientometrics\geotworldfactba

Mo self loops were discovered. Extract Paper Citation Metwork hsarnpledata\scientometricshge
Ho parallel edges were discovered. B

tarnetricsinsfuorthe stern,nstl
Did not detect any edge attributes R e Py e )
tarnetrics\nsfNarthnve stern,nsf
This network does not seem to be a valued netwark, .
Extract Co-Occurrence Network tometricsinsfindiana.nst
Awerage degree: 1.936080495356041 Extract Word Co-Occurrence Metwork toretrics\nsfiNorthwesterm.nsf

This graph is not weskly connected,

There are 148 weakly connected carmporents, (107 isolates) it Go-utey B

The largest conrected comporent consists of 63 nodes, Extract Reference Co-Occurrence (Bibliographic Coupling) Network
Did not calculate strong connectedness because this graph
not directed. Extract Document Co-Citation Network
iy ¥ g 3
= Schedu\erl =g ',“ Weak Compaonent Cluster of 62 nodes

%, Weak Component Cluster of 18 nodes
Remnove From List | [C] Remove completed automatically | Remor Merge Table: based on &ll Investigators
MNSF covfiler ChUsers\User\DesktophSci2-Tool-NICO\sarpledata\scientarnetrics\nsfo thuve stern, hsfl
I PostScript MSF cov file: il sers\UserDeskbop\Sciz-Tool-MICO sampledata\scientometricsinsfil e

| Algarithm Name Dote — %%, Extracted Metwork on Colurnn All Tnve stigators.2
@ . 95, Weak Component Cluster of 63 nodes,2
[ GuEss g/03/z008 011 2 Weak Component Cluster of 18 nodes. 2 b
[7] Weak Component Clust.. 09/03/2008 011056 2. Weak Cornponent Cluster of 11 nodes
ol n F|| Marna Tahle: hacsd an Al T ckinztors 3 =

< . r
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Sci? Tool: Algotithms
See https://nwb.slis.indiana.edu/community

Preprocessing
Extract Top N% Records
Extract Top N Records
Normalize Text

Slice Table by Line

Extract Top Nodes
Extract Nodes Above or Below Value
Delete Isolates

Extract top Edges

Extract Edges Above or Below Value
Remove Self Loops

Trim by Degtee

MST-Pathfinder Network Scaling
Fast Pathfinder Network Scaling

Snowball Sampling (in nodes)
Node Sampling
Edge Sampling

Symmetrize
Dichotomize
Multipattite Joining

Geocoder

Extract ZIP Code

Modeling

Random Graph
Wiatts-Strogatz

Small World
Barabiési-Albert Scale-Free
TARL

Analysis
Network Analysis Toolkit (NAT)
Unweighted & Undirected
Node Degree
Degree Distribution

K-Nearest Neighbor (Java)
Wiatts-Strogatz Clustering Coefficient
Wiatts Strogatz Clustering Coefficient over K

Diameter

Average Shortest Path
Shortest Path Distribution
Node Betweenness Centrality

Weak Component Clustering
Global Connected Components

Extract K-Core
Annotate K-Coreness

HITS

Weighted & Undirected
Clustering Coefficient
Nearest Neighbor Degree
Strength vs Degree
Degree & Strength
Average Weight vs End-point Degree
Strength Distribution
Weight Distribution
Randomize Weights

Blondel Community Detection

HITS

Unweighted & Directed
Node Indegree
Node Outdegree
Indegree Distribution
Outdegree Distribution

K-Nearest Neighbor
Single Node in-Out Degtee Correlations

Dyad Reciprocity
Arc Reciprocity
Adjacency Transitivity

Weak Component Clustering
Strong Component Clustering

41

farch & practice

Sci? Tool: Algotithms cont.

See https://nwb.slis.indiana.edu/community

Extract K-Core

Annotate K-Coreness

HITS

PageRank
Weighted & Directed

HITS

Weighted PageRank

Textual

Burst Detection

Visualization
GnuPlot
GUESS

Image Viewer

Radial Tree/Graph (prefuse alpha)

Radial Tree/Graph with Annotation
(prefuse beta)

Tree View (prefuse beta)

Tree Map (prefuse beta)

Fotce Directed with Annotation
(prefuse beta)

Fruchterman-Reingold with Annotation
(prefuse beta)

DrL (VxOrd)
Specified (prefuse beta)

Horizontal Line Graph

Circular Hierarchy

Geo Map (Circle Annotation Style)

Geo Map (Colored-Region Annotation Style)
*Science Map (Circle Annotation)

* Requires permission from UCSD
All four+ save into Postscript files.

Scientometrics

Remove ISI Duplicate Records

Remove Rows with Multitudinous Fields
Detect Duplicate Nodes

Update Network by Merging Nodes

Extract Directed Network
Extract Paper Citation Network
Extract Author Paper Network

Extract Co-Occurrence Network

Extract Word Co-Occurrence Network

Extract Co-Author Network

Extract Reference Co-Occurtrence
(Bibliographic Coupling) Network

Extract Document Co-Citation Network

General Network extraction

42




Atoolfor
fipce T,

Region Calor (Linexs)
T red Tot §

O s Geo Maps

W Biotrchisclogy

R — Sci Maps

19 Chemical, Mechanical, & Crvil Engineering

20267 s.421710 50015

Horizontal Time Graphs

Birner, Katy, Huang, Weixia (Bonnie), Linnemeier, Micah, Dubon, Russell |ackson, Phillips, Patrick, Ma,
Nianli, Zoss, Angela, Guo, Hanning & Price, Mark. (2009). Rete-Netzwerk-Red: Analyzing and
Visnalizing Scholarly Networks Using the Scholarly Database and the Network W orkbench Tool.
Proceedings of ISS1 2009: 121h International Conference on Scientometrics and Informetrics, Rio de Janeiro,
Brazil, July 14-17 . Vol. 2, pp. 619-630.
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Temporal: Horizontal Bargraphs
i
File Preprocessing Modeling Analysis  Visualization  Scientometrics  Help Area size Cquals numerical
= 8|1 pata Managerl =5 value, e.g., award amount.
~larants. oy ﬂ B . CSY file: Ci\Documents and Settingsikal T il

orizontal Line Graph was selected, P PostSeript: CSW file: CH\Documents ¢ ext, e.g., title
mplerenter(s): Patrick Phillips
nkegrator(si: Patrick Phillips Start date End date
nput Parameters:
tart Date: Project start date
cale Oubput?: brue J
ize By: FY Total Costs

abel: Full Project Mumber (including subproject I0)
age Height: 11.0 ﬂ

B scheduler l =0

Remove From Lisk | ™ Remove completed automatically

Ml Horizontal Line Graph x|
& 1 I Alaorithm Tamm Takes tabular data and generstes Postseript For 2 horizontal ine oraph.
J ¥ Harizontal Line  apel [Full Project Number including subpraject 10) = @
1 Load...
& StartDate  |Project start date =) | @
<
EndDate  |Project end date = || ©
Size By || ©
Date Format: [Month-Day-Vear Date Format (LL.5., e.q. 10{15/2010) =

Page Width [6.5

Page Height [11.0

e e le e e

¥ scals Qutput?

Cancel
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Geo Map (Circle Annotation Style)
Merextar Projection.

Sep 03,2009 | 12:25:24 AM

Kary Bomes

Area (limea;

45

A ool for

=08 USPTP Patent Influenza Data — Geo Map (region)

Geo Map (Colosed-Region Annotation Style) Fegion Color (Lineas)

Mfereator Frojection s

Ger19,2009 | 092322 Pt L —
Kary Bomer = " 62
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A ool for

oo Topic Mapping: UCSD Science Map ==

resfarch & practice

Journal locations for FourNetSciResearchers.as

342 journal references matched out of 361 four:

These 342 references are associated with 13 of 13 disciplines of science and 238 of 534 research specialties in the UCSD Map of Science.

Brum Resesrch

Copaight (¢) 25 Tiow Rapents of the Univsty of Cabfounia
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Provided by the Cyvberinfrastructure for Network Science Center at Indiana University.

Introduction
E.O. Wn]mm writes in Consdrence The Unity of Knowiledge (1998): “Features that distinguish science from
are ¥, economy, 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 intervisws 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

Ascience 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/.

infrastructures
The Scientometrics filling of the Network Workbench (NWB) Tool provides a unique distributed, shared
resources environment for large-scale network analvsis, 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

48




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)

bit has been shown in 72 venues on four continents. Currently at
- NSE, 10th Floor, 4201 Wilson Boulevard, Atlington, VA
- Wallenberg Hall, Stanford University, CA
- Center of Advanced European Studies and Research, Bonn, Germany
- Science Train, Germany.

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

Questions:
* Who is doing research on what Large-scale, high
topic and where? resolution prints
. . ; illuminated via projector
* What is the ‘footprlnt’ of b or screen.

interdisciplinary research fields?
* What impact have scientists?

Interactive touch panel.

Contributions:

THESH: HFEHLL ML LN AERE: HFREAMYEITE

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

Science on the tiny
scale of molecules

gy MEMNGSEREY

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




1

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

\\%\W
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cyberinfrastructure for
ETWORK SCIENCE CENTER

School of Library and Information Science | Indiana University Bloomington
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Cyberinfrastructures Qutreach

http://cns.slis.indiana.edu




