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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 ateas for future
development, and the stimulation of new research areas.

Advantages for Researchers

» Fasy 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.




Process of Computational Scientometrics

DATA ‘UNIT oF ‘I‘u‘EASURES LAYOUT (often one code does both sirmilarity and ordination steps) DISPLAY
EXTRACTION ANALYSIS
SIMILARITY [ORDINATION
SEARCHES COMMWON COUNTS/IFREQUENCIES  SCALAR funit by unit ratrix) DIMENSIOMALITY REDUCTION INTERACTICN
151 CHOICES Mtributes & 9. terrms) Direct citation Eigervector! Eigervalue solutions Browse
INSPEC Journal Author citations Co-otation Fadtor Analysis (FA) and Pan
Engy Inclex Dacurment Co-citations Corrhined linkage Principal Cormponents Analysis (PCAY  Zoom
Nedling Author By year Co-word ! coterm MLti-dirmensional scaling (WDS) Fitter
Researchindex Term Co-dassification Lz, Topics Cuary
Paterts THRESHOLDS Pathfinder networks (PFNet) Detail on derrand
et By courts YECTOR (unit by attribute matriz) Self-organizing maps (SO0
Wector space model fuordsterms) indudes S0M ET-rmaps, ec. AMALYEIS
EROADEMING Latent Servantic Analyas (wordsterms)
By citation ind. Singular YWalue Decorng (S0 CLUSTER ANALYSIS
By terrms
CORRELATION (if desired) SCALAR
Pearson's R on any of above Triangulation

Forca-directed placermert (FDF)

Borner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003) Visualizing Knowledge Domains. In Blaise Cronin (Ed.), Annual
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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.
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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)

Math
Law
Computer Tech
Policy Statistics
Economics
o CompSci
Phys-Chem
Education Vision . Physics ﬁ Chemistry
?‘ Y
-
Psycholol &
Yy aqy .
Environment
Psychiatry

GeoScience

Biology

Microbiology
Plant

Animal

3 4gp Infectious Diseases

Sample Science Studies




Mapping the Evolution of Co-Authorship Networks
Ke, Visvanath & Birner, (2004) Won 1st price at the IEELE Infol is Contest.
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Mapping the Evolution of Co-Authorship Networks
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Studying the Emerging Global Brain: Analyzing and Visualizing the Impact of

Co-Authorship Teams
Borner, Dall’Asta, Ke & Vespignani (2005) Complexity, 10(4):58-67.

Research question:

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

Contributions:

* New approach to allocate citational
credit.

i

* Novel weighted graph representation.

HHH

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

* Centrality measures to identify author
impact.
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* Global statistical analysis of paper
production and citations in correlation
with co-authorship team size over time.

* Local, author-centered entropy measure.

113 Years of Physical Review

bttp:/ [ scimaps.org/ dev/ map _detail phpZmap id=171

Bruce W. Herr II and Russell Dubon (Data Mining & Visualization), Elisha F. Hardy (Graphic Design), Shashikant
Penumarthy (Data Preparation) and Katy Birner (Concept)

| 13 Years of Physical Review

i ey — g




Spatio-Temporal Information Production and Consumption of Major U.S.

Research Institutions
Borner, Katy, Penumartly, Shashikant, Meiss, Mark and Ke, Weimao. (2006)
Mapping the Diffusion of Scholarly Knowledge Among Major U.S. Research

Institutions. Scientometrics. 68(3), pp. 415424

Research questions:

Stanfard U

1. Does space still matter U Calf &F

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

study and work at major research @ 1505- 1771
. . . . 01772-2087
institutions in order to have access to 02080-2526
@ 2,530 - 3.039
& 3040 -4172

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

10,000

—  1982-1086: 1.94 (R?=91.5%)

1987-1991: 2,11 (R*=93.5%)
3 ——  1992-1996: 2.01 (R*=90.8%)
1000 1997-2001: 2,00 (R*=90.7%)

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

Contributions:

» Answerto Qs 1+ 2is YES.

» Answer to Qs 3 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. log of geographic distance

100

10

log of number of institutions citing each other
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RO1 & TTURC Project Information
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Mapping Science Exhibit — 10 Iterations in 10 years
bttp:/ [/ scimaps.org

The Power of Maps (2005) Science Maps for Economic Decision Makers (2008)
ew E

The Power of Reference Systems (2006)
Science Maps for Science Policy Makers (2009)

:-: L < A ' Science Maps for Scholars (2010)
= = : Science Maps as Visual Interfaces to Digital Libraries (2011)
- - { Science Maps for Kids (2012)
> . = Science Forecasts (2013)
The Power of Forecasts (2007) How to Lie with Science Maps (2014)

Exhibit has been shown in 52 venues on four continents. Also at

- NSE, 10th Floor, 4201 Wilson Boulevard, Arlington, VA.

- Chinese Academy of Sciences, China, May 17-Nov. 15, 2008.

- University of Alberta, Edmonton, Canada, Nov 10-Jan 31, 2009

- Center of Advanced European Studies and Research, Bonn, Germany,
Dec. 11-19, 2008.

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
topic and where?

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

Large-scale, high
: resolution prints
B , illuminated via projector

e | .
5 or screen.
&

ol

W. Bradford Paley
5 Ker

* What impact have scientists? tific Mapry

Interactive touch panel.
Contributions:

* 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
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Re-implementation of Illuminated Diagram Software
by Advanced Visualization Lab, Indiana University

Drives unlimited number of IID screens.

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.










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




Science Maps in “Expedition Zukunft” science train visiting 62 cities in 7 months

12 coaches, 300 m long

Opened on April 23, 2009 by German Chancellor Merkel
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Science of Science Cyberinfrastructure

(f»!ﬁgu‘ic’ WS

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

Intro: dlx!:tlun

e: The Unity of Knowledge (1998): “Features that distinguish science from
ience are repeatability, economy, mensuration, heuri: and consilience.”

e Borner's recent presentation at the A Decper Look at the Visualizafion of Scientific Discouery NSE
p 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 t desirable and effective. So far, 30 formal, one-hour interviews have been
conducted wit evel, program officer level, and division
Data compilation will start in October

to Mark Price (maaprice@indiana.edu).

akers at university campu
vate foundatio
2008 and res ultirglepﬂt can be ordered by sending a requ

Conceptualization of Science

A ‘science of science’ requires a theeretically grounded and practically useful conceptualizaticn 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 U
Scharnhorst, Royal Netherlands Academy of Arts and Sciences invites contributio
be published in the Journal of Informetries 3(1) in January 2009.

Scholarly Database

The Scholarly Database SDB at Indiana Unive: 'y aims to
intere: alization of large ‘helarly dat:
currently p papers, patent: grants. Resulting data
dow r‘.l:‘aﬂeﬂm bulk. Reg: t https://sdb.slis.indiana.edu/.

rve researchers and practitione:
Th

a
:1
| Bl
o
B
B

er for free acc

Cyberinfrastructures

The Scien etrics filling of the Network Workbench (NWB) Tool p
resources environment for large-scale network anal
Scientific/IST, Scopus and Google Scholar data, EndNote and Bibtex files, or NSF awards can hE lEEﬂ and
diverse networks can be extracted and studied. Download User Manual with focus on Scientometrics.

http:/ /sci.slis.indiana.edu




Cyberinfrastructures for a Science of Science

@ Scholarly Database of 23 million scholarly records
https://sdb.slis.indiana.edu

@ Information Visualization Cyberinfrastructure
http://iv.slis.indiana.edu

Network Workbench Tool and Community Wiki
*NEW#* Scientometrics plugins

http:/ /nwb.slis.indiana.edu

Epidemics Cyberinfrastructure

*e http:/ /epic.slis.indiana.edu/

41

3pﬁ| SCHOLARLY DATABASE

Scholarly Database: Web Interface

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

L

% SCHOLARLY DATABASE = |[SCHOLARLY DATABASE

Cptmamtrustruciors tur Netmuk Scunce Centar L8, Instians Universiry, Blocmingion

T R

Search | EditFrofie | Admin | About | Logout

U User MNon-1U User

|, 5o
- Ae

Reglster for free access at http://sdb.slis.indiana.edu

Katy Birner: Mapping the Structure and Evolution of Science 42




”S“pﬁ[sm DATABASE |

Scholarly Database: # Records & Years Covered

Datasets available via the Scholarly Database

Restricted
Access

Dataset #Records Years Coverage | updated

PhysRev 398,005 1893-2006 ]
.

59,078 | 1974,1979,1984,19
89,1994-2004

1893-2008

Yes

21,456,336

Aim for comprehensive temporal, geospatial, and topic coverage.

Katy Birner: Mapping the Structure and Evolution of Science 43

m Network Workbench (NWB) Project

Investigators: Katy Borner, Albert-Laszlo Barabasi, Santiago Schnell,
Alessandro Vespignani & Stanley Wasserman, Eric Wernert

Ak

Software Team: Lead: Mlcah 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 Hidalgo

Goal: Develop a large-scale network analysis, modeling and visualization toolkit for
physics, biomedical, and social science research.

Amount: $1,120,926, NSF 1IS-0513650 award
Duration: Sept. 2005 - Aug. 2009
Website: http://nwb.slis.indiana.edu
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Serving Non-CS Algorithm Developers & Users
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Algorithms Currently Available

Preprocessing IE

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 Edages Above or Below Val
Remove Self Loops
Trim By Degree1
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
Barabdsi-Albert Scale-Free
Structured
CAN
Chord
Unstructured
Hypergrid
PRU
Other
TARL
Discrete Network Dynamics

Analysis IEN
General Purpose
Network Analysis Toolkit?
Unweighted & Undirected
Based on degree/
Node Degree
Node Distribution
Based on clustering
k-Mearest Meighbor
Watts Strogatz Clustering Coefficle
Watts Strogatz Clustering Coefficle
Based on path
Dlameter
Average Shortest Path
Shartest Path Distribution
Node Betweenness Centrality
Based on components
Connected Components
Weak Component Clustering
K-Core
Extract K-Corel
Annotate K-Coreness?
Unweighted & Directed
Based on degree
Node Indegree
Node Qutdegree
Indegree Distribution
Outdegree Distribution
Based on local graph structure
k-Mearest Meighbor
Single Mode In-Out Degree Correla
Unnamed Category?
Fage Rank
Based on local graph structure
Dyad Rec\groclg;_l
Arc Reclgmclg:;_1
Adjacency '1'ransltlvlg¢1
Based on components

Weak Component Clustering
Fxtract nrrrar-mrc,l

Visualization |IE

Tools

Predefined Positions Layout

DrL (VxOrd)

Pre-defined Positions (prefuse betall
Move

Circular

Tree Layouts
Radial Tree (prefuse alpha)
Radial Tree with Annotations (prefuse beta)?
Tree Map
Tree View
Balloon Graph (prefuse algha;'l

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 ;n:hamol2
LaMet (k-Core Decomposition)

Scientometrics

Extract Network From Table
Extract Co-Authorship Network
Extract Co-Occurrence Network From Table?
Extract Directed Network From TableZ
Extract Network From Another Network
Extract Biblioaraphic Coupling Similarity Network
Extract Co-Citation Similarity Network?
Cleaning
Remove ISI Duplicate Records

Detect Duplicate Nodes
Remove Rows With Multitudinous Fields?
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