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All three care deeply about

Data,
Existing expertise and insight needs, and

Are able to acquire the resources it takes to

Spent months/years to deeply understand the problem/possible
solutions.

Render data optimally for the human perceptual-cognitive
system — given our current understanding of human
petception/cognition and technology.

The result are insightful yet perceptually stunning, intellectually

stimulating, and emotion provoking imagery.
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Envisioning Information
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BT R Sk streaming data cannot be
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How to use computers to
envision biomedial science ?

VISUAL EXPLANATIONS

How to combine data
mining and visualization
algorithms to explore and
_ communicate biomedial
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Structure of the Remaining Talk

1.) Type of Analysis vs. Level of Analysis

Exemplified in Biomedicine

2.) Needs-Driven Workflow Design

using a modular data acquisition/analysis/modeling/

visualization pipeline as well as modular visualization layers.

Implementation in different plug-and-play tools/Cls




1.) Type of Analysis vs. Level of Analysis

Micro/Individual
(1-100 records)

Meso/Local
(101-10,000 records)

Macro/Global
(10,000 < records)

Statistical
Analysis/Profiling

Individual person and
their expertise profiles

Larger labs, centers,
universities, research
domains, or states

All of NSF, all of USA,
all of science.

Temporal Analysis
(When)

Funding portfolio of
one individual

Mapping topic bursts
in 20-years of PNAS

113 Years of Physics
Research

Geospatial Analysis
(Where)

Career trajectory of one

individual

Mapping a states
intellectual landscape

PNAS Publications

Topical Analysis
(What)

Base knowledge from
which one grant draws.

Knowledge flows in
Chemistry research

VxOrd/Topic maps of
NIH funding

Network Analysis
(With Whom?)

NSF Co-PI network of
one individual

Co-author network

NSF’s core competency
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Type of Analysis vs. Level of Analysis

Micro/Individual
(1-100 records)

Meso/Local
(101-10,000 records)

Macro/Global

Statistical
Analysis/Profiling

Temporal Analysis
(When)

Geospatial Analysis
(Where)

(10,000 < records)
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Topical Analysis e A ’}r B
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Mapping Indiana’s Intellectual Space

Geospatial/Network Analysis

2001-2006, BioMed, IN Scope
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v Academic-Industry collaborations and knowledge d,

Bloomington
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Q
New Albany O Industry
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93
seguence homology

highly cited PNAS
publications in Temporal/Topical Analysis
1982-2001. 1982-2001, US, PNAS (BioMed) Scope

Lopic evolution and bursts

Mane & Birner. (2004)
PNAS, 101 Suppl. 1):
5287-5290.

rucleic acid
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935 Color Code
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circle size ~ burst weight

cicle color ~ burst onset
ring color ~ year of max word count
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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: i y

Sanford U 3 -
4 1 T MIT

U Calif SF_g8 ' L J—
1 = Hohns Hopkins U
Mﬁf

1,505 - 1,771
1772-2.087
2,088 -2.529

. . Temporal/Geospatial Analysis z0-30ss
Bl 19522001, US, PNAS (BioMed) Scope

quality research?

Harvard U

1. Does space still matter

in the Internet age?

2. Does one still have to
study and work 2

institutions in org

Citation imbact and Fnowledse diffusion
3. Does the Internet p i) ff

patterns, i.e., mo
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 , . A
of information among them. log of geographic distance 15

log of number of institutions citing
v
il

Research Collaborations by the Chinese Academy of Sciences
By Weixia (Bonnie) Huang, Russell ]. Dubon, Elisha F. Hardy, Katy Birner, Indiana University, USA
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. TN Geospatial Analysis

World, Chinese Academy of Science

Collaboration and knowledge diffusion via co-author networks
This map highlights t
Sciences with locatio a2 A ATOC JCOYTA A
shows the research collaborations of all CAS institutes. Each smaller geographic map shows the
research collaborations by the CAS researchers in one province-level administrative division.
Collaborations between CAS researchers are not included in the data. On each map, locations
are colored on a logarithmic scale by the number of collaborations from red to yellow. The
darkest red is 3,395 collaborations by all of CAS with researchers in Beijing. Also, flow lines are
drawn from the location of focus to all locations collaborated with. The width of the flow line is
linearly proportional to the number of collaborations with the locations it goes to, with the
smallest flow lines representing one collaboration and the largest representing differing amounts
on each geographic map.
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Individual Co-PI Network
Ke & Birner, (2006)
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Evolying project-PI networ,

Alber-Lasks Barabasi

Trichard Shifrn

Temporal/Network Analysis
2001-2006, US, Infol is Scope
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Mapping the Evolution of Co-Authorship Networks
Ke, Viisvanath & Birner, (2004) Won 15t price at the IEEE Infol”is Contest.
Taylor 2y Stonebraker Dantzich Thiel baal Heath
Chen
Aiken Larson Lakow Fox
Faxson  Wisnowvsky  Laiday Robhins
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Shoop Schank
Fietzel Halvorsan Hetzler
Federsen Tenav Whitney
Lewis Chang Piralli Hawre
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Firdlin Shneiderman Lot Chuah Matis Stroffaling
Bederson Wattenberg Jain Hao ot
e i Herrmann Dayal
Furnas Rose Williamson Kerpedjiev
Hsu
Marth
Widaff Derthick
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Zacks Tarin Merh  ponse
Carr Beigel “Wistranc Berchtold Moore
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Legend Node Color Code Edge Color Code
e 86-90 i i
Nods arod dis - umbar o papers pubietia 10" o1-05 p— Mapping the Evolution of
fioda area stag ~ Rumbat Of paparc publs 20.29 o600 Co-Authorship Networks
30-3 N - Weimao Ke, Lalitha Visvanath & Katy Borner
Edges ~ relations 40-49 NN InfoVis Lab @ Indiana Univers}‘s
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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? J A W i ol il el ,
S o L v

Contributions: O e

¢ New approach to allocate citational
credit.

ENGORCTGRS:  Temporal/Network Analysis

* Visualization of th 1986-2004, US, Infol s Scope
co-author networ Impact of co-author relations

¢ Centrality measure
impact.

* Global statistical analysis of paper
production and citations in correlation
with co-authorship team size over time.

* Local, author-centered entropy measure.

20




113 Years of Physical Review

btip:/ [ scimaps.org/ dev/map _detail phpmap 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)

| 3Years of Physical Review

i Topical/Network Analysis
ST 1893-20006, World, Physics Scope
. -

l -

1

. -

m

e

o
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Topical Composition and Knowledge Flow Patterns in Chemistry Research for
1974 and 2004
Revin W. Boyack, Katy Borner, & Richard Klavans (2007)

Chemistry - Biology Interface

1974 _ 3 . 2004 Chemistry, Polymer
¢ Wy Chemistry, Polymer K . o * *
Physical Chemistry N’ sty Folyme Physical Chemistr

/|

iy ) Chemistry, / : ("\,hc mistry,
. _—® Analytical / ) \ Analytica

Temporal/Network Analysis

¥/ ' 1974-2004, US, NSF Chemistry Funding Scope
K Mapping the main structure, topic evolution, and knowledge diffusion
(!

Biochemistry

Biochemistry

W\
:' h \{11'[‘[]&}1!): | ! \r'll I'f)!‘il‘(’:
\__/ Plant Science 7 Plant Science

Number of papers by cluster Fraction of papers by cluster Knowledge flows cluster to cluster
40,000 Biology
20,000 Other Chemistry source recipient
10,000
J 5,000 Biochemistry cited ciring
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Mapping Transdisciplinary Tobacco Use Research
Centers Publications

Compare RO1 investigator based funding with TTURC
Center awards in terms of number of publications and
evolving co-author networks.

Zoss & Birner, forthcoming.

RO1 & TTURC Project Information

160,

140

120

o7 N TTURC S in 100k

D
f‘\\/," \ TTURE Pubs
/
A TR S W
A
P J.------..._,// \RDI Pubs

L
K ~
i

~/ & RO Projects \..

’
x%/ £ TTURC Centers \
P

1998

2000 2002 2004 2006 2008
Year

Circle size denotes # references
o Topical/Network Analysis
Listing of all references ‘
gf't)l]]]i'.(l "]y ‘3 sC1ence areas 2009’ LTKS_" ‘Z\?;S_‘F F//l’]({liz(g

i...:
. & (5
Temporal/Network Analysis e
1998-2009, US, Tobacco Research Scope e
Comparing co-anthor networks with different funding -
CT s rmVS - LELE e e A
LR -1 -."n L .q‘_ & B L .
.S”.' '. rase .%"'--». )
- : - _— A A " ;.:; ...- - - -
o = % .:. = ° LI
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Reference Mapper
Dubhon & Bérner, forthcoming.
(a) Overview (b) Visual Index
Date and input directory ——5= -
e ——— For each PDF fila:
Basic counts Basic counts and thumbnail
SR — § sclence map
Overlay of all matched ——— ~as = Max 18 per page
journal references from a
all PDF files on
554 scientific disciplines (nodes)
in UCSD Map of Science

Grouping interdiciplinary funding proposals for review

For each PDF file:

Overlay of all matched -
journal references on —— &%

554 seientific fields (nodes)
in UCSD Map of Science

Circle size denotes # references

Colors and names of
selence areas that are cited

Alphabetie listing of cited
joumals and # of times cited

+— Top-n most similar PDF files
identified based on journal
name co-occurrences
Tha similarity of each PDF
file to itselfis 1

— Owverlay of matched journal
references from all above
listed PDF files on UCSD Map
of Science and grouping by

—_— 17 science areas 24




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

Math
from 2002 taw
1.
° 1.07M papers, 24‘.5M Policy -;_ Statistics P = : Computer Tech
. 1 ] - -
references, 7,300 journals . > e
ey oqe . . Economics i , i
¢ Bibliographic coupling of Compsc 4o e Phys-Chem
Tea AT
= -. San .*'
Papers’ aggregated o Education ._.f? Vision  .aphysics _:- e "F Chemistry
journals o - —
.. . . . Psychology i i [
» Initial ordination and clustering & e eoironment .
. i e - 1 . eoScience
of journals gave 671 clusters e e e
. © R T A
» Coupling counts were S o, siocham *ewe -
reaggregated at the journal Y s aerils 3 N
cluster level to calculate the 4 ) L Micrabiology
..':.? g Plant
° (x ositions for each w7 L Cancer .
( ’Y) p Disease & e “’- '-‘ Animal
Treatments -

journal cluster

* by association, (x,y)
positions for each journal

b
.
-

Virology e

= Infectious Diseases
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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)
+ +
Math
Law
o Computer Tech
Policy Statistics
Economics \
CompsSci
Education Vision
Psychology
Psychiatry GeoScience
Biology
Bio- BioChem
Matgfials
Microbiology

Plant

Cancer

Animal
Virology Infectious Diseases
== =+ 2




Science map applications: Identifying core competency
Kevin W. Boyack, Katy Birner, & Richard Klavans (2007).

Funding Patterns of the National Science Foundation (NSF)

+ +

Policy % Statistics

o
Economics @,

Education Vision Physics

Psychology
A rdu.
£
Psychiatry
MRI
Bio- BioChem
Materials
Microbiology
o B
o Plant
Cancer
Animal
Virology Infectious Diseases
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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
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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

Topic/Network Analysis

2002, World, Science/ Social Science & DOE/NSEF/NIH
Funding Scope

Map main structure of science and funding profiles

Microbiology

Plant

= ,
" Animal

Virology 3 4gp Infectious Diseases
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Interactive Science Map of NIH Funding

Herr I1, Bruce W, Talley, Edpund M, Burns, Gully APC, Newman, David & La Rowe, Gavin. (2009).

[NIH - Visual Browser v« T A o —

e

atch

Status anc

OBE

Topic/Network Analysis
2007, US, NIH Funding Scope

Map main structure of NIH funding and institutes’ funding profiles

Google

http://scimaps.org/maps/nih /2007 TR
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Interactive World and Science Map of S&T Jobs
Angela Zoss, Michael Connover, Katy Birner (in preparation).

Visualization of Job Postings

[Enersaenes] [ Geoaranhic [ Genaranhic visualization

ij Visualization of Job Postings

A2 g )

E Map of Science] [ Seographic] Postdoc at Harvard Medical School

Link to Post
B | Link to Post
hington ! Canada - - g . X
; Visualization of Job Postings
G“‘ Manitoba
o5hy Rt Map of Science | [Geographie] Map of Science

L
| AT

Geospatial/ Topic Analysis

som 2008/ 2009, World, 100 Job RSS feeds
DR |\[» cvolving job market in real time

&ng Lincol Kan
Cocgle L

a5 7 between the papers and journals ta
\huq&el{jﬁ Okighgma v F cluster journals into small groups of
: el highly related journals

Eearch for Jobs

evi
exo o5 ) Thase clusters are represented by 554
o T 5 - — individual nades in the network. The links
C‘&{Ef&!c San o Puasiies between the custers show that some

o Mg e clusters ars relatad ta ather dusters but

are not as tightly connected as the
search for Jobs journals that make up each cluster. Then
the dusters are labeled both by the
content area shared by the journals in the
cluster and by the overarching scientific
E’gﬁ“ﬁ'k domain for that cluster (represented by
3 Copyright @ 2008 The Regents of the University of California - Terms of Lis= | | 0ne of 13 eolars),

= Maps of science like this one can be used
search for Jobs | Biotechnology = ta understand many different data sets
Soarch and haw they can be represented by
topic. Here we are loaking at the topics

Fhat annear in inh nnstinne fram larae ok 2|
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Structure of the Remaining Talk

2.) Needs-Driven Workflow Design

using a modular data acquisition/analysis/modeling/

visualization pipeline as well as modular visualization layers.

Implementation in different plug-and-play tools/Cls




2.) Needs-Driven Workflow Design
using a modular data acquisition/analysis/modeling/
visualization pipeline as well as modular visualization layers.

Deplamont ﬂ j {1

Legerd Desan THle W3
Boada € ﬁal«i\
Stakgrolders
= == P
reraction ;.md.E:’ 4

Shared Dara Madel

Workflow Design

(selecting Datasets, Algorithms and Parameters) /
‘/

Conbivation \

Aaareaation/ Chesterng
pegrnoniChatorny

Dama Acousmon DA%A Amw&s MoDcum 4 Lavour Dama Comncanos
4+ PrREPROCESSNG VisUALIZATION LAYERS

Barner, Katy (2010) Atlas of Science. MIT Press. 33

St

Computational Scientometrics:
Digital Libra R———

Studying Science by Scientific Means

Mapping Knowledge Domains

PRESENCE e
Bérner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003). —~ o
Visualizing Knowledge Domains. In Blaise Cronin g :
(Ed.), ARIST, Medford, NJ: Information Today,
Inc./American Society for Information Science and
Technology, Volume 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). 2006 GALLERY
Mapping Knowledge Domains. Proceedings of the

National Academy of Sciences of the United States of America, B R | |_|_ A N T D | S P |_ AY
101 (Suppl_l) Froma jewel ke bird,raer
http://www.pnas.org/content/vol101/suppl 1 Notue waps upmmmm‘u:o:_ o et 008 h::

meanit can't also be bewitching.

i e e iy B

Bérner, Katy, Sanyal, Soma and Vespignani, Alessandro
(2007). Network Science. In Blaise Cronin (Ed.), ARIST, ¥
Information Today, Inc./American Society for '
Information Science and Technology, Medford, NJ,
Volume 41, Chapter 12, pp. 537-607.

http://ivl.slis.indiana.edu/km/pub/2007-borner-arist.pdf

. S( IENCE FE
Bérner, Katy (2010) Atlas of Science. MIT Press. | =
http://scimaps.org/atlas
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Staketolders

Workflow Design
(selecting Datasets, Algorithms and Parameters)

\-

DAT;« A;w.v&s MoDcuns’ 4 Lavour

2.) Needs-Driven Workflow Design
using a modular data acquisition/analysis/modeling/
visualization pipeline as well as modular visualization layers.
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Barner, Katy (2010) Atlas of Science. MIT Press.
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http:

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.

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.

AV.v/@

A Workbench for Nety|

(e | RS

Summary

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

more
Hiv to cite this project

News & Updates
= 5.1.04 Kaelhle, Steve. 2009 Mapp|
Knowledge Research & Creatie
website accessed 5/1/08)
= 3.23001.0.0 beta 5 Released

= 1.23.08 Ann Meranie's tutorial abs:
2009

Downloads for NWB Tool Releases

20,000

Cumulative Total

15,000

10,000

Number of Downloads per Month

5,000

Nov-o7

Time

= 11.4.08 Two NWB Pls featured in

“Connected—The
Power of Six Degrees.” 2008. Anna Maria Talas,

Getting Started
See mare documentation

Director. Australian Broadcasting Corporation, Ltd.

[rouTube] [Full Video (300ME)]

Get Involved

Herr 11, Bruce W., Huang, Weixia (Bonnie), Penumarthy, Shashikant & Birner, Katy. (2007). Designing Highly Flexible and Usable
Cyberinfrastructures for Convergence. In Bainbridge, William S. & Roco, Mihail C. (Eds.), Progress in Convergence - Technologies for Human
Wellbeing (Vol. 1093, pp. 161-179), Annals of the New York Academy of Sciences, Boston, MA.




rk Workbench Tool

File Preprocessing Modeling  Analysis  Visualization  Scientometrics  Help

=
El console Console displays data operations i D.ata Manager =]
lWelcome o the Metw :iqve{ |ou<_i, view, efc.) and reprocessing, modeli |
visualization of small, ulgor!lhm input parameters,

selection, & acknowledgements as
The Metwork Workben| well as error reporting. s supported in part by the WSF Data Manager keeps track of
115-0513650 award, Th F, D, Albert-Laszld Barabasi, Dr, Santiago all datasets that are available

Schnell, Dr. Alessandro Yespignani, Dr. Stanley Wasserman, and D, Eric A, Wernert, for algorithmic visualization

The MWE tool was developed by Weixia Huang, Russell Duhon, Micah Linnemeier, Timothy Kelley, Duygu X or manipulafion. J

Balcan, Mariano Beird, Bruce Herr, Santo Fortunato, Ben Markines, Felix Terkhorn, Heng Zhang, Megha
Rarawat, César Hidalgo, Ramya Sabbineni, Vivek Thakres, Soma Sanvyal, Ann McCranie, Alessandro
‘Wespignani, and Katy Barner, It uses the Cyberinfrastructure Shell (hitp:/ /cishell.org) developed at the
Cyberinfrastructure For Metwork Science Center (http:/ fcns.slis.indiana.edu) at Indiana University.

Please cite as follows:
MWE Team, (2006}, Metwork Workbench Tool, Indiana University and Mortheastern University, —
‘http:f,.-"nwh.slis.indiana.edu s

. Scheduler lists what algorithms you've =
Bl scheduer used and displays algorithm =

G GuUEss

| I algorithm Marme Date Time % Complete | '\?
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File, Preprocessing, Modeling, and Visualization Menus

File: Prepracessing IModeling Wisualization
Load, . Extract Top Modes Random Graph GUESS
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Read Directery Hierarchy Remaove Node Attribukes Barabasi-albart Scele-Free
Dalaszly Dclete High Degrec Nodes - Dl {¥Crd)
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Save.,. ) Chare
Delete Isolates . )
Hypergrid Circular (JUNG)
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Tests R Evalving Netaork (Weight=d) Balloon Graph (prefuse alpha)
Snowball Sampli d
Hrefetences rowha a.mp gy irel=ct Force Direcked with Annotation {prefuss betai
Node Sampling X
- Fdae Samplin Karnada-Kawai (JUNG)
B g S Fructterman-Reinzold (IUNE)
Symmetrize Fruckterman-Reincold with Annotation (prefuse beta)
Dichaokormize Spring (JUMNS)
Multipartite Joining Small World {prefuse alpha)
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Faralel Coordinates (demz)
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Analysis Menu and Submenus

Analysis Unweighted and Undirected  » | Unweighted and Directed »

Netwark Analysis Tookit (NAT) Node Degres "“i ;"i”gm

Unweighted and Undirected Degree Distribution ::de ::m;t‘

f -] Tl [aly]

Weighted and Undirected Watts-Strogatz Clustering Coefficient Outd:;ree .

Uniweighted and Directed ‘Watts Strogatz Clustering Cosfficient over K

Weighted and Directed K-Nearest Neighbor

Damoter Single Node In-Out Degree Correlations

Search Average Shortest Path

Discrete Network Dynamics shartest Path Distribution PageRank

Textual Node Betweenness Centrality HITS

Global Connected Components T

Weighted and Undirected v HITS BEllrata

Clusterina Cosfficiant ) Adjacency Transitivity

&ring Loefrich ‘Weak Component Clustering

Nearest Neighbor Degree Blonde!l Community Detection Weak Component Clustering

Strength vs Degree } _ Strong Component Clustering

Degree & Strength MST-Pathfinder Netwark Scaling -

Average Weight vs End-point Degree Btract K Coro Elan Community Detection

K-Mearest Neighbor {Java) Annotate K-Coreness Extract K-Core

Strength Distribution Annotate K-Coreness

Weight Distribution ‘weighted and Directed v

Randomize Weights HITS Search » Textual 3
MST-Pathfinder Network Scaling chatial . Can Burst Detection
Fast Pathfinder Network Scaling Fast Pathfinder Network Scaling Chord

K Random-‘Walk Discrete Network Dynamics 3

Blondel Community Detection Blondel Community Detection Random Breadth First Extract and Annotete Attractors L‘

Project Details

Investigators:

Software Team:

Goal:

Amount:
Duration:
Website:

Katy Bérner, Albert-Laszlo Barabasi, Santiago Schnell,
Alessandro Vespignani & Stanley Wasserman, Eric Wernert

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 Sabbineni, Vivek S. Thakre & Cesar Hidalg

gl :
8
b iy

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

$1,120,926, NSF I1S-0513650 award
Sept. 2005 - Aug. 2009
http:

nwhb.slis.indiana.edu
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NWB Advisory Board:
James Hendler (Semantic Web) http://www.cs.umd.edu/~hendler

Jason Leigh (CI) http://www.cvl.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
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C I . CIShell — Builds on OSGi Industry Standard

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

OSGi (http:/ /www.0osgi.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 suppotting 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 Network Formats
» Bibtex (.bib) » NWB (.nwb)
» Endnote Export Format (.enw) > Pajek (.net)
) »  GraphML (xml ot
Data Providers .graphml)
» Web of Science by Thomson Scientific/Reuters (.isi) >  XGMML (.xml)
»  Scopus by Elsevier (.scopus)
» Google Scholar (access via Publish or Perish save as CSV, Bibtex, Burst Analysis Format

EndNote)
»  Awards Search by National Science Foundation (.nsf)

» Burst (burst)

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

» Medline publications by National Library of Medicine » GV (:CSV)
NIH funding awards by the National Institutes of Health > Edgelist (.edge)
(NIH) > Pajek (.mat)

» NSF funding awatds by the National Science Foundation (NSF) » TreeML (xml)

» U.S. patents by the United States Patent and Trademark Office
(USPTO)

» Medline papers — NIH Funding




NWB Tool: Output Formats

Y YV V YV VY V V

Y VYV

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)

GUESS

Supports export of images into

common image file formats. | NedeSzeandColorby |
Betweenness Centrality
. 6,578,770 :
Horizontal Bar Graphs 8 zosido
saves out raster and ps files. i

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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sfarch & practice

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
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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
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‘= Sci? Tool

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

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

Flease see Borner’s recent presentation at the A Deeper Look af the Visualization of Scientific Discovery NSE
Workshop for a general introduction 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 zovernmental, 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 Katy 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 te over 20 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 (NWE) Tool provides a unique distributed, shared
resources environment for larze-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
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- Information Visualization (http://iv.slis.indiana.cdu),

- 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.otg) lead by Ttrey 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.

MAEVviz (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 will expand.




Mapping Science Exhibit — 10 Iterations in 10 years

]

The Power of Maps (2005)

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)

it has been shown in 72 venues on four continents. Currently at
SE, 10th Floor, 4201 Wilson Boulevard, Atlington, VA
- Wallenberg Hall, Stanford University, CA
- Center of Advanced European Studies and Research, Bonn, Germany
- Science Train, Germany.
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Chemical Research & DEVEIOPment The Council for Chemical

Research (CCR)

Powers the U.S. Innovation Engine

nomic Implications of P 5l estments
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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?

* What impact have scientists?

Contributions:

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

Large-scale, high
resolution prints

illuminated via projector
or screen.

Interactive touch panel.
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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,

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

All papers, maps, cyberinfrastructures, talks, press are linked
from http://cns.slis.indiana.edu
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