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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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ggg(: l || Plug-and-Play Macroscope Design Using OSGi/CIShell

» CIShell (http://cishell.org) is an open source software specification for the integration

and utilization of datasets, algorithms, and tools.

» It extends the Open Services Gateway Initiative (OSGi) (http://www.osgi.org), a
standardized, component oriented, computing environment for networked services
widely used in industry since more than 10 years.

» Specifically, CIShell provides “sockets” into which existing and new datasets,
algorithms, and tools can be plugged using a wizard-driven process.
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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
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Micro/Individual Meso/Local Macro/Global
(1-100 records) (101-10,000 records) | (10,000 < records)
Statistical Individual person and Larger labs, centers, | All of NSF, all of USA,

Analysis/Profiling | their expertise profiles | universities, research | all of science.
domains, or states

Temporal Analysis | Funding portfolio of Mapping topic bursts | 113 Years of Physics

(When) one individual in 20-years of PNAS | Research

Geospatial Analysis | Career trajectory of one | Mapping a states PNAS Publications
(Where) individual intellectual landscape

Topical Analysis Base knowledge from Knowledge flows in | VVxOrd/Topic maps of
(What) which one grant draws. | Chemistry research NIH funding

Network Analysis NSF Co-PI network of | Co-author network NSF’s core competency
(With Whom?) one individual
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Mapping Indiana’s Intellectual Space

Geospatial/Network Analysis
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sequence homology

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

Topic evolution and bursts

Mane & Barner. (2004)
PNAS, 101 (Suppl. 1):
5287-5290.
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Spatio-Temporal Information Production and Consumption of Major U.S.

Research Institutions

Birner, Katy, Penumarthy, 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:

Sanford L

1. Does space still matter *“'%

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

study and work 1505 -1.771
1772-2.087

institutions in or : . 20082529
NES  Temporal/Geospatial Analysis 20%0-30%9
3,040-4172

RCUNERRR 1952.2001, US, PNAS (BioMed) Scope

quality research? s i | bronlodes diths 3
3. Does the Internet itation impact and knowledge diffusion 3%

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 -
of information among them. log of geographic distance 16

log of number of institutions citing




Research Collaborations by the Chinese Academy of Sciences
By Weixia (Bonnie) Huang, Russell J. Dubon, Elisha F. Hardy, Katy Birner, Indiana University, USA
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World, Chinese Acadeny of Science
Collaboration and knowledse diffusion via co-author networks

This map highlights t
Sciences with locatio
shows the research collaboratlons of all CAS institutes. Each smaller geograph1c 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. .

Individual Co-PI Network
Ke & Birner, (2006)
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Mapping the Evolution of Co-Authorship Networks
Ke, Visvanath & Birner, (2004) Won 1st price at the IEELE Infol is Contest.

Daal

Taylar au Stonebraker Dantzich Thiel Heath
Chen .
Aiken Larson Lakow Fox
Faxson  Wisnovsky Laiday Fobbing
Spaleing Chu Munzner Averaneh
Hellerstein Crerwinski Hix
Konstan ot Guimbretiere France
Baldonaca Ercegowves
Bary Olstan lin Deline Seni Schulman
Kuchinsky
Caills Chi Gossweiler Robertson Guyer MNowell
Ried| Hearst
° .
Mackinlay Diehl Masintor fork Tanasse
Shoop Schank
Fietzel Halvorsan Hetzler
Federsen Tenoy | Whiney
Lewis Chang Piralli Hawre
Badro Ptk
Rano
Jerding Igarashi
Zhang Zellweger - Fughall
Lamping
Price Staskg  [reemer o Hopkins Senn
Callahar
; Burks
tAukherjea
Jones Lucas
®Brown Harrald Waissr ik Kolojechick
Botatogo Jahnson Card Dunmire
Cagan Serston Godstein Gomberg
Weiland
Firdlin Shneiderman Lot Chuah hattis Stroffaling
. Bedersan Wattenbery Jain Hao o
Furnas Fiose Williamson Hemmann - Deyal Kerpedjin
Hsu
Marth
Widaff Derthick
] Flaisant Milash Ahlb Seicl ke Schneidewind Harrison
erg Kriegel
Doan N
Zacks Tanin Morh Panse
Carr Beigel “Wistranc Berchtold Moore
Ankerst
Legend Node Color Code Edge Color Code
Nedes ~ Authors o't 20-% mm— Mapping the Evolution of
N o b g Lapars pubiahiad 5, oe-co Co-Authorship Networks
30-39 DN o1- Weimao Ke, Lalitha Visvanath & Katy Borner
Edges ~ Co-authorship ralafions 40-49 NN InfoVis Lab @ Indiana Umvars}s
Displayed Year: 1988 20

Filgyer cxnlewr ~ Y af firsd cn-sautburshipe

Go- I

o o /
Faxson Wisnovsky

U. Minnesota

&

Baldonado
@

Kuchinsky

Chi

Usr.onp

e

Retzel

. o
Georgia Lewis

0Ee.drc. @
Tech ‘“zvong !

R |
Price St

OLenda-,r 4

DKDM'.CH Woodruff

Mapping the Evolution of Co-Authorship Networks

A St Stonabraker
oo /Q : U Berkeley

Alken

4
O Ercegovec
(s 2

Olston™2

L
Guimbratigrs

Temporal/Network Analysis

Q- i 1986-2004, US, Infol/is Scope

Eagan olving co-anthor networks and anthor i

Bell
Labs @r.. s

°Zh.fm g oJu'
@,
Zacks o
Carr
Legend

Modes ~ Authors
MNode area size ~ Number of papers published
Node color =~ Number of citations

Edges ~ Co-authorship relations
Edge color ~ Year of first co-authorship

F\alsenl om;\;:f’lr:m
U Maryland &

Beigel
Node Color Code
10-19
20-29
30-39 I
40-40 NN

[ amesenesacan |

Williamson Ry - o
°Seid fKeir
\hiberg Kriegel 1
0
o

“Wistrand Berchtold

Ankerst
Edge Color Code
86-90 |
91-95
96 - 00
01-

Displayed Year: 2004

"
& &,
Dantzich| Thiel 74 Oelel D ieath

o
Larson

“Robbins -
Spalding?, o ® g
Chu Munzner Czerwinski', ",

o
Hellerstain

I

Fobersan Nowel
Pork .
er Tanasse
OH elzler

Whitney

o
Tenew

Henre

Heu

ODerrr.lr,,.
"o hngidewind ‘,Ham:cn
nBEY

Morth

Panse

8
Moaore

Mapping the Evolution of
Co-Authorship Networks

Weimao Ke, Lalitha Visvanath & Katy Bémer
InfoVis Lab @ Indiana University
200

Virginia

Tech

20




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

ot by high-impact co-authorship teams? i z—J ,,{_’_\_. D el i \ i ‘, \./

Contributions:

* New approach to allocate citational =l ; N
credit.

NGRRVETRIE: Temporal/Network Analysis

* Visualization of th 1986-2004, US, Infol is 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.
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113 Years of Physical Review

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

Bruce W. Herr 1I and Russel]l Dubon (Data Mining & VVisualization), Elisha F. Hardy (Graphic Design), Shashikant
Penumarthy (Data Preparation) and Katy Birner (Concept)

| 1 3Years of Physical Review

Topical/Network Analysis
1893-2006, World, Physics Scope

Lopic evolution, knowledge diffusion, Nobel predictions
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Topical Composition and Knowledge Flow Patterns in Chemistry Research for
1974 and 2004
Kevin W. Boyack, Katy Birner, & Richard Klavans (2007)

Chemistry - Biology Interface
1974

Physical Chemistry

2004

( ‘ Chemistry, Polymer Physical Chemistr

/_’Chemi.stry, Polymer

(thfniatr /,
Analytica

- Chemistry,
. » Analytical

/ P Temporal/Network Analysis
e 1974-2004, US, NSF Chemistry Funding Scope

Mapping the main structure, topic evolution, and knowledge diffusion

Biochemistry

Number of papers by cluster

Biochemistry

,\?i:'ruj),ip:
' Plant Science

Fraction of papers by cluster

{ MicroBio;
¥ Plant Science

Knowledge flows cluster to cluster

40,000 Biology
20,000 Other N Chemistry source recipient
10,000

J 5,000 Biochemistry cited citing
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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.

» Uses combined SCI/SSCI

Math
from 2002 taw
.
° 1.07M papers, 24.5M Policy é.‘ Statistics X ~ 1; Computer Tech
references, 7,300 journals . ¥ AN
oy g . . Economics T , .
¢ Bibliographic coupling of CompSei WY M phys.chem
papersf aggregated to Education » ‘__43‘ & Vision 4w Physics _:- e "F Chemistry
journals g - —
.. . . . Psychology % L
» Initial ordination and clustering b gSrain ervronment .
. n F - ! " eoScience
of journals gave 671 clusters R e
: e A
» Coupling counts were B Siochan = . eiology
reaggregated at the journal W s Qaterils 3 S -
cluster level to calculate the . 3 - *7 " wicrobiology
.E’ g Plant
* (x,y) positions for each e e Cancer 7
. Disease & WL . nimal
journal cluster Treatments i 7
Virology g 1= Infectious Diseases

* by association, (,y)
positions for each journal
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Science map applications: Identifying core competency
Kevin W. Boyack, Katy Birner, & Richard Klavans (2007).

Funding patterns of the US Department of Energy (DOE)
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Science map applications: Identifying core competency
Kevin W. Boyack, Katy Birner, & Richard Klavans (2007).

Funding Patterns of the National Science Foundation (NSF)
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Science map applications: Identifying core competency
Kevin W. Boyack, Katy Birner, & Richard Klavans (2007).

Funding Patterns of the National Institutes of Health (NIH)
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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/NSF/NIH
Funding Scope

Map main structure of science and funding profiles
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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 Labels: (o [ ]| search

oEEEE
3

Status and Futu

Topic/Network Analysis
2007, US, NIH Funding Scope
Map main structure of INIH funding and institutes’ funding profiles
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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.
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Barner, Katy (2010) Atlas of Science. MIT Press.
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Computational Scientometrics
Cyberinfrastructures

http:/ /sdb.slis.indiana.edu

@ Scholarly Database: 25 million scholarly records

James 8. MeDonnell Foundation B

g»%% VIVO Research Networking
&S http://vivoweb.org

Information Visualization Cyberinfrastructure

http:/ /iv.slis.indiana.edu

http:/ /nwb.slis.indiana.edu } Y

Science of Science (Sci?) Tool and CI Portal
http:/ /sci.slis.indiana.edu

@ Network Workbench Tool & Community Wiki

gv“\%% Epidemics Cyberinfrastructure
q% http://epic.slis.indiana.edu/

T OSGi

Alliance

\UIC|Sh( ||
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Network Workbench Tool

. 1
htt . nwb.shs.lndlana. NWB Downloads Cummulative

70,000 Oct. 2006-Feh. 2010

50,000
The Network Workbench (NWB) tool 50000
supports researchers, educators, and "
practitioners interested in the study of T 4npo0 L

. . . . . = | LOGIN |
biomedical, social and behavioral science, 5
. & 30000 Dev Zone About
physics, and other networks. =
1 Summary
In February 2009, the tool provides more 169 | summary 20,000
plugins that support the preprocessing, Smate i oo
. . . . - | twork I
analysis, modeling, and visualization of (B The ersond 10000
more
networks. Hun 1o cite this projeg
o
More than 50 of these plugins can be News & Updates
applied or were specifically designed for " Koot e
. website access: .
S&T studies. Time
- 33300 1.0.0 beta & Released R EEIEN bowNLOAD
= 1.23.09 Ann Mcranie's tutorial abstract for Sunbelt
2008
It has been downloaded more than 65,000 - 11.4.08 Two NWB Pis featured in “Connectes—The gy Starten
. . Power of Six Degrees.” 2008, Ainna MariaTalas,  gee more documentation
Director. Australian Broadcasting Ci ation, Ltd. -

times since December 2006. e s e

Herr I, 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.
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Computational Proteomics
What relationships exist between protein targets of all drugs and all
disease-gene products in the human protein—protein interaction network?
s
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Michael E. Cusick, 2 ooz, o —
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Albert-1dszlo Barabasi, 9 v
@ Saes oz ® 0
and Mare Vidal. (2007). S “o WA @AM .
o® Membrane
Drug-target Network. . i
el * Organelles
Nature Biotechnology . i
‘ - “ilh I Unknown
25 no. 10: 1119-1126. . . LA '
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Figure 2 Drug-target network (DT network). The DT network is generated by using the known associations between FDA-approved drugs and their target
proteins. Circles and rectangles correspond to drugs and target proteins, respectively. A link is placed between a drug node and a target node if the protein

is a known target of that drug. The area of the drug (protein) node is proportional to the number of targets that the drug has (the number of drugs targeting
the protein). Color codes are given in the legend. Drug nodes (circles) are colored according to their Anatomical Therapeutic Chemical Classification, and the
target proteins (rectangular boxes) are colored according to their cellular component obtained from the Gene Ontology databass.
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Computational Epidemics
Forecasting (and preventing the effects of) the next pandemic.

Epidenzic Modeling in Complex realities, V. Colizza, A. Barrat, M. Bartheleny, A.1V espignani, Comptes Rendus
Biologie, 330, 364-374 (2007).

Reaction-diffusion processes and metapopulation models in beterogeneous networks, V.Colizza, R. Pastor-Satorras,
A.Vespignani, Nature Physics 3, 276-282 (2007).

Modeling the Worldwide Spread —elmpact or
of Pandenric Influenza: Baseline E =
Case and Containment Interventions,

V. Colizza, A. Barrat, M. Barthelemy,
A.-J. Valleron, A.Vespignant,
PloS-Medicine 4, e13, 95-110 (2007).

Global Spread or Infectious Diseasese—

o

*Forecasts
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Tuiorials Katy Borner (2010) Science of Science Research and Tools (12 Tutorials). Reporting Branch, Office of Extramural Research/Office of the Director, National
Institutes of Health, Bethesda, MD.

Seott Weingart,
Biberstine {2010
Science, Indiana Tutorial #01: Science of Science Research

Tutorial #02: Network Science / Information Visualization

Tutorial #03: CIShell Powered Tools: Network Workhench and Science of Science Tool
Tutorial #04: Temporal Analysis—Burst Detection
Tutorial #05: Geospatial Analysis and Mapping

Tutorial #06: Topical Analysis & Mapping

Tutorial #07: Tree Analysis and Visualization

Tutorial #08: Network Analysis and Visualization
Tutorial #09: Large Network Analysis and Visualization
Tutorial #10: Using the Scholarly Database at IU 5 S e 5 o g
Tutorial #11: VIVO National Researcher Networking ﬁf{b' / / 2. .f/ZJ‘. Zﬂﬂ’l&lﬂﬂ. 6’0’%/ '5‘622
Tutorial #12: Future Developments

Ceetha Senthil (2010). Multidisciplinary Nature of Work With Reference to PIs and IC's Within a Portfolio. P4 Group at NIH

NIH Office of Extramural Research and Katy Birner (2010) Network Visualizations Using SPIRES Data and the $ci2 Tool Office of Extramural
Research at NTH




~_Atool for

20 Sci? Tool — “Open Code for S&T Assessment”

Sfarch & practice

Joint Co-Authorship Nerwork

OSGi/CIShell powered tool with NWB plugins and

many new scientometrics and visualizations plugins.

> E:
e _q ”
‘...- 5 ‘f\‘
i
i S S <
- ®... -
: ;
A e e — I—I
o oy
B e S Sci Maps GUESS Network Vis

Horizontal Time Graphs

Bérner, Katy, Huang, Weixia (Bonnie), Linnemeier, Micah, Dubon, Russell Jackson, Phillips, Patrick, Ma, Nianli, Zoss,
Angela, Gno, Hanning & Price, Mark. (2009). Rete-Netzmwerk-Red: Analyzing and Visnalizing Scholarly Networks
Using the Scholarly Database and the Network Workbench Tool. Proceedings of 1SST 2009: 12th International Conference
on Scientometrics and Informetrics, Rio de Janeiro, Brazil, July 14-17 . Vol. 2, pp. 619-630.
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M Load and Clean ISIFile 08703,52009 00:15:05 AhA . .
Circular Hierarchy
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sfarch & practice

Sci? Tool: Algorithms

See hitps:/ [ nwb.slis.indiana.edn/ 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: Algorithms cont.
See hitps:/ [ nwb.slis.indiana.edn/ community

Extract K-Core

Annotate K-Coreness

HITS

PageRank
Weighted & Directed

HITS

Weighted PageRank

Textual

Burst Detection

NEW:
Database support for ISI and
NSF data.

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)

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
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RO
Mapping Transdisciplinary Tobacco Use Research -
Centers Publications 120
Compare RO1 investigator based funding with TTURC f'::
Center awards in terms of number of publications and “
evolving co-author networks. .
Zoss & Birner, forthcoming. v

-
i i
1Rt

[1-T18: 1} LT

1 & TTURC Project Information
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/ R01 5 in 100k
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#7778 TTURC $ in 100k

\\T['Ull(‘. Pubs
\
| F——

\ROT Pubs

A\

# TTURC Centers
—

\

2004

2008
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Interactive Science Map of NIH Funding
Herr 11, Bruce W., Talley, Edpund M, Burns, Gully APC, Newman, David & 1a Ro

we, Gavin. (2009).

‘NIH - Visual Browser apna

Labels: On Search | Clear |

. -
eening

Scientifi@rences
. b, 8

L
.

1;raining - CI"A% Research A Scientific'Conferences

Center CoreGr

. LA
senter \Grants ** Js*5e
° ’%. . . *. Y

Course Develppment

Training - Clinitian Research {:

" . s * Interp ﬁﬂ%mm"v
. Placenial Formatign/Functiddministrative Core SuJ;S%'R'”Q -In I Program8 ,
Training - Cli #search B A
L
-

Gastric System
.*-

4 matches
NHLBI

NICHD ’

NIGMS §
0

0 0 1

Download ag CSV
s o
Embryonic Stem Cells: Comprehensive
Training Program... PI: Loring, Jeanne
F
sT1sHD0A02Ea15 CISHL Cefl
nd Developmental Biology of
Kenopus... PL Grodzicker, Terri L
sPsoGhoesnsons GENE
NETWORKS: FROM MOLECULES TO
MECHANISTIC MODELS... PI: Odell,
Garrett M
I oecns 35101
Post-Fajury Dysregulation of Lipid
Metabolism... PI: Victorino, Gregory P

tap Data: MIH Institutes - Terms of Use

bittp:/ [ scimaps.org/ maps/ nih/ 2007
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MEDLINE Publication Output by The National Institutes of Health (INIH)

Using Nine Years of ExXPORTER Data

Katy Borner, I

lianli Ma, Joseph R. Biberstine, Cyberinfrastructure for Network Science Center, SLILS, Indiana University,

Robin M. Wagner, Rediet Berhane, Hong [iang, Susan E. lvey, Katrina Pearson and Carl McCabe, Reporting Branch,
Division of Information Services, Office of Research Information Systems, Office of Exctramural Research, Office of the

Director, National Institutes of Health (NIH), Bethesda, MD.

Electrical Engineering
& Computer Science

Map continued on right

Earth Sciences

005

4,736

36,148

Circle Area: Paper Count
2001 - 2009

8,

13| uo panujuos depy

2001 - 2003 Humanities
B 2001 - 2006
-
W 2001 -2009 Copyright (c) 2008 The Regents of the University of California
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Where Are the Academic Jobs? Interactive Exploration of Job Advertisements

in Geospatial and Topical Space
Angela Zoss, Michael Connover, Katy Bérner (2010)

Visualization of Job Postings

Bl [Cecaranhicl [ G

nhie i

lizatian l

Visualization of Job Postings

[FEpTsrSiEnce] [ Geograpnic

..

Postdoc at Harvard Medical School Lﬂ

e - S Visualization of Job Postings

Wanitoba | | Map of Science

Map of Science

san 4| Baskatchewan
T

Winni
apes

=

. Chemistry

MIMPI@ .

’

yciiiing

Nalaska - oo

er meln° Kan|

g
Colorado s
Wichita®

Tulsa

S

PR Okigagma

Ewarch for Jobs,

Nevt
Mexico Dallas
@
o 5
Bl 3
Ogle "
search for Jobs

Coogle

M A Msdics] Specidties:
South . »
Dakota [al-Englnasrng and Computer Sclencs - | A

Infectious Diseases

Copyright @ 2008 The Regents of the University of California - Terms of Use.

Seientific domains are highly
interconnected. The boundaries between
different domains are often fuzzy. One
way of thinking about the relationships
between domains is to conceptualize all
scientific domains as existing within a
large network of research

Haslth Professlenals

Creating a network of scientific research
can be accomplished by looking at
scientific journals and their articles, The
UCSD Map of Selence used here is the
praduct of a large study by researchers at
the University of California San Diego
using 7.2 million papers and over 16,000
separats journals, proceedings, and
series from Thamsan Scientific and Scopus
aver the five year period from 2001 to
2005, The researchers used citations
between the papers and journals to
cluster journals into small groups of
highly related journals

Brain Ressarch

Soolal Solinses

Those clusters are represented by 554
individual nodes in the network. The links
between the clusters show that some
clusters are related to other clusters but

Furnsifles

are nat as tightly connected as the
journals that make up each cluster. Then
the clusters are labeled bath by the

cantent area shared by the journals in the
cluster and by the averarching scientific
domain far that cluster (represented by

one of 13 colars),

Search for Jobs |

Search

Eintechnology

= Maps of science like this one can be used
ta understand many different data sets
and haw they can be represented by
topic. Here we are looking at the topics
that annaarin ink nnstinas fram lare inkh

bttp:/

cns-nd3.slis.indiana.edu/ mapjobs/ geo
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Computational Scientometrics
Cyberinfrastructures

Scholarly Database: 25 million scholarly records
¥ http://sdb.slis.indiana.edu

g»u\a% VIVO Research Networking
& http:/ /vivoweb.org

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

http:/ /nwb.slis.indiana.edu

Science of Science (Sci?) Tool and CI Portal
http://sci.slis.indiana.edu

}ﬁ Network Workbench Tool & Community Wiki

;L%% Epidemics Cyberinfrastructure
% http://epic.slis.indiana.edu/

a5 CShel|

Alliance 45

SQ&‘ SCHOLARLY DATABASE Scholarly Database: Web Interface
bttp:/ [ sdb.slis.indiana.edn

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

@5 SCHOLARLY DATABASE . Qf‘f 'O' f—\FH Y WATAPAQF
WTJ User Non-IU User

O ERE e @
Register for free access at http://sdb.slis.indiana.edu
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File  Edit

atabase :: Results - Mo

Wiew

Hiskary

Bookmarks

Toals

=10l x|

Help

‘; - c x TaT ||j |http:,l’,l’sdb.slis.indiana.edu,l’search,l’results,l’?q=("artiFiciaIintelligence") ‘i’\f - I

| mark mckis umich f

Most Visited ’ Getting Started 5 | Latest Headlines |j Haotel Kénigshof - Bod...

Search | Edit Profile

Browse Results

Admin

Mextsx

Source

Medline
Medline
Medline
Medline

Medline

Medline

Results 1 through 20,

Authors /Creators

LaCambe

Schrmitt

Adlassnig and
Adlassnig

Touretzky

Goldenberg

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

Total results per database: NIH: 2,103,

Tear

1287

1989

1990

2002

1280
1980

Medline: 10,235, USPTO: 279, NSF: 614,

Score (outof

Title 5.71)
Artificial intelligence. 5.71
Artifici i e: expert sy 571
[ Artificial intelligence in dentisty] 5.71
Artificial-intelligence -augmented systems. 5.60
Artificial intelligence. 4,86
Artificial intelligence. 4,26

¥ scholarly Database :: Downloa

Fle Edit View History Bookmarks

o:

a Firefox

Tools  Help

-loix|

r

C 0 i [ L [hepussab.sis.indizna. cufdonnload/2a=( artfical inteligence) AND 77~

- mark mekie umich -

(2] Most Wisited P Getting Starked 5 Latest Headlines | | Hatel Kénigshof - Bod.

Since March 2009:

SCHOLARLY DATABASE]

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

Users can download networks:
Co-author

Co-investigator

Download Results

I select all dovnloads.

Medline Databas

I Wediine suthar table [T

7 Mediine master table [

NIH Database:

I Mtk rmaster table T8

NSF Database:

7 NSF master table

=

USPTO Database:

7 USPTO agent table =
7 UsPTO assignas table

I UsPTO claims table [
™ USPTC inuentor tabls L

I USPTO master table L

Download |

[T Medline MeSH heading table =
I7 Mediine MesH qualifier table L]

7 Wediine co-suthor table (b Format) 10

I WS ca-investigator table(nub formast) L0

[T UseTo Patent Cooperstion Trasty table =

7 USPTO citation table [rwb farmat) 0
7 USPTO cominventor table (nub formast) T

I USPTO master (burst format) =

Search | Edit Profile  Admin  About | Logout |

Download |20000 records starting at record |1 from the fallowing databases:

Co-inventor

Patent citation

and tables for

burst analysis in NWB.

File  Edit

View Favorites  Tools  Help

Qe - - ¢

Address [ D:\sampledatatstientometricsisda

| saarch (- Folders

B~ =

| Hame | Size | |

CD Writing Tasks ¥ Files Currently on the CD
File and Folder Tasks S @Me ine_author_table.csy H 980 KB
Bl Medline_co-author_table_{rwb_format}.csv 627 KB
) Make aniew Folder EllMedine_master_table,csv 13,986...
& Publish this Folder ta the Bl Medline_MeSH_heading_table.csv 3,453 KB
b @Med\ine_MeSH_quaIiﬁer_tab\e‘csv BS3KE
ELIMIH_master_table.csv 5,189 KB
Other Places a @NSF_co-invastigator_table_(nwb_Format).csv 19KEB
ELIMSF_master_table.csv 1,305 KB
I3 sdientometrics B USPTO_ co-inventor_table_{rwb_format).csv 16KB
My Dacuments ELJUSPTO_agent_table.csw Z0KE
\a My Metwork Places @USPTO_asslgnea_table.csv Z3KEB
@USPTOJ\tationftabIei(nwbjormat).csv TZKEB
ELUsPTO_nwentor_table.csw 69 KE
Details ® @USPTOfmasterftburstjormat).csv 308 KE
sdb @USPTO_master_tah\e.csv 7 KB
File Folder I EJuspTO_patent_Cooperation_Treaty_table.csv 2KE

Date Modified: Today, April
08, 2009, 1:25 PM -[4] | |

[ Done




Enabling a National
Network of Scientists

VIVO: A Semantic Approach to Creating a National Network
of Researchers (http://vivoweb.org)

- Semantic web application and ontology
editor originally developed at Cornell U.

- Integrates research and scholarship info
from systems of record across
institution(s).

- Facilitates research discovery and cross-
disciplinary collaboration.

Soon:

« Simplify reporting tasks, e.g., generate
biosketch, department report.

~= o

S,

Cornell University: Dean Krafft (Cornell PI), Manolo Bevia, Jim Blake, Nick Cappadona, Brian Caruso, Jon Corson-Rikert, Elly Cramer, Medha Devare,
John Fereira, Brian Lowe, Stella Mitchell, Holly Mistlebauer, Anup Sawant, Christopher Westling, Rebecca Younes. University of Florida: Mike Conlon
(VIVO and UF PI), Cecilia Botero, Kerry Britt, Erin Brooks, Amy Buhler, Ellie Bushhousen, Chris Case, Valrie Davis, Nita Ferree, Chris Haines, Rae Jesano,
Margeaux Johnson, Sara Kreinest, Yang Li, Paula Markes, Sara Russell Gonzalez, Alexander Rockwell, Nancy Schaefer, Michele R. Tennant, George Hack,
Chris Barnes, Narayan Raum, Brenda Stevens, Alicia Turner, Stephen Williams. Indiana University: Katy Borner (IU PI), William Barnett, Shanshan Chen,
Ying Ding, Russell Duhon, Jon Dunn, Micah Linnemeier, Nianli Ma, Robert McDonald, Barbara Ann O'Leary, Mark Price, Yuyin Sun, Alan Walsh, Brian
Wheeler, Angela Zoss. Ponce School of Medicine: Richard Noel (Ponce PI), Ricardo Espada, Damaris Torres. The Scripps Research Institute: Gerald
Joyce (Scripps PI), Greg Dunlap, Catherine Dunn, Brant Kelley, Paula King, Angela Murrell, Barbara Noble, Cary Thomas, Michaeleen

Trimarchi. Washington University, St. Louis: Rakesh Nagarajan (WUSTL PI), Kristi L. Holmes, Sunita B. Koul, Leslie D. McIntosh. Weill Cornell
Medical College: Curtis Cole (Weill PI), Paul Albert, Victor Brodsky, Adam Cheriff, Oscar Cruz, Dan Dickinson, Chris Huang, Itay Klaz, Peter Michelini,
Grace Migliorisi, John Ruffing, Jason Specland, Tru Tran, Jesse Turner, Vinay Varughese.

Enabling a National

Network of Scientists

VIVO Users and Needs

- Faculty/Researchers

= Customize profile created via feeds; find potential collaborators, “people like
me”; discovery via high search rankings; info on activity of colleagues...

Students

= Create profiles; easily find mentors + collaborators; locate facilities, events,
funding opportunities...

Administrators

= Quickly find cross-disciplinary expertise (research area; geography); centralize
public data from diverse sources; easily repurpose information for consumers;
improve faculty collaboration within or across departments and institutions...

- Funding, donor, legislative agencies
= Discover projects, grants, expertise (e.g. for review panels; targets for funding)...

General public
= Find expertise, learn about research in a region/institution...




8  Enabling a National

VIVO Web Pages

ri Projch Colecions | FaciSes | Fundeg

Welcome 1o CALS Research

A pozal tn 38 CALS Resaarch actuties. Salect fhe idndl acadamic oy Seas in the anner 3bow fr 2 mon tened ew

* Expats Gukd
Home
Search
Exparts by

B  Enabling a National

VIVO Data Providers & Users

- Eagle-i (“enabling resource discovery” U24 award)
 Federal agencies — NIH (NIH RePORTER), NSF, USDA, ...
« Search Providers — Google, Bing, Yahoo, ...

« Professional Societies — AAAS, ...

« Publishers/vendors — PubMed, Elsevier, Collexis, ISI...
« Semantic Web community — DERI, ...

« Consortia of schools — SURA, CTSA...

« Producers, consumers of semantic web-compliant data




Enabling a National

Network of Scientists

VIVO makes high coverage,
high quality data from

systems of record (-] [
* available online N
« for free, and

* in machine readable
format.

VIVO ontology is aligned -/
with many existing Web 2.0 (' =
and scholarly ontologies to B
ease interoperability.

Borner, Katy

Download Data

General Statistics

Enabling a National
Network of Scientists

cemeruemt.l — | General Statistics
e _ o o * 36 publication(s) from 2001 to 2010

* 80 co-author(s) from 2001 to 2010

Co-Author Network

Save as Image (PNG file)

. Tables

* Publications per year

You

Co-authors




Year| Publications

36 publication(s) from 2001 to 2(

Enabling a National
Network of Scientists

80 co-authot(s) from 2001 to 201

Year, Count Co-Authoris)

2001 1/ Chen C.

2002 3 Chen C.; McMahon T.; Feng Y.
2003 2 Chen C.; Boyack KWW,

2004 17 Sengupta A Penumarthy S.; Thakur 5.; Sooriamurthi B, Maru J.T.; Shiffrin R.M.; Mane K Moor KA

Rt =R T R Rt B SN P S N |

Co-author network

<L#xml wersion="1.0" encoding="UTF-5">

<graphml xmlns="http:/ graphnl.graphdraving. org/<nlns"

xmlns:xsi="http: /fwmmr, w3, org/ 2001 ZHMLSchena-instance™

#5i:schemalocation="http: //graphml. graphdraving. org/<nlns

http: //graphml. graphdrawving. org/xnlns /1. 0/graphml . xsd™>
id="1lahkel” for="node” attr.name="lahel™ attr.type="string” /=
id="mumber_of_authored works" for="node” attr.name="number of_ authored works" attr.type="int" />
id="num_unknowm_publication” for="node” attr.name="mum unknomm publication” attr.types="int” S
id="mum latest_publication” for="node” attr.name="num latest publication” attr.type="int" />
id="latest_publication” for="node” attr.name="latest publication” attr.type="int™ /=
id="profile_url™ for="node” attr.name="profile url” attr.type="string” /=

network of Bomer, Kaly

Save as Image (PNG file)
Publications per year

Co-authors

Blackwell A,
Boyack KW,
Bozicevic M.
Brodbeck D.
Burkhard R.A.
Chen C.

Enabling a National
Network of Scientists




\/|VO Enoblmg National Networking of Scientists

hitp://www.vivoweb.org

Cumulative Counts (World)
Jan 29 - Feb 5, 2010

VIVO People Profiles 32,125

3l VIVO Email Requesis 4

VIVO Web Visits (Countries) 16,060

VIVO Code Downloads 20
Profiles  Emails Web Visits

100 © 1 100

10,000 10 10,000 S8
100,000 100 1,000,000 & :
Created by: Jennifer R. 5. Colfey (design). Kaveh Ekbia, Justin Peters (ArcGiS) and Katy Bémer (concepl).

Science is global. World view of VIVO activity.
Web site visits are aggregated at the country level.

\/|VO Enoblmg National Networking of Scientists

http://www.vivoweb.org

Cumulative Counts (World)
Jan 29 - Apr 16, 2010

VIVO People Profiles 33,551
3l VIVO Email Requesis 30
VIVO Web Visits (Countries) 145,096
VIVO Code Downloads 86
Profiles  Emails Web Visits
100 & 1
10000 10 10,000 B
100,000 100 = -
Created by: Jennifer R. 5. Colfey (design). Kaveh Ekbia, Justin Peters (ArcGiS) and Katy Bémer (concepl).

Shown are the

- Number of people profiles in the 7 different VIVO installation sites plus CAS and U Melbourne.
- Email contacts by data and service providers as well as institutions interested to adopt VIVO.
- The number of visitors on http://vivoweb.org

Circles are area size coded using a logarithmic scale.




\/|VO Enabling National Networking of Scientists

hitp://www.vivoweb.org

Cumulative Counts (World)
Jan 29 - Jul 30, 2010
VIVO People Profiles
8 VIVO Email Requests
VIVO Web Visits (Countries)
VIVO Code Downloads
Profles  Emails Web Visits
100 @ 1 100
10,000 10 10,000
100,000 100 1,000,000

- -
Created by: Jennifer R. 5. Colfey (design). Kaveh Ekbia, Justin Peters (ArcGiS) and Katy Bémer (concepl).

VIVO 1.0 source code was publicly released on April 14, 2010

87 downloads by June 11, 2010.

The more institutions adopt VIVO, the more high quality data will be available to understand, navigate,
manage, utilize, and communicate progress in science and technology.

Computational Scientometrics
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Bérner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003).
Visualizing Knowledge Domains. In Blaise Cronin
(Ed.), ARIST, Medford, NJ: Information Today,
Inc./American Society for Information Science and
Technology, Volume 37, Chapter 5, pp. 179-255.
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Bérner, Katy (2010) Atlas of Science. MIT Press.
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Mapping Science Exhibit — 10 Iterations in 10 years

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

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)

- Science Train, Germany.

cyberinfrastructure for
ETWORK SCIENCE CENTER

School of Library and Information Science | Indiana University Bloomington

Cyberinfrastructures Qutreach

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

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?

Large-scale, high
resolution prints
illuminated via projector
or screen.

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

* What impact have scientists?

Interactive touch panel.

Contributions:

. . . AERE: HTRESRERITE
¢ Interactive, high resolution . =

interface to access and make sense
of data about scholatly 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

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

12 coaches, 300 m long
Opening was on April 234, 2009 by German Chancellor Merkel




LEGEND CLlCKSTREAM MAP
' ' OF SCIENCE

Bollen, Johan, Herbert Van de Sompel, Ari ef 1 Chute, Marko A. Rodnqu
Lyudmila Balakireva. 2( )08S. \ ( llcl\mum 1\ [ap of \ucnu

Chemical Research & Developrnent The Gouncil for Chemical

Powers the U.S. Innovation Engine i

Macroeconomic Implications of Public and Private R&D Investments in Chemic:

FEDERAL
GOVERMMENT

P -
$1 Billion M $8 Billion

FEDERAL FUNDING TAXES
ST,

$5 Billion

INDUSTRY FUNDING

CHEMICAL
INDUSTRY

N

$1 B $] B + $5 B||[|0|-| s]o Bi"iOl’l $40 Bi"ion us. Ecm.‘om

1 YEARS ——4—> 5 YEARS—{ GROWTH IN GNP

;'r r i CHEMICAL INDUSTRY
OPERATING INCOME

+
—————— 20 YEARS . 600,000

JOBS CREATED

Council for Chemical Research. 2009. Chemical R&D Powers the U.S. Innovation Engine.
Washington, DC. Courtesy of the Council for Chemical Research.




