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Desirable Features of Large, Interdisciplinary Research
Initiatives /Centers

"Large/major’ funding should result in high quantity and high quality scientific
products such as experts, papers, patents, databases, software tools,
Cyberinfrastructures and associated

* intellectual capital

* social capital

* infrastructure capital

that is important to a research community.

They should have an interdisciplinary ‘footprint’, i.e., consume and produce

scientific products from many scientific domains.
Education and Outreach are important.

Initiatives/Centers provide critical mass, physical facilities, longevity, stability, visibility

that can have a major impact on the growth of a research community.




Evaluating Large, Interdisciplinary Research Initiatives/Centers

Data Acquisition

Acquire all (interdisciplinary) scientific products consumed and produced
(experts, papers, patents, databases, software tools, cyberinfrastructures, funding) by the
initiative(s) /center(s) in question as well from ‘compatison’ units.

Data Analysis

Number of consumed/produced products over time.

Geo and topic location of consumed/produced products.

Dynamic features, e.g., burst of activity, (social) network evolution, secondary effects.
Initiatives/Centers should be involved in positive (not negative) feedback cycles.

Result Communication

Top-n lists. Success stories.

Tables of major produced/consumed entities. Profiles.

Major produced/consumed entities in their (geo/network) context, e.g., paper
citation graphs, funding-papers-PI graphs, evolving scholarly networks., impact on
education/public policy.

Computational Scientometrics:

isual Interfaces

Studying Science by Scientific Means to Digital Libraries

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

Shiffrin, Richard M. and Borner, Katy (Eds.) (2004). Mapping Knowledge Domains.
Proceedings of the National Academy of Sciences of the United States of America, 107 (Suppl_1).

Birner, Katy, Sanyal, Soma and V espignani, Alessandro (2007). Network Science. 1n Blaise

Cronin (Ed.), Annual Review of Information Science & Technology, Information Today, Inc.| American
Society for Information Science and Technology, Medford, NJ, 1 olume 41, Chapter 12, pp. 537-607.

Places & Spaces: Mapping Science exhibit, see also




General Process of Data Acquisition, Analysis and Visualization
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Borner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003). VVisualizing Knowledge Domains. In Blaise Cronin
(Ed.), Annual Review of Information Science & Technology, V olume 37, Medford, NJ: Information Today,
[ne. | American Society for Information Science and Technology, chapter 5, pp. 179-255.

Analysis of Emergent Research Areas




Mapping Network Science
Ke, Weimao & Birner, Katy. (2005). Mapping the Social Network and Expertise of "Network Science' Researchers. Report
to the U.S. National Research Council study on Network Science, 88-92, The National Academies Press.

Bérner, Katy. (2007). Mafking Sense of Manfkind's Scholarly Knowledge and Expertise: Collecting, Interlinking, and
Organizing What We Know and Different Approaches to Mapping (Network) Science. Environment and Planning B:
Planning and Design. 170l. 34(5), 808-825, Pion.

Data Acquisition via

Questionnaires IST Citation Data Bibliography Data
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1 1967 MILGRAM S, GCS: 148 LCS: 147
1969 TRAVERS J, GCS: 64 LCS: 43
6 1970 KORTE C, GCS: 38 LCS: 31
191 1998 Watts DJ, GCS: 365 LCS: 131
212 1999 Barabasi AL, GCS: 75 LCS: 22
215 1999 Newman MEJ, GCS: 71 LCS: 45
216 1999 Barthelemy M, GCS: 71 LCS: 46
218 1999 Newman MEJ, GCS: 40 LCS: 27
221 1999 Barabasi AL, GCS: 245 LCS: 45
226 2000 Barrat A, GCS: 57 LCS: 39
240 2000 Newman MEJ, GCS: 37 LCS: 22
254 2000 Moore C, GCS: 48 LCS: 25
260 2000 Newman MEJ, GCS: 34 LCS: 26
262 2000 Amaral LAN, GCS: 106 LCS: 28
297 2001 Strogatz SH, GCS: 111 LCS: 23
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Data Acquisition for Comprehensive Analysis




Lab/Center Management System vs. Spacebook and MS Famulus

Designed to track, manage, and make use of data relevant for the daily operation of a
medium size research team.

People

Teaching
Publications

Presentations

bttp:/ [ ivl.slis.indiana.edu

il
C S
Il

Data Entities and Interlinkages

Designed for team leads, members, I'T admins but also for
external scholars and funding agencies.

:

Not covered:

- - Quercs

- Workflows
- Protocols

- Comments
- Bookmarks
- Ratings
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Demo

bttp:/ [ ivl.slis.indiana.edn

Time series analysis & visualization
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Katy’s Travels in 2000-2006
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Mapping the Evolution of Co-Authorship Networks
Ke, Visvanath & Birner, (2004) Won 1st price at the IEEE Infol”is Contest.
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InformationVisualization Cyt

The Infolis Cyberinfrastructure peovides access to data, softwane code and learming
modules a5 wll &5 computing nescurces in support of the analysis, modeling
and visualization of diverse data sets.

Scholarly Database

CAREER: Visualizing Knowledge Domains. NSF 11S-0238261 award
(Katy Birner, §451,000) Sept. 03-Aug. 0S.

A Workbench for Netwark Scientists

ork Workbench: A Large-Scc
it for Biomedical, Social Science and Physics
d (Katy Birner, 7 Barabast, Santiago
Alessandro Vespignani & Stanley Wasserman, Eric Wernert (Senior Personnel),
$1,120,926) Sept. 05 - Aug. 08.

Challenges - Interlink $ Input &
Publication/Patent Citation Output

Grants Patents Papers in Area A Papers in Area B

Time

Scholarly Knowledge o

Citation Links —
Need to interlink

» Grants and papers/patents.
» Grants/papers/patents and their PIs/authors/inventors, etc.

Use resulting networks to
» Count #papers, #citations, etc.
» Determine strength of co-PI/author/inventor relations, etc.




DESIGN BY ELISHA HARDY

(i Scholarly Database: Web Interface

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

Datasets available via the Scholarly Database (* future feature)

Scholatly Database: # Records & Years Covered

Dataset # Records Years Covered Updated Restricted
Access

Medline 13,149,741 1965-2005 Yes

PhysRev 398,005 1893-2006 Yes

PNAS 16,167 1997-2002 Yes

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

USPTO 3,179,930 1976-2004 Yes*

NSF 174,835 1985-2003 Yes*

NIH 1,043,804 1972-2002 Yes*

Total 18,021,560 1893-2006 4 3

Aim for comprehensive time, geospatial, and topic coverage.
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SCHOLARLY DATABASE

SDB

h
Wyoming

US Patents

Vermont
New Hampsnie

Ok New Jersey)

Latest ‘Base Map’ of Science
Kevin W. Boyack & Richard Klavans, unpublished work.

» Uses combined SCI/SSCI

from 2002 i
* 1.07M papers, 24.5M raicy B
references, 7,300 journals _ '
* Bibliographic coupling of e
papers, aggregated to Ceaton .
journals €
» Initial ordination and Psycm'o.gy
clustering of journals gave 671 ™" &
clusters
» Coupling counts were
reaggregated at the journal £
cluster level to calculate the Y
* (x,y) positions for each Treaments

journal cluster
* by association, (x,y)
positions for each journal
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Science map applications: Identifying core competency
Kevin W. Boyack & Richard Klavans, unpublished wort.

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

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

Funding Patterns of the National Institutes of Health (NIH)
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#:QC IS hel I Building Market Places not Cathedrals

»  ‘Software glue’ has to intetlink datasets and algorithms written in different languages
using different data formats.

> 'The smaller the glue or ‘CI Shell’, the more likely it can be maintained.
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#g}(: |Sel ] cshelt - Serving Non-CS Algorithm Developers & Users

Developers

CIShell

S2C IShell

CILShel] Wizards

o P 2 gt

Alliance

#§3C |Sel] Cishell - Build on OSGi Industry Standard

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

OSGi (http:/ /www.osgi.org) is

» A standardized, component oriented, computing environment for networked services.
> Successfully used in the industty from high-end setvers to embedded mobile devices since 7 years.
> Alliance members include IBM (Eclipse), Sun, Intel, Oracle, Motorola, NEC and many others.

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

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

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

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




#g’c IS Ijel | CIShell — Layer Cake
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Peer-to-Peer

Stand
Alone

Server-Client

CIShell applications can be deployed as distributed data and algorithm repositories, stand alone applications,
peet-to-peer architectures, and server-client architectures.
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Load Data

Console

NWB Tool: Interface Elements
bttp:/ [ nwb.slis.indiana.edu

Select Preferences List of Data Models

Visualize Data
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Home Browse Maps Compare & Contrast Maps Connect

The Places & Places & Spaces: Mapping
Spaces exhibit has been created to k! I } Science

demonstrate the power of maps. J 2

An initial theme of this exhibit is to compare and - a science exhibit that introduces
contrast first maps of our entire planet with the 1

first maps of all of science as we know it. people to maps Of SClCnCCS:
their makers and usets.

Come see with your own eyes the extent to which maps can be employed to help make
sense of the flood of information we are confronted with and how domain maps can be used
to locate complex and beautiful information.

This online part of the eshibit provides links to a selected series of maps and their makers

along with detailed explanations of why these maps work, The physical counterpart supparts .

the close inspection of high quality reproductions for display at conferences and education EXhlblt Curators: Dr' I<thV
centers, It is meant to inspire cross-disciplinary discussion on how to best track and /

communicate human activity and scientific progress on a global scale, Bérner & Ehsha Hard\’

The Power of Maps

Four Early Maps of Our World
VERSUS
Six Early Maps of Science

|
e

(1st Lteration of Places & Spaces Exhibit - 2005)
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How would a map of science look?

What metaphors would work best?
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Six Potential Reference Systems of Science

The Visual Elements Periodic Table

Four Existing Reference Systems
(2" Iteration of Places & Spaces Exhibit - 2006)
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The Big Dipper floots high in the nurllse.nsl these early spring |
evenings, while Orion sinks low in the Southwest. These &reust o
fow of the celestiol sights you con find on ony cleargvening in iprll

using o sky mop like the one shown here.  # oA
. .

¢ hpeil §-6 & apri12-14

Early Aprik 40 pom [yl
« Lmte April: Duk

How would a reference system for all of

science look?

What dimensions would it have?
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Synthetic Resins or Natural Rubbe

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

Process of Treating Scrap or Waste Product (

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

Treating Polysiloxane

Treating Polyester
Treating With Alcohol

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

Treating Polycarbonamide

Cellular Products or Processes of Preparing /

Cellular Product Derived From Two or More Solid Polymers or Fr

= At Least One Polymer Is Derived From Reactant Containing Tw
At Least One Polymer Is Derived From An Aldehyde or Derivat
Y R P I T At Least One Polymer Is Derived From A -n=c=x Reactant Whe




Science can be thought of as containing themes and paradigms. Themes are areas of current
research, while paradigms comprise the dominant tool sets and extsting knawledge that

are used by today's researchers, This map thows 776 major paradigms in schence

along with the dominant ps betwoen thes p 0 are

shawn as circles; strong relationships between paradigms are indicated by the

lines connecting the circles. The map was created by recursively clistering

J

& A
2 Mathemarics

o E:|_!{Ilil.l| o
omu!‘ Engineering -
Science =

7
Biisiness

thﬂf‘b‘g\f’

1 | Braln

P

tum.

Fluid

@ Machanics -

Ecology

B

' Chem!

Eanth
Sciences

Plant Seiences

Cirche size = Paradigm sive

the 820,000 papers referenced mest often in 2003, Chstering at each level

was done using VuOrd, a force-directed graph layout routing, These
papers formed 53,000 clusters, 6,100 higher-level clusters, and finally
the 776 paradigms. Although each paradigm contains, on average,
1,000 papers, some are larger and some are smaller, as shown by
different sired circles on the map

The ring-like structure that is formed by sclentific paradigms.
3 very robust. We find similar structures for different years,
and for maps generated from schentific fournals. “The

Structure of Sclence™, a galaxy map shawn in the first
{teration of Places & Spaces, fs & map based on clustering
of sciontific jounals, with superimpasition of papers
on the fournal structure, whereas this map was gene.
rated directly from highly-cited papers, “The Structure
of Science™ shows current schence in a disciplinary
context, while this map can show the breadth of

that contribute to single p

Because of the robust nature of the structure of
schence and Its paradigme, we have placed our

776 sclentific paradigms within o reference sys-
tem containing 12 radial stices and & rings. This
allowes the position of each paradigm to be codified
and available for lookup; for instance Fluid
‘Mechanics paradigms are in grid B3,

We have also caloulated and displayed the vitality

of each paradigm. Vieality is a measure of the
speed at which a group of researchers reaches

about major Paradigms are

constantly being improved, but It usuly takes years

10 reach consensus about which improvements are
major, The white circles represent commanities where
consensus is reached relatively slowly. This is a common

? Viabty Scale phemomenon fn the social sclences, ecological sclences,

1 . Average of less computer sciences, and mathematics disciplines, The

o “ ) 3 @ nigh red circles of where

" 2 @ B very high consensus is reached relatively rapldly, This s more

B ; «comman in physics, chemistry, blechemistry, and many medical

disciplines. Yery dark circles (wuch a3 those in Astrophysics, L3-6)

represent communities where consensus i reached extremely quickly.

‘H t The map of scientific paradigms and its reference system can be

used for multiple purpases. Countries, industries, companies, universities,

and individual researchers can ol locate themaelves within the map, either

s single points, or as & specific collection of paradigms. Various metrics, such a5
vitality, can be overlayed on this reference system to highlight specific impacts
Science education and personal discovery can also be enhanced by linking storles and

facts to the map that highlight scientific history, current advances and relationships
between scientilic paradignm.

Nanotechnology

This overlay shows the distribution
of nanotechnology within the para-
digms of science, The majority of
current work in nanotechnology
physics, chemistry,

Nanotechnology

takes places in
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 si , at the

lower right.
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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
scafe of molecules
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The Power of Forecasts

Four Existing Forecasts
VERSUS
Six Potential Science ‘Weather’ Forecasts

. 2 2
. 4

(37 Lteration of Places & Spaces Exchibit - 2007)

Science Maps for
Economic Decision Making

Four Existing Maps
VERSUS
Six Science Maps

- . 2
 —

B E
Ll

(4" Iteration of Places & Spaces Exchibit - 2008)




Science Maps in Action

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

Research Institutions

Bérner, 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. 415-426. \

Research questions:

Stanford U

1. Does space still matter V&'
in the Internet age?

2. Does one still have to
study and work at major research
institutions in ordet to have access to
high quality data and expertise and to produce high
quality research?

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 W'l
of information among them.

log of number of institutions citing each other

1962 - 1986
1987 - 1991
- 1992 - 1996

1997 - 2001

mn
log of gecgraphic distance

Hohns Hopking U

Harvard U

MIT

@®15805-1.TM1
Q1,772- 2,097
O 2,088 - 2,529
@ 2,530 -3.038
& 30404172




Mapping Topic Bursts ';t.,.,m'i,mw Donains

receplon:

’ELCINING
*gene expression regulation

mess:enger!genetlcs

molecular weight
Co-word space of

the top 50 highly
frequent and bursty .wer::::m eadiion
words used in the @, uin

top 10% most

E><PFIESSIDN

highly cited PNAS D:fw:{:t o L | |
publications in o T \ g7 ' u.\wd‘;a;s;mmn
1982-2001. \ 1505 nucleic acsdhybr{zallon . niibodies
e\ [ N U 2o,
5~ sl Pintred shains

plasmids \". blotting

MOLECULAR SEQUENCE DATA 99"
v mutagenssis

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

nucleic acid

growith-factor

Color Code
82 -85
86 -89
. 90 - 93
. 04 - 97
. - 01
circle size ~ burst weight
cicle color ~ burst onset
ring color ~ year of max word count
years of 2nd and 3rd burst are given in colo: 4o

EXpIEssion

113 Years of Physical Review

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

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

| 13Years of Physical RE'VIEW




Examining the Evolution and Distribution of Patent Classifications

Patents Granted Over the Last 20 Years

I the United Srotes,cach patent gets mgmdmen: out of more than 450 dasses covering brood application

provides insight trends.

gl i e HE) Loy at e University of Marland, e wed 1o

results. Treemaps repeesent a tree structure as nested rectangles with each
rectangle representing a node. A rectangular area is first allocated to hold the representation of the tree. and this
areais then subdivided Into a set of rectangles (hat represent the 10p level of the tiee, | Nis process continues

i

rectangles to represent each kowes level of the tree. The parent-child relatfonship is

enclosing the child rectangle by its parent rectangle, Typicalty, the size af cach rectongle corrcsponds
tothe size of the node. Additional information about 2 node. e.g- Its age or value, can be represented by the color

\ Top Classes 1298 2002
B e
V. ., Pt i . e ”n domains. An
H e ve———re R [ B anete ik
H s Ao s o] 92T o | (il e i
ol o e

% ooy F T
= =i 257 | st otd e e . i, a2
S primteind
E o ik . s
E = S | e

) ) | o s eV o

R ol A B

ot s Trmt of the recpactive rectangle.

Slow Growth Domains
1983 - 1987 / 1998 - 2002

Fast Growth Demains
1983 - 1987 /1998 - 2002

T Chemical
Computers and Communications.

Drugs and Medical

Shawn 15 3 comparison of the patent class space for 198310 1987 and 199610 2002, There Isa predominance of qrowth In the
199 to 2002 patent space, which correlates to the increase in patent grants during this period. By comparing the growth in cat-
egorins, ong can distinguish between damain that have boen roceiving o largor amount of patent grants.

ooV

Kutz, Daniel 0. the Evolution

For more Information, contact Katy Borner at katy

of Patent Classifications.
Accepted for the Information Visualization Conference, Londen, UK, July 2004,

Apple Computer

(3) eI
— 14

" n 4 m "

Depicted above is how Apple Computers' partiolio has
changed in yearly incenents frum 1980 W 2002,

Lagand:

{areen = Increace In number af patent grants in particidas class.

fied = Decrease in number of patent grants In particular class.
— Nopatents granted in that class in the past five years.

Size = Number of patent grants in 2 particular dase.

Lemelson's patent holdings below show a more even
distribution over multiple classes, No class dominates over a
majority of the years for granted patents; instead they are
distributed more broadly over the imeliectual space,

fttj

T!'.m-léi;ﬁ%i;

o

The material is based upon work supported bythe National
Science Foundation under Grant No.115-0238261.

Ho

Fort Wayne

$53.059.833
IUPUI at Indianapolis
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o

Mapping Indiana’s Intellectual Space

Identify
> Pockets of innovation
> Pathways from ideas to products

> Interplay of industry and academia

Acadernic
Industry

Academic vs. Academic
Academic vs. Industry
Industry ws. Industry




Second sight
Wikipedian Activity e Ty —
Studying large scale social Power struggle .
networks such as Wikipedia eyl

This chaotic-leaking mosaic is one
attempt te show which tapics are

Vizzards 2007 Entry

Second Sight: An Emergent
Mosaic of Wikipedian Activity,
The NewScientist, May 19, 2007

ocked until he mood (als (ocked
pages at the time of writing indude
entries on Sheffield Wednesday football
club, Mikhail Gorbachev and pigs).

The mosaic has been commended in

a competition for images that visualise
e network dynamics, coinciding with this
week’s International Warkshop and
& (Conference on Network Science
; in Bleomington.

wwoew it om 19 My 2007 Rewciontist| 55

Science Related Wikipedian Activity

btip:/ [ scimaps.org/ dev/ map _detail phpZmap id=165

Same base map.

Opverlaid are 3,599 math (blue),
6,474 science (green), and 3,164
technology relevant articles
(yellow).

All other articles are given in grey.

Corners show articles size coded

according to

-article edit activity (top left),

- number of major edits (top right),

- number of bursts in edit activity
(bottom, right)

- indegree (bottom left).
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Abstracts related to
[ Neurenal
development and
cell migration ]

cell migration

Bruce W. Herr I, Gully Burns (USC), David Newman (UCI), Society fo uroscience, 2006
Visual Browser, 2007,

Interested to get your own science map?
Contact the map makers!

katy@indiana.edu




The End.




