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Places & Spaces: Mapping
Science

a science exhibit that introduces
people to maps of sciences,
their makers and users.

Exhibit Curators: Dr. Katy
Borner & Elisha Hardy

The Power of Maps

Four Early Maps of Our World
VERSUS

Six Early Maps of Science

(1st Iteration of Places & Spaces Exhibit - 2005)




A New Map ¢fthe WHOLE WO RLD with the Trade winds
Aceording to §f Latest and mort Exace Oba- /5 -

' this Autpe & snserted A View Femeral g Trade -
e ey
.n_ﬂkﬁdn‘n_’-nqp‘&:. m i




How would a map of science look?

What metaphors would work best?
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The Power of Reference Systems

Four Existing Reference Systems
VERSUS
Six Potential Reference Systems of Science
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(2" Tteration of Places & Spaces Exhibit - 2006)




How would a reference system for all of

science look?

What dimensions would it have?
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Impact US Patent Hierarchy Prior Art
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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
I 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
I T el At Least One Polymer Is Derived From A -n=c=x Reactant Whe
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rough jgms. Themes are areds of current
tool sets that

arw uied by today’s ressarchers, Tl map shows 776 major paradigms In science
lorg with the deminant retatiornhipn batwren thine paradigms. Paradigens are

thowm m circles; the
e connecting the circles. The map was crested by recursively clustering
8 the 20,000 papers referenced most often in 2003, Clustering at esch level

was don Lving VaDrd, & force-ginectod graph Layost routine, These
papers formed 53,000 chuters, 6,100 higher-level clutirs, and Mnally
the T7 paradigen. Mlhough each paradgem contakt, on average,
1,000 pagers. some are Larger and some are smaller, a3 shawn by

difierent stzed circles o the map.

- ™
5 very robust, We find semilar structures for different yoars,
and for maps generated from scien Tre
Structune of Schence”™; a galary map shown in the first
mration of Places & Spaces, b a mag based on clustering

of schenific Jeurnals. with superimpenition of papes.

on the journal structune, whereas this mag was gene.

- rated duectly from highly-clied pagers. “The Sirixtine
of Science™ shows curment science in a disciptinary

‘contest, whibe this map can show the breacth of

discrplines That centritr 15 single pacad

Becaine of the robust rature of the st of
science and its paradigmi, we have placed our
Chemi

and avaitable for lockug, for imtance Fluid
Mechanics parsdigms are in grid 83,

We have alw calcutated and diplayed the vitality

of each paradim, Vieality i & measure of the

speed at which a grou of researchers reaches

T comeman about major improvements. Paradig are
constantly Being improved, bt it usually takes yean

o resch comensus aboot which improvements ane

s ey ST major. The whits Circles neprewnt communities whene
" commeriua b reached relstively slowly, This i & common

Vaty Seale pheromenon in the soclal sciences, ecoiogical sciences,
Averagt of iy computer sciences, and mathematics disciplines. The

L 30 i cirches represant communities of researchers whare
& very high consers Is reached relatively rapidy, This i more

commen in physics, chemistry, biochembry, and many medical
disciptioes. Very dark circles (usch as those i Astrophysics, L5.6)
PR oIS wherp EOnLeTILL 4 FEsched Extremely gackly.

E The map of L b
wsed for multiple purpases. Countries, indusiries, companies, universities,
set individual researchers can 41l locate themsebves within the map, cisher
5 ninghe polnts, or a8 & specific collection of paradigms. Various metrics, such s
vitalify, can be overlayed on this reference fystem to Mghlight specific impacts,
ducat an o T and
facts to the map that highlight sckentific Béstory, current advances and relationships
ween scientific paradigms.

Nanotechnology

Nanotechnology
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The Power of Forecasts

Four Existing Forecasts
VERSUS
Six Potential Science ‘Weather’ Forecasts

(3 Tteration of Places & Spaces Exhibit - 2007)

Science Maps for

Economic Decision Making

Four Existing Maps
VERSUS
Six Science Maps

) a

(47 Iteration of Places & Spaces Exchibit - 2008)
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A Potential Future:

Science Maps in Action

KIDS first ...

-
-
y

g -5 |
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All maps of science are on sale via
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Latest ‘Base Map’ of Science
Kevin W. Boyack & Richard Klavans, unpublished work.

» Uses combined SCI/SSCI ]

Math
from 2002 raw
[
!
* 1.07M papers, 24.5M policy i statistics P Computer Tech
references, 7,300 journals . W,
O . . Economics The :
* Bibliographic coupling of compsel 4= Phys-Chem
‘ -t
papers, aggregated to cucaton 1T Vson o pngaies " Chemistry
journals . v i
~ .. . . Psychology ' o %
P~ rain
» Initial ordination and N ¥ \ — S
. . 'sychiatr » R
clustering of journals gave 671 ™" #* sy e
MRI
clusters , — Biology
Y Bio- BioChem e )
» Coupling counts wete A D 3 A,
reaggregated at the journal y - b - icrobiology
L% 5 Plant
cluster level to calculate the P cencer
.. Disease & N = ", o Animal
* (x,y) positions for each Treaments TP,
journal cluster ¥ Virolagy | "#" 13 Infectious Diseases

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

Science map applications: Identifying core competency
Kevin W. Boyack & Richard Klavans, unpublished work.

Funding patterns of the US Department of Energy (DOE)

+ +

Math

Computer Tech

Policy Statistics

Economics
Compsci

Education Vision

Psychology

GeoScience

Biology

Microbiology

Plant
Cancer

Animal

Virology Infectious Diseases
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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)

+ +

X Computer Tech
Policy % Statistics
3

F(:mmmm/}
Vision

Psychology

Education

GeoScience
Psychiatry

Biology
Bio- BioChem

Materials

) ) Plant

Animal

virology Infectious Diseases

Science map applications: Identifying core competency
Kevin W. Boyack & Richard Klavans, unpublished work.

Funding Patterns of the National Institutes of Health (NIH)

I Math I

Computer Tech
Policy Statistics

<

Economics
o] CompsSci

Phys-Chem

Education % Vision . Physics /@Che\m:uy

Environment

GeoScience

Biology

Animal

Virology 0 & Infectious Diseases
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... then SCIENTISTS ...

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.

bttp:/ [ wi.slis.indiana.edu

23



Data Entities and Interlinkages

i
C 3
Jii

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

Not covered:
- Queries

- Workflows

- Protocols

- Comments
- Bookmarks

- Ratings

W o=

Simplified representation of the IVL database schema

Research

N frubtcatonst™
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Time series analysis & visualization ‘
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Co-authorship network for all publications of InfoVis lab
group members in 2005 to 2006
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Mapping the Evolution of Co-Authorship Networks
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" Reduced number
of neural stem cells
in the embryonic
forebrain of
Emx1-/- mice”

Bruce W.

Abstracts related to
[ Meuronal
development and
cell migration ]

Bruce W. Herr 11, Gully B ISC), Davic ), S y e, 2006
IV isual Browser, 2007,
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Spatio-Temporal Information Production and Consumption of Major U.S.

Research Institutions
Barner, 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: Y, ]l
1. Does space still matter "o
in the Internet age?
2. Does one still have to
study and work at major research
institutions in order to have access to

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

-
01.772-2087
O 20082420
@ 25303009
® 30404172

1982 - 1986
. . 8 1907 - 1891
3. Does the Internet lead to more global citation £ =]
patterns, i.e., more citation links between papers E o
produced at geographically distant research 5 ;
instructions? § | b
. . 87 N
Contributions: 5 I
> Answer to Qs 1+ 2is YES. g
» Answer to Qs 3 is NO. 3l _._
> Novel approach to analyzing the dual role of ' I "L
institutions as information producers and "|“ 1|i[ Wi n
consumers and to study and visualize the diffusion e L o
of information among them. Iog of gecgraphic distance
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Second sight
Wikipedian Activity
Studying large scale social
networks such as Wikipedia

Power struggle
How do you keep track of the bubbling

‘mass of information that is Wikipedia?
This chaotic-laoking mosaic is one
attempt 1o show which topics afe

Vizzards 2007 Entry

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

pages atihe e of wiiting incude
entries on Sheffield Wednesday football
club, Mikhail Gorbachev and pigs}.
The mosaic has been commended in

a competition for images that visualise
network dynamics, coinciding with this
week’s International Workshop and

& Conference on Network Science

%' in Bloominglon.

image: Brure W, Herr and Todd M, Holloway

10 Hay 2007 | Rewieit |55

Sc1ence Related Wlklpedlan Activity

Same base map.

Science Related Wikipe

Overlaid 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).

an Activity
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113 Years of Physical Review

bttv:/ | scimaps.ors/ dev/ map _detail.phpZmap id=171

Bruce W. Herr 11 and Russell Dubon (Data Mining & VVisunalization), Elisha F. Hardy (Graphic Design), Shashikant

Penumarthy (Data Preparation) and Katy Birner (Concept)

13 of Physical Review

... and INDUSTRY too.
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Examining the Evolution and Distribution of Patent Classifications

-, Patents Granted Over the Last 20 Years

i - £
e : -
g — = .
s paeer FETEInglE.
1 '.. 17 it radle 0.0 I e 0
Fast Growth Domains Slow Growth Domains

Apple Computer " n
1983 19617 / 1996 - 2002
1983 1267/ 1756 2002 119 | . . 7,.,.,5?.”&“ -

Elegucnac o i e Al Commputars povtion [—

il b ey it e 980 UL L7 = IR ) P AP A I AT 5
Vit D I b of patent grane i pat e lats

Limemars paters Py ek v 3 mary e = P s gttt s ot e e

oy o the pean o aniedt surer imzeac ry RET

i

e Loom By e (o et b

Jerome Lemelson ey

LK, Sy 30040 L e IS 002A261, ‘
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Mapping Indiana’s Intellectual Space

Identify

» Pockets of innovation

> Pathways from ideas to products

"M | 963,080,833

J e b > Interplay of industry and academia
s o .-
q bl
1 ot §
< J
) "l
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(Katy Bi

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

katy@indiana.edu

Scholarly Database

Visualizing Knowledge Domaiy I A 61 award
$451,000) Sept. 03

y ndro 1V espignani ¢ e
$1,120,926) Sept. 05 - Aug. 08
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ANT AWARDS

o e
infrastructure for Metwork Science Ca
Schaol of library and Informotion Science:
Indiana Unive
Bloomington, IN 47405, USA

DESIGN BY ELISHA HARDY

Scholarly Database: Web Interface

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

ool s el 2 % Imm'n-.' b ey e b s
r |m-~u-nn--m'-u’-e'=-a— T
PAs T e
o scrarimom Vot e S e peasry (3 oy ot
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] O EREY D ey i1 phremrnn,
ety | L Mo 4P TION 0upt 4 12 188 gt T tang e o e e b 3 s Uhaasins,
e e R ST
Publication Rangs 1 SAMMER LALina (3601 ROV TIERAIAES PR AT AMMMORYEN TOREITY. n
From [ 1995 =] 1= [700 =] (dntiuit ear rangs is 19452008} cenwiiTAs iz N
oot |+ Ranet e Saareh | | |
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SDB| scHoLaRry DAmease

Datasets available via the Scholarly Database (* future feature)

Scholarly 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.
NIH Grants
mr@MeNuva
Scotia
ont
ampshire
; i il roli
= g Mgkico, Wi 2 -
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US Patents

WVermont,
£ JNow Hampsnire |
Rhode Island|
Connecticut

O New Jersey
and

District of
Columbia

.‘géc 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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“_._ C lf_\p f']{_"l I CIShell - Serving Non-CS Algorithm Developers & Users

Developers

CIShell Wizards

P ]

T OSGi

Alliance

\%‘i’:C S]] crshell - 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 otiented, computing environment for networked services.

> Successfully used in the industry from high-end servers 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 peer-to-peer
sharing of data, algotithms, and computing power.

Ideally, CIShell becomes a standard for creating OSGi Services for algorithms.
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'.3 (C|She|| crIshell - Layer Cake

1
Applications or
Services

Refarence
Applicatlon
Solutions .
=
Reference
Service
Implementations
=
Interfaces

‘ .3(: IShell  cishen- Deployment

Data-Algorithm Repositories

Peer-to-Peer

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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ilimlﬂihl i I | I NWB Tool: Interface Elements
bitp:

nwb.slis.indiana.edu

Load Data Select Preferences List of Data Models

™~

Console

Visualize Data

Schedulet — Ao, e —

ol .
S5 Open Text Files

NWB

AR akbeidle Community Wiki

Network Workbench Marketplace: &fsaamgims — 55 | c————
s = v o o e iR = | |

bttps:/ [ nwb.slis.indiana.edu/ community
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