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This Talk has Three Parts:
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. Mapping Science: How?

3. Mapping Science: Applications
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This Talk has Three Parts

1. Mapping Science: Why?

2.

Mapping the Evolution of Co-Authorship Networks

in Information Visualization, 1988 - 2004

Ke, Visvanath & Birner, (2004) Won 1st price at the IEEE Infol/is Contest.
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Mapping the Evolution of

Co-Authorship Networks
Weimao Ke, Lalitha Visvanath & Katy Borner
InfoVis Lab @ Indiana University
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Mapping the Evolution of Co-Authorship Networks
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Spatio-Temporal Information Production and Consumption of Major U.S.
Research Institutions

Barner & Penumarthy.
- B Stanford U
(200j) u Callf}F

Harvard U

Does Internet lead to
more global citation

patterns, 1.€., more ® 1505-1,771

. . . 01,772-2,097
citation links between 0 20082529
@ 2,530- 3,039
papets produced at o @ 3,040- 4,172
geographically distant
research instructions? — 552 1986
. 1987 - 1991
Analysis of top 500 , — 19%2-19%
. ; 10 1997 - 2001 -
most highly cited U.S.
institutions.

Yo = 1.94 (R2=91.5%)
L Yoy = 211 (R2=93.5%)
Yoo = 201 (R2=90.8%)
Yooy = 201 (R2=90.7%)

Each institution is
assumed to produce and
consume information.

log of number of institutions citing each other

log of geographic distance 6
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Mapping Indiana’s Intellectual Space

(Ke, Birner & Mei, 2005)

Identify

> Pockets of innovation

> Pathways from ideas to products

> Interplay of industry and academia

Aoademic
Industry

Academic vs. Academic

Azademic vs. Industry

Industry vs. Industry




PNAS
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Mapping Science: Opportunities

Advantages for Funding Agencies

> Supports monitoring of (long-term) money flow and research developments, evaluation of
funding strategies for different programs, decisions on project durations, funding patterns.

> Staff resources can be used for scientific program development, to identify areas for future
development, and the stimulation of new research areas.

Advantages for Researchers

» Easy access to research results, relevant funding programs and their success rates, potential
collaborators, competitors, related projects/publications (research push).

» More time for research and teaching.

Advantages for Industry
> Fast and easy access to major results, experts, etc.

» Can influence the direction of research by entering information on needed technologies
(industry-pull).

Advantages for Publishers
» Unique interface to their data.

NS

> Publicly funded development of databases and their interlinkage.

For Society

NS

> Dramatically improved access to scientific knowledge and expertise.




This Talk has Three Part

1.
2. Mapping Science: How?

| Interfaces
al Libraries

» Shiffrin, Richard M. and Borner, Katy (Eds.) (2004). Mapping Knowledge Domains. Proceeding

tional Academy of Sciences of the United States of America, 101 (Suppl_1).

» Barner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003). 1V isualizing Knowledge Domains. In Blaise Cronin
(Ed.), Annual Review of Information Science & Technology, V'olume 37, Medford, NJ: Information Today,
Inc./ American Society for Information Science and Technology, chapter 5, pp. 179-2

» Barner, Katy, Sanyal, Soma and V'espignani, Alessandro (in press). Network Science. In Blaise Cronin (Ed.),
Annual Review of Information Science & Technology, Information Today, Inc./ American Society for
Information Science and Technol edford, I

Process of Mapping Knowledge Domains

DATA |UN\T OF ‘NEASURES LAYOUT (often one code does both similarty and ordination steps) DISPLAY
EXTRACTION ANALYSIS
SIMILARITY [ORDINATION
SEARCHES CONMON COUNTS/FREQUENGIES  SCALAR (unit by unit rriatis) DIMENSIONALITY REDUCTION INTERACTION
151 GHOIGES Afributes e g.terme) Direct citation Eigenvector! Eigervalue solutions Browse
INSPEC Journal Author citations Go-citation Fador Analysis (FA) and Pan
Engy Inctex: Docurment Co-titations Gorrbined linkage Frincipal Cormponents Analysis (PCA) - Zoom
Iedline Authar By year Co-ward / coterm Multi-dirnensional scaling (MDS) Fiter
Researchindes: Tetrn Go-thassification L4, Topics Cuery
Paterts THRESHOLDS Pathfinder networks PFMet) Detail on dermand
i By counts WECTOR funit by attribute rmatrix) Self-organizing maps (SOM
Wector space riodel fuordstermns) indudes SOM ET-raps, eto ANALYEIS
ERCADENING Latent Sernantic Analysis (wordsiterms)
By ritation ind. Singular Value Decornp (SWD) CLUSTER AMNALYSIS
By terms
GORRELATION (if desired) SCALAR
Pearson's R on any of above Triangulation

Forca-directed placernent (FDP)

Birner, Chen & Boyack.. (2003) Visualizing Knowledge Domains. In Blaise Cronin (Ed.), Annnal Review
of Information Science & Technology, Volume 37, Medford, NJ: Information Today, Inc./ American Society
Jfor Information Science and Technology, chapter 5, pp. 179-255.




Comparison of Similarity Metrics

> IST file year 2000, SCI and
SSCI: 7,121 journals.

» Different similarity metrics

* Inter-citation (raw counts,
cosine, modified cosine,
Jaccard, RF, Pearson)

* Co-citation (raw counts,
cosine, modified cosine,
Pearson)

» Maps were compared based on

Ic Ic [
. Raw Cosine | Jaccard
* regional accuracy, ic i
. Pearson RFavg
e the scalability of the cc cc cc |
Raw Pearson K50

similarity algorithm, and

e the readability of the

layouts.
Boyack, Kevin W., Klavans, R. and
Barner, Katy. (2005). Mapping the
Backbone of Science. Scientometrics. 64(3),
351-374.

Selecting the similarity measure with the best regional accuracy

» For cach similarity
measure, the VxOrd

layout was subjected to k- 400
means clustering using
different numbers of 380
clusters.
> Resulting cluster/category o 360
. Q
memberships were 2 —®- - IC Raw
N 340 - -4& - |C Cosine
compared to actual —e— IC Jaccard
t b h —@— |C Pearson
category memberships 520 <= IG RFavg
using entropy/mutual -8 CC Raw
) Sor) —o— CC K50
information method by 200 o -0~ CC Pearson
1 o4 AnmA 800 =TT e S
Gibbons & Roth, 2002. B O
» Increasing Z-scote 280 \ \ T
indicates increasing 100 150 200 25
. Number of k-means clusters
distance from a random
solution.
» Most similarity measutes
are within several percent Boyack, Kevin W., Klavans, R. and Birner, Katy. (2005).
of each other. Mapping the Backbone of Science. Scientometrics. 64(3), 351-374.
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A ‘Backbone’ Map of Science & Social Science

The map is comprised of . 9 comsy 5

7,121 journals from year
2000.

Each dot is one journal

An IC-Jaccard similarity
measure was used.

Journals group by

discipline.
Groups are labeled by Raiol
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3. Mapping Science: Application

Cartography of the Physical and the Abstract.

Home  BrowseMaps  Compare & Contrast Maps  Connect

: Mapping Science
: is a science exhibit that
introduces people to maps
of sciences, their makers

spaces S ‘ Places & Spaces:
o
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My Science Story

There are seven main fields of
science. They are...

2

social science, mathematics, physics,
chemistry, earth science, medicine,
and psychology. I like to study earth
science.

Calor earth science green.

P —

verciz, plecze zana
Rk Raberg (rrssergEingans.

‘o8 Tnfarmarion Seicrae, Tndions Uners:ry.

Theze manesialz e il by i Rakeng n 2008

Activities:
Solve the puzzle.
Navigate to ‘Earth Science’.
Identify major inventions.
Place major inventors.

Find your dream job on the map.

Why is mathematics important?

Earth scientists study the weather,
plants and trees, marine life, insects,
and much mare.

) Marine Biology
Meteorology

Botary Earth Science
T like insects. They are inferest-
ing 1o look at and study.

Color in the insect.

There are many types of insects in
the world. Bees, butterflies, and
beetles are just a few.

T wantt to be an entomologist when T
grow up. Then I can study insects
all the time.

11



Next P&S exhibit in New York Hall of Science opens Dec. 9%, 2006.

It features a science map for kids that resembles a slide-n-seek puzzle

but uses a geospatial and science base map and

new puzzle pieces of inventions and invento

\‘

L
&,

L)

o

[ ——=
New puzzle pieces

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

» Uses combined SCI/SSCI -
from 2002 v

* 1.07M papers, 24.5M potey 4,

references, 7,300 journals

* Bibliographic coupling of Economics
papers, aggregated to

journals Ll
Psychology

> Initial ordination and clustering
of journals gave 671 clusters

Psychiatry

» Coupling counts wete
reaggregated at the journal
cluster level to calculate the )

° (x,y) positions for each o &”
journal cluster Treatments

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

Education ,.,.'7 4
Ay

Math
L i
2 LT Computer Tech
Statistics ‘. 3
g i
CompSci
.+ Phys-Chem
&
Vision Physics . A0 Chemistry
o
. Environment_ GeoScience
in ' e
< MR i )
K _ JER—— sy, Biology
Bio- BioChem .
. Materials
R
Logtt Microbiology
2 Plant
Cancer e
i
v N Animal
c s, /
Virology : 4,y Infectious Diseases

24
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Immunology

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

Funding patterns of the US Department of Energy (DOE)

+ +

Math
Law

Policy Statistics
Economics
CompSci
Phys-Chem
Education Vision
Psychology
Psychiatry GeoSclence
Biology
Microbiology
Plant
Cancer
Animal
Virology Infectious Diseases
s + 2
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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)

+ +
| Math
Law
Computer Tech
Policy % Statistics Q$$§
Economics B P i
SmpSci
7 AN T e
Education e Vision Physics T{?mistrv
0\\ _— fe by
Psychology T =
Psychiatry R
MRI T

o Bioz:hemm
Materials 8

o\

MicPobiology
Plant
Cancer

Animal

Virology Infectious Diseases

27

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

Funding Patterns of the National Institutes of Health (NIH)

+ Math +
Law
) Computer Tech
Policy Statistics
Economics G
Lo} CompSci
Phys-Chem
Education Vision . Physics Chemistry
L]
Psychology
Psychiatry

Environment GeoScience

Biology

Mi¥obiology
Plant

Animal

0 @« Infectious Diseases

28
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places-roughcui2, mev

Fie Edt Movie Fayartes Window Help

W. Bradford Paley
Scientific Mapmaker

aces & Spaces: Mapping Science® Illuminated Diagram Display

‘as on display at the NYPL Science, Industry, and Busin
Madison/34th, New Yotk City, April 3rd - August 31st,

Nanotechnology

This overlay shows the distribution
of nanotechnology within the para-
digms of science. The majority of
current work in nanotechnology
takes places in physics, chemistry,
and materials science, at the upper
right portion of the map. However,
an increasing amount of nanotech-
nology is being applied in the bio-
logical and medical sciences, at the
lower right.

Nanotechnology

Science on the tiny
scale of molecules
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The Power of Maps

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

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

The Power of Reference Systems

Four Existing Reference Systems
VERSUS
Six Potential Reference Systems of Science

i .
= |Er
Ema o

(27 Tteration of Places & Spaces Exchibit - 2006)
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The Power of Forecasts

Four Existing Forecasts
VERSUS
Six Potential Science ‘Weather’ Forecasts
- - -

(3 Iteration of Places & Spaces Exhibit - 2007)

20



K/T Boundary 66 Ma

Warnings &
Forecasts

Prepared

S

4
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SSINDIAN
OCEAN

N T

Graphical Mational
Forecasts Maps

information, select area of int

Radar

B"B?‘Jﬁf&gﬂfﬁ %gﬁlff)gglyf?'ﬁﬂ?%I#é)tg!)ll'gfozglggl Prediction Center

by Fries based on HPC, SPC,

Antarctica —_—

Rivers | Air Quality | Satellite

and click on the i
)

and TPC forecasts.

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

caty@indiana.edu

All Maps of Science Are for Sale

@O O @ Q ‘%httD:HVW‘H’vdiana.edufp\aces&spacesﬂordermapsﬂ

/ HE, | 48 Home [W]Metscape Cly Search

£ Netscape = [Enter Search Terms

| Mew Tab | %5 Places & Spaces = Order Maps

24X26" 24X30"

$50 $60 $95
$45 $55 5 $90
$40 $85

20x 26" on Photo Paper = EJ 20x 26" on Photo Paper -
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