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The Problem:
Being Lost in Space

15 Century: One person can make majot contributions to many areas of science

Mankind’s Knowledge
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Leonardo Da Vinci
(1452-1519)




20" Century: One person can make major contributions to a few areas of science
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Albert Einstein
(1879-1955 )

21t Century: One petson can make major contributions to a specific area of science
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21 Century: One person can make majot contributions to a specific area of science
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The Great Wave Off Kanag

A Solution:

Science Maps
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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 &
Deborah MacPhetrson

The Power of Maps

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

(1st Iteration 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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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)
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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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Impact US Pate Prior Art
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I Solid Polymer Derived From Aldehyde or Derivative
From Ethylenically Unsaturated Reactant Only
From Aldehyde or Derivative
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Process of Treating Scrap or Waste Product Containing At Least
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Treating Polymer Derived From Hydrocarbon Monomers Only

Treating Polysiloxane
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Treating With Alcohol
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Treating With Alcohol or Amine

Treating Polycarbonamide

Cellular Products or Processes of Preparing
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The Power of Forecasts

Four Existing Forecasts
VERSUS
Six Potential Science ‘Weather’ Forecasts

(3 Tteration of Places & Spaces Exhibit - 2007)
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Named Stor

Warnings & Graphical Mational Fadar
Forecasts Forecasts Maps

To view local information, select area of interest and click on the image below.
- - - x

Rivers | Air Quality | Satellite | Climate

B"B?Jﬁf&ﬁﬂ?ﬁiﬁ§5r5f’5|:1|5'f?-f;9da|%:ﬁ‘é’ .g!n]'glggi%gl Prediction Center
are

Prepared by Fries based on HPC, SPC, and TPC forecasts.

Aug 30 2005,

ilable online at
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Conceptualizing Science
Hypothetical Model of the Evolution and Structure of Science, by Daniel Zeller

On display in 3rd iteration of exhibit.

Authors are mortal. Papers are 1mmortai : -
Densely knit communities. The 1mp0rtan_§e;@f weak hnks i A e
Cumulative structure of science. Good and bad years. Monsters = ‘the unknown’ or voids.

Impact of funding on science (yellow).

Science Maps for
Economic Decision Making

Four Existing Maps
VERSUS
Six Science Maps

(4" 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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Solve the puzzle.

Navigate to ‘Earth Science’.
Identify major inventions.

Place major inventors.

Find your dream job on the map.
Why is mathematics important?

There are seven main fields of
nce. They are.

chemi
and psychalogy
science.

Color earth science green.

Science

PRIZES
Pttty

Winners @ AMSE

JoHann: age 12, a picture of

omeone €

and a theme that science is all around us.

Sascha Riche

why her mother is her favorite scientist.

drew a picture of her mother and explained

ing nature

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

N
e

reects. They ore interest
ook at and study.

Color in the insect.

There are mary Ty insects in
the world. Bees, butterflies, and
beetles are just a few.

Lwont to be on entemelogist w

Then T

can sTudy inse

-

My Favorite Scientist
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... my SPONSORS next ...

Latest ‘Base Map’ of Science

Kevin W. Boyack & Richard Klavans, unpublished work.

» Uses combined SCI/SSCI
from 2002

* 1.07M papers, 24.5M
references, 7,300 journals
* Bibliographic coupling of
papers, aggregated to
journals
» Initial ordination and
clustering of journals gave 671
clusters
» Coupling counts wete
reaggregated at the journal
cluster level to calculate the
* (xy) positions for each
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, nnpublished work.

Funding patterns of the US Department of Energy (DOE)

+ +

Math

Computer Tech

Policy Statistics

Economics
Compsci

Education Vision
Psychology
GeoScience

Psychiatry

Biology

Microbio

Plant

Animal

virology Infectious Diseases

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

Funding Patterns of the National Science Foundation (NSF)

+ +

Policy % Statistics

Economics

Education

Psychology

Bio BioChem
Materials

Micfobiology
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 Institutes of Health (NIH)

+
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Mapping the Evolution of Co-Authorship Networks
Ke, Visvanatlh & Borner, (2004) Won 15t price at the IEEE Infol is Contest.
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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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and INDUSTRY too.

Examining the Evolution and Distribution of Patent Classifications
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Fort Wayra

Mapping Indiana’s Intellectual Space

Identify

Richmods > Pockets of innovation

T > Pathways from ideas to products
‘kvd- 1 ; 953000833

> Interplay of industry and academia

Ruwrgior
\ o ot
Y
L4
4 ’
/
[ ] Aoademic
Qs
Hew Karh @] Industry
,
i —_—— Arsdemic ws. Academic
| Guansie i B W | — = ——  Apademic vs. Industry
{ ol e Pl Sy . Industry vs. Industry

pa—

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

caty@indiana.edu




UMerry | @ hristmas
dnd Happy New Year!

T sve s 2008

Heng (Michael) Zhang
Bruce W. Herr 11

] Kristin E. Reed
x Yang (Kenneth) Lee - . ] Bryan ). Hook
\ Nianli Ma

Carol Walter
I tenpeng Hu

Richard Pinapan
Todd Holloway

iPeter A. Hook
Hlisha F. Hardy Fileve Paliner

Cake created by Kristin Reed and Lydia Nichols. They

http://ella.slis.indiana.edu/~katy http://scimaps
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WORLDWIDESCIENCE.ORG

The Global Science Gateway

Home | About | News | Advanced Search | Contact Us | Site Map | Help

African Journals Online {South Africa)

Article@INIST (France
Australian Antarctic Dats Centre

Canada Institute for Scientific and
Technical Informstion

CSIR Research Space (South Africa)
Defence Research and Development

Canada {Canada)
DEFF Glohal E Prints (Denmark
DEFF Research Database (Denmark:

Electronic Table of Contents (ETOC)
United Kingdom!

1-EAST (lapan

J-STAGE (lapan

J-STORE (lapan

Journal@rchive {Japan

MARCIS (Metherlands

Science.gov (United States

Seientific Electranic Library Online
{Argentina, Brazil, Chile, Colombia,
Portugal, Spain)

Transsctions and Proceedings of the Royal
Society of Mew Zealand 1668-1961 (Hew
Zealand

UK PubMed Central (United Kingdom!
Mascoda (Germany

WorldWideScience.org is a global science gateway—accelerating scientific discovery and progress through a
multilateral partnership to enable federated searching of national and international scientific databases, Subsequent
versions of WorldWideScience.org will offer access to additional sources as well as enhanced features.

Please contact webmaster@worldwidescience.org if you represent a national or international science database and would

like your source searched by WorldWwideScience.org.

Papers & Wikiped ntries
1,000,000 18
100,000 | Medlir
10,000 e
g f
1,000 | -
Citese
100 | | I A
ey b 'Ill | || A |lf"” Royal Sociee r 1
WL | I A A ) A F
\.»_\,|I|)WIP LLFALVSRY ol Lo |
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1
1650 1700 ) 1750 1800 1850 1900 ) 1950
Year
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How to Make a Science Map

DATA ‘UN\T oF ‘I\I'EASURES LAYOUT {often one code does bath similarty and ardination steps) DISPLAY
EXTRACTION ANALYEIS
SIMILARITY [ORDINATION
SEARCHES COMMON COUNTS/FREQUENCIES  SCALAR (unit by unit rratrix) DIMENSIONALITY REDUCTION INTERACTION
15l CHOIGES Miributes @ g. terme) Direct citation Eigenvector! Eigenvalue solutions Browse
INSPEC Journal Puthor citations Co-ritation Fadtar Analysis (FA) and Pan
By Index Docurrent Co-citations Corrbined linkarge Principal Cormponents Analysis (FCA)  Zoom
Ivbdline Author By year Co-word / coderm Multi-dirmensional scaling (MDS) Fitter
Researchindex Terrm Co-dassification LEA Query
Paterts THRESHOLDS Pathfinder netwarks PFMet) Detail on dermand
o By courts WECTOR {unit by attrbute matrix) Self-organizing maps (SOM
Yector space riodel fvordsterms) indudes SOM ET-raps, etc ANALYEIS
BROADENING Latent Sernantic Analysis (wordstterms)
By ditation ind. Snoular Yalue Decorrp (SWD) CLUSTER ANALYSIS
By terms

CORRELATION (if desired) SCALAR
Pearson's R on any of above Triangulation
Farca directed placernent (FDP)

Shiffrin, Richard M. and Birner, Katy (Eds.) (2004). Mapping Knowledge Domains. Proceedings
of the National Academy of Sciences of the United States of America, 101 (Suppl_1).

Birner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003). 1 isualizing Knowledge Domains. In
Blaise Cronin (Ed.), Annual Review of Information Science & Technology, 1 olume 37,
Medford, NJ: Information Today, Inc.| American Society for Information Science and

Technology, chapter 5, pp. 179-255.

PINAS

Mapping Knowledge Domains
P

Comparison of Similarity Metrics

» 18I file year 2000, SCI and
SSCI: 7,121 journals.

» Different similatity metrics
 Inter-citation (raw counts,
cosine, modified cosine,
Jaccard, RF, Pearson)
* Co-citation (raw counts,
cosine, modified cosine,

Pearson)
» Maps wete compared based on
e regional accuracy,
* the scalability of the
similarity algorithm, and
e the readability of the

c c
Cosine | Jaccard
Ic
RFavg
cc cC
Pearson K50

layouts.
Boyack, Kevin W., Klavans, R. and
Bérner, Katy. (2005). M g the

Backbone of Science. Scientometrics. 64(3),

351-374.
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Selecting the similarity measure with the best regional accuracy

» For each similarity
measure, the VxOrd
layout was subjected to k-
means clustering using
different numbers of

400

380
clusters.
> Resulting clustet/category o 360
. Q —
memberships were 2 —®-- IC Raw
,\" 340 - -& - |IC Cosine
compared to actual —— IC Jaccard
t b h —@— IC Pearson
category memberships 520 --#-- IC RFavg
H —-0-- CC Raw
using enFropy/ mutual ge pan
information method by -0~ CC Pearson
. 300 (=== e e S e
Gibbons & Roth, 2002. B Do
» Increasing Z-score 280 \ \ T
indicates increasing 100 150 200 2
. Number of k-means clusters
distance from a random
solution.
» Most similarity measures
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.
81
A ‘Backbone’ Map of Science & Social Science
@
N . . Ee o,
» 'The map is comprised of . §”§: compse %
7,121 journals from year %Q <
2000. . R
Ny . . % @Oper Res
» Each dot is one journal m% @ ¥
Math
» An IC-Jaccard similarity b
s B o
measure was used. é’ & §§ @»E f% Y e Be%g
T
» Journals group by %vcw “ﬁ Faerosp .
L 5 g M 5
discipline. S Anivop , % vay %$
oty
N~ Elect QFueIs 3 s
» Groups are labeled by " S o
hand. o RPRRCI
X ] B Geosci “_ chem Egg N
> Large font size labels ’ i - .
. . . Polymer © s °
identify major areas of . éteorol v
science. et Mag @}g’sm
S ¥ o & W
» Small labels denote the « -y ol Y L7 Earth sg.en‘%es “paleo
C . © lar
disciplinary topics of = %’DP/G{;‘&% . L ™ .
Dey locr . s
nearby large clusters of Dentst ;@w f&%ﬂ A e :
journals. .. " parast °
S .
Ophth A
Vet Med
82
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Structural Map: Studying Disciplinary Diffusion

» The 212 nodes tepresent clusters
of journals for different
disciplines.

» Nodes are labeled with their
dominant ISI category name.

» Circle sizes (area) denote the
number of journals in each
cluster.

» Citcle color depicts the
independence of each cluster, =
with darker colors depicting
greater independence.

> Lines denote strongest
relationships between disciplines
(citing cluster gives more than i
7.5% of its total citations to the h— s
cited cluster). My, v
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Zoom Into Structural Map

» Clusters of journals denote
disciplines.

» Lines denote strongest
relationships between
journals
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