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This Talk has Three Parts:

1. Mapping Science: Why? 
2. Mapping Science: How?

3. Mapping Science: Applications
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This Talk has Three Parts:

1.1. Mapping Science: Why?Mapping Science: Why?

2. Mapping Science: How?

3. Mapping Science: Applications
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Mapping the Evolution of Co-Authorship Networks

in Information Visualization, 1988 - 2004
Ke, Visvanath & Börner, (2004) Won 1st price at the IEEE InfoVis Contest.
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Does Internet lead to 

more global citation 

patterns, i.e., more 

citation links between 

papers produced at 

geographically distant 

research instructions? 

Analysis of top 500 

most highly cited U.S. 

institutions.

Each institution is 

assumed to produce and 

consume information.

γ82-86 = 1.94 (R
2=91.5%) 

γ87-91 = 2.11 (R
2=93.5%)

γ92-96 = 2.01 (R
2=90.8%)

γ97-01 = 2.01 (R
2=90.7%)

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

Research Institutions 
Börner & Penumarthy. 

(2005)
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Mapping Medline 

Papers, Genes, and 

Proteins Related to 

Melanoma 

Research

Boyack, Mane & Börner. 

(2004) IV Conference, pp. 

965-971.
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Mapping Indiana’s Intellectual Space

(Ke, Börner & Mei, 2005)

Identify

� Pockets of innovation

� Pathways from ideas to products

� Interplay of industry and academia
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Co-word space of 

the top 50 highly 

frequent and bursty

words used in the 

top 10% most 

highly cited PNAS 

publications in 

1982-2001.

Mane & Börner. (2004) 

PNAS, 101(Suppl. 1):

5287-5290.

Mapping Topic Bursts
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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.

� Publicly funded development of databases and their interlinkage.

For Society

� Dramatically improved access to scientific knowledge and expertise.

Mapping Science: Opportunities
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This Talk has Three Parts:

1. Mapping Science: Why?

2.2. Mapping Science: How?Mapping Science: How?

3. Mapping Science: Applications

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

� Börner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003). Visualizing Knowledge Domains. In Blaise
Cronin (Ed.), Annual Review of Information Science & Technology, Volume 37, Medford, NJ: Information 

Today, Inc./American Society for Information Science and Technology, chapter 5, pp. 179-255.

� Börner, Katy, Sanyal, Soma and Vespignani, Alessandro (in press). Network Science. In Blaise Cronin 
(Ed.), Annual Review of Information Science & Technology, Information Today, Inc./American Society for 

Information Science and Technology, Medford, NJ. 11
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Work Closely & Listen Carefully to Your ‘Clients’

What information needs do

� Funding Agencies

� Researchers

� Industry

� Publishers

� Society

truly have? What would they pay for/use on an every day basis?

In what priority, sequence should information be presented?

What metaphors, format will work best?

When do global views help or hurt? 
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Take High Quality, High Coverage Data 
Interlinked it Using Semantic Association Networks

Katy Börner. (2006) Semantic Association Networks: Using Semantic Web Technology to Improve Scholarly Knowledge 

and Expertise Management. In Vladimir Geroimenko & Chaomei Chen (eds.) Visualizing the Semantic Web, Springer 

Verlag, 2nd Edition, chapter 11, pp. 183-198.
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Apply the Best Algorithms in Appropriate Sequence

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

, Topics, Topics, Topics, Topics

SEI: Network Workbench: A Large-Scale Network Analysis, Modeling and 
Visualization Toolkit for Biomedical, Social Science and Physics Research. NSF 
IIS-0513650 award (Katy Börner, Albert-Laszlo Barabasi, Santiago Schnell, 
Alessandro Vespignani & Stanley Wasserman, Eric Wernert (Senior Personnel), 
$1,120,926) Sept. 05 - Aug. 08. http://nwb.slis.indiana.edu

CAREER: Visualizing Knowledge Domains. NSF IIS-0238261 award 

(Katy Börner, $451,000) Sept. 03-Aug. 08. 

http://iv.slis.indiana.edu/
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Build and Utilize 

Cyberinfrastructures

Mankind’s Scholarly 

Knowledge Cannot be 

Processed on One 

Laptop
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Validate Results

Example: Comparison of Similarity Metrics

� ISI 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 

• regional accuracy, 

• the scalability of the 

similarity algorithm, and 

• the readability of the 

layouts.

Boyack, Kevin W., Klavans, R. and 

Börner, Katy. (2005). Mapping the 

Backbone of Science. Scientometrics. 64(3), 

351-374.
17

� For each similarity 

measure, the VxOrd

layout was subjected to k-

means clustering using 

different numbers of 

clusters.

� Resulting cluster/category 

memberships were 

compared to actual 

category memberships 

using entropy/mutual 

information method by 

Gibbons & Roth, 2002.

� Increasing Z-score 

indicates increasing 

distance from a random 

solution.

�Most similarity measures 

are within several percent 

of each other.

Number of k-means clusters

100 150 200 250

Z
-s

c
o
re

280

300

320

340

360

380

400

IC Raw

IC Cosine

IC Jaccard

IC Pearson

IC RFavg

CC Raw

CC K50

CC Pearson

Example: Comparison of Similarity Metrics
Selecting the similarity measure with the best regional accuracy.

Boyack, Kevin W., Klavans, R. and Börner, Katy. (2005). 

Mapping the Backbone of Science. Scientometrics. 64(3), 351-374.
18
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A ‘Backbone’ Map of Science & Social Science

� The map is comprised of 

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 

hand.

� Large font size labels 

identify major areas of 

science. 

� Small labels denote the 

disciplinary topics of 

nearby large clusters of 

journals.

Comp Sci

PolySci
Law

LIS

Geogr

Hist

Econ

Sociol

Nursing

Educ

Comm

Psychol

Geront

Neurol

Radiol
Sport
   Sci

Oper Res

Math

Robot

AI
Stat

Psychol

Anthrop

Elect Eng

Physics

Mech Eng

ConstrMatSci

FuelsElect
ChemP Chem

Chemistry

Analyt
Chem

Astro

Env

Pharma

Neuro
  Sci

Chem Eng

Polymer

GeoSci

GeoSci

Paleo

Meteorol

Env
Marine

Social Sci

Soil

Plant

Ecol

Agric

Earth Sciences

Psychol

OtoRh

Health
Care

Biomed
Rehab

Gen Med

Genet
Cardio

Ped

Food Sci

Zool

EntoVet Med

Parasit

Ophth

Dairy

Endocr

Ob/Gyn

Virol

Hemat

Oncol

Immun

BioChem

Nutr

Endocr

Urol

Dentist

Derm

Pathol

Gastro

Surg

Medicine

Appl
Math

Aerosp

CondMatNuc

Emerg
Med

Gen/Org

19

This Talk has Three Parts:

1. Mapping Science: Why? 
2. Mapping Science: How?

3.3. Mapping Science: ApplicationsMapping Science: Applications

20
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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?
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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 were 
reaggregated at the journal 
cluster level to calculate the 

• (x,y) positions for each 
journal cluster

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

Policy

Economics

Statistics

Math

CompSci

Physics

Biology

GeoScience

Microbiology

BioChem

Brain

Psychiatry
Environment

Vision

Virology Infectious Diseases

Cancer

Disease &

Treatments

MRI

Bio-

Materials

Law

Plant

Animal

Phys-Chem

Chemistry

Psychology

Education

Computer Tech

25

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

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

on display at the NYPL Science, Industry, and Business Library on display at the NYPL Science, Industry, and Business Library 

Madison/34th, New York CityMadison/34th, New York City

April 3rd April 3rd -- August 31st, 2006.August 31st, 2006.
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The Power of MapsThe Power of Maps

Four Early Maps of Our World Four Early Maps of Our World 

VERSUS VERSUS 

Six Early Maps of ScienceSix Early Maps of Science

(1st Iteration of Places & Spaces Exhibit (1st Iteration of Places & Spaces Exhibit -- 2005)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 SystemsThe Power of Reference Systems

Four Existing Reference Systems Four Existing Reference Systems 

VERSUS VERSUS 

Six Potential Reference Systems of ScienceSix Potential Reference Systems of Science

(2(2ndnd Iteration of Places & Spaces Exhibit Iteration of Places & Spaces Exhibit -- 2006)2006)
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How would a reference system for all of science look?How would a reference system for all of science look?

What dimensions would it have?What dimensions would it have?
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All Maps of Science Are for Sale
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The Power of ForecastsThe Power of Forecasts

Four Existing Forecasts Four Existing Forecasts 

VERSUS VERSUS 

Six Potential Science Six Potential Science ‘‘WeatherWeather’’ ForecastsForecasts

(3(3rdrd Iteration of Places & Spaces Exhibit Iteration of Places & Spaces Exhibit -- 2007)2007)

? ?

? ?

? ?

? ?

?

?

http://www.scotese.com/
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http://www.weather.gov

Named Storms, available online at http://svs.gsfc.nasa.gov/vis/a000000/a003200/a003279
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� Dynamic science and technology indicators (emerging research frontiers, evolving 
networks, trends, feedback loops).

� Evolution of scientific communities/fields. Capacity limit to knowledge/ skills 
knowable by individual researchers. 

� Interplay of competition and collaboration.

� Evolution of fields – birth, growth, mature, decline. 

� Interactions among fields. Optimal interdisciplinary collaborations?

� Comparison of different funding models, e.g., few large vs. many small grants, 
teach the field how to fish or give them fish? 

� Impact of publishing/collaboration/funding mechanisms on the dynamics of 
fields.

� Diffusion of people, ideas, skills, etc.

� How to best communicate modeling results/insights?

Ultimate goal:

Learn how to best increase, diffuse, and utilize our collective scholarly knowledge.

Modeling Science: Opportunities

Modeling Science WorkshopModeling Science Workshop

Indiana University, Bloomington, INIndiana University, Bloomington, IN

May 21May 21stst, 2006, 2006
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Interested to get your own science map? Interested to get your own science map? 

Contact the map makers!Contact the map makers!

katy@indiana.edukaty@indiana.edu


