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The Problem:The Problem:

Being Lost in SpaceBeing Lost in Space

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

Mankind’s Knowledge

Human Brainuse

contribute

Amount of knowledge 
on brain can mange

Leonardo Da Vinci 
(1452-1519)
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20th Century: One person can make major contributions to a few areas of science

Albert Einstein
(1879-1955 )

Mankind’s Knowledge

Human Brainuse

contribute

Amount of knowledge 
on brain can mange

21th Century: One person can make major contributions to a specific area of science

Mankind’s Knowledge

Human Brainuse

contribute

Amount of knowledge 
on brain can mange
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21th Century: One person can make major contributions to a specific area of science

Mankind’s Knowledge

Human Brainsuse

contribute

Amount of knowledge 
on brain can mange

Humanity’s Knowledge

Domain ExpertManager
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The Great Wave Off Kanagawa (Katsushika Hokusai, 1760-1849)

A Solution:A Solution:

Science Maps 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 Börner & 
Deborah MacPherson
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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 How would a reference system for all of 
science look?science look?

What dimensions would it have?What dimensions would it have?
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Illuminated Diagram Display Illuminated Diagram Display 
http://www.youtube.com/watch?v=bXABcOABG4Ehttp://www.youtube.com/watch?v=bXABcOABG4E
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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



22

Authors are mortal. Papers are immortal.
Densely knit communities. The importance of weak links.
Cumulative structure of science. Good and bad years. Monsters = ‘the unknown’ or voids. 
Impact of funding on science (yellow).

Conceptualizing Science
Hypothetical Model of the Evolution and Structure of Science, by Daniel Zeller
On display in 3rd iteration of exhibit.

Science Maps for Science Maps for 
Economic Decision Making Economic Decision Making 

Four Existing Maps Four Existing Maps 
VERSUS VERSUS 

Six Science MapsSix Science Maps

(4(4thth Iteration of Places & Spaces Exhibit Iteration of Places & Spaces Exhibit -- 2008)2008)

? ?

? ?

? ?

? ?

?

?
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A Potential Future:A Potential Future:

Science Maps in Action Science Maps in Action 

KIDS first KIDS first ……

All maps of science are on sale via All maps of science are on sale via 
http://scimaps.org/ordermaps/http://scimaps.org/ordermaps/
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Science Puzzle Map for Kids by Fileve Palmer, Julie Smith, Elisha Hardy and Katy Börner, Indiana University, 2006. 
(Base map taken from Illuminated Diagram display by Kevin Boyack, Richard Klavans, and W. Bradford Paley.) 
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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?

Winners @ AMSE
JoHanna Sanders, age 12, a picture of someone enjoying nature 
and a theme that science is all around us.
Sascha Richey, age 8, drew a picture of her mother and explained 
why her mother is her favorite scientist.
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…… my SPONSORS next 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 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
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Science map applications: Identifying core competency
Kevin W. Boyack & Richard Klavans, unpublished work.
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…… then SCIENTISTS then SCIENTISTS ……
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Mapping the Evolution of Co-Authorship Networks 
Ke, Visvanath & Börner, (2004) Won 1st price at the IEEE InfoVis Contest.

63

64
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Bruce W. Herr II, Gully Burns (USC), David Newman (UCI), Society for Neuroscience, 2006 
Visual Browser, 2007, http://scimaps.org/maps/neurovis/

Bruce W. Herr II, Gully Burns (USC), David Newman (UCI), Society for Neuroscience, 2006 
Visual Browser, 2007, http://scimaps.org/maps/neurovis/
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Bruce W. Herr II, Gully Burns (USC), David Newman (UCI), Society for Neuroscience, 2006 
Visual Browser, 2007, http://scimaps.org/maps/neurovis/

Bruce W. Herr II, Gully Burns (USC), David Newman (UCI), Society for Neuroscience, 2006 
Visual Browser, 2007, http://scimaps.org/maps/neurovis/
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Bruce W. Herr II, Gully Burns (USC), David Newman (UCI), Society for Neuroscience, 2006 
Visual Browser, 2007, http://scimaps.org/maps/neurovis/

Bruce W. Herr II, Gully Burns (USC), David Newman (UCI), Society for Neuroscience, 2006 
Visual Browser, 2007, http://scimaps.org/maps/neurovis/
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…… and INDUSTRY too. and INDUSTRY too. 
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Mapping Indiana’s Intellectual Space

Identify
Pockets of innovation
Pathways from ideas to products
Interplay of industry and academia

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
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http://ella.slis.indiana.edu/~katyhttp://ella.slis.indiana.edu/~katy http://scimaps.orghttp://scimaps.org http://ivl.slis.indiana.eduhttp://ivl.slis.indiana.edu

The End.The End.
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How to Make a Science MapHow to Make a Science Map

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.

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.

80
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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-
sc

or
e

280

300

320

340

360

380

400

IC Raw
IC Cosine
IC Jaccard
IC Pearson
IC RFavg
CC Raw
CC K50
CC Pearson

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.
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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.
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The 212 nodes represent 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.
Circle color depicts the 
independence of each cluster, 
with darker colors depicting 
greater independence.
Lines denote strongest 
relationships between disciplines 
(citing cluster gives more than 
7.5% of its total citations to the 
cited cluster).

Structural Map: Studying Disciplinary Diffusion 

84



43

Clusters of journals denote 
disciplines.
Lines denote strongest 
relationships between 
journals

Zoom Into Structural Map

86
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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, Craig Stewart (Senior Personnel), 
$1,120,926) Sept. 05 - Aug. 08. http://nwb.slis.indiana.edu

CAREER: Visualizing Knowledge Domains. NSF IIS-0238261 award 
(Katy Börner, $440,000) Sept. 03-Aug. 08. 
http://iv.slis.indiana.edu/
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