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Growth of Scientific Knowledge, 1665 to 2006
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2005 World Population

The population map uses a quarter degree box resolution. Boxes with zero people are given in white. Darker
shades of red indicate higher population counts per box using a logarithmic interpolation. The highest density
boxes appear in Mumbai, with 11,687,850 people in the quarter degree block, Calcutta (10,816,010), and
Shanghai (8,628,088).
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Darta from http://sedac.ciesin.columbia.edu/gpw:

2000 Night on Earth

This image shows city lights at night. It was composed from hundreds of pictures made by orbiting satellites.
The seaboards of Europe, the eastern United States, and Japan are particularly well lit. Many cities exist near
rivers or oceans so that goods can be exchanged cheaply by boat. The central parts of South America, Africa,
Asia, and Australia are rather dark despite their high population density, see map to the left.




2007 IP Address Ownership

This map shows IP address ownership by location. Each owner is represented by a circle and the area size of the
circle corresponds to the number of IP addresses owned. The larges circle denotes MI'T’s holdings of an entire
class A subnet, which equates to 16,581,375 IP addresses. The countries that own the most IP addresses are US
(560 million), Japan (130 million), Great Britain (47 million).
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2003 Scientific Productivity

Shown is where science is performed today. Each circle indicates a geographic location at which scholatly papers
are published. The larger the circle the more papers are produced. Boston, MA, London, England, and New
York, NY are the top three paper production areas. Note the strong resemblance with the Night on Earth and
the IP Ownership maps and the striking differences to the world population map.
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Computational Scientometrics:

Visual Interfaces

Studying Science by Scientific Means to Digital Libraries

Birner, Katy, Chen, Chaomei, and Boyack, Revin. (2003). Visualizing Knowledge Domains. In
Blaise Cronin (Ed.), Annnal Review of Information Science & Technology, Medford, NJ: Information
Today, Inc./ American Society for Information Science and Technology, 1 olume 37, Chapter 5, pp. 179-
255.

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

Barner, Katy, Sanyal, Soma and Vespignani, Alessandro (2007). Network Science. In Blaise

Cronin (Ed.), Annual Review of Information Science & Technology, Information Today, Inc./ American
Society for Information Science and Technology, Medford, NJ, Volume 41, Chapter 12, pp. 537-607.

Places & Spaces: Mapping Science exhibit, see also
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“Science of Science” Opportunities

Advantages for Funding Agencies

> Supportts 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

» FEasy 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, expetts, etc.

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

Advantages for Publishers

» Unique intetface to their data.

» Publicly funded development of databases and their interlinkage.

For Society
»  Dramatically improved access to scientific knowledge and expertise.

Process of Analyzing and Mapping Knowledge Domains
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Borner, Katy, Chen, Chaomei, and Boyack, Kevin. (2003) Visualizing Knowledge Domains. In Blaise Cronin (Ed.), Annual
Review of Information Science & Lechnology. 1olume 37, Medford, NJ: Information Today, Inc./ American Society for
Information Science and Technology, chapter 5, pp. 179-255.




Latest ‘Base Map’ of Science

RKevin W. Boyack, Katy Borner, & Richard Klavans (2007). Mapping the Structure and Evolution of
Chemistry Research. 11th International Conference on Scientometrics and Informetrics. pp. 112-123.

» 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, Katy Borner, & Richard Klavans (2007).

Funding patterns of the US Department of Energy (DOE)
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Science map applications: Identifying core competency
Kevin W. Boyack, Katy Birner, & Richard Klavans (2007).

Funding Patterns of the National Science Foundation (NSF)
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Science map applications: Identifying core competency
Kevin W. Boyack, Katy Birner, & Richard Klavans (2007).

Funding Patterns of the National Institutes of Health (NIH)
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Sample Science Studies

Mapping the Evolution of Co-Authorship Networks
Ke, Viisvanath & Birner, (2004) Won 15t price at the IEEE Infol”is Contest.
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Mapplng the Evolution of Co-Authorehlp Networks
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113 Years of Physical Review

bttp:/ [ scimaps.org/ dev/ map _detail phpZmap id=171

Bruce W. Herr II and Russell Dubon (Data Mining & Visualization), Elisha F. Hardy (Graphic Design), Shashikant
Penumarthy (Data Preparation) and Katy Birner (Concept)
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Spatio-Temporal Information Production and Consumption of Major U.S.
Research Institutions

Borner, Katy, Penumartly, 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:

5|Qn|0f_UU
1. Does space still matter Ve

in the Internet age?
2. Does one still have to

study and work at major research 0 1505. 1771

017722097
0 2,088 - 2529
@ 2,530 - 3.038
@ 3040 - 4172

institutions in order to have access to

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

3. Does the Internet lead to more global citation
patterns, i.e., more citation links between papers
produced at geographically distant research
instructions?

Contributions:

» Answerto Qs 1+ 2is YES.

» Answer to Qs 3 is NO.

» Novel approach to analyzing the dual role of
institutions as information producers and
consumers and to study and visualize the diffusion o I

of information among them. log of geographic distance

leg of number of institutions citing each other
-
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Examining the Evolution and Distribution of Patent Classifications

~—,  Patents Granted Over the Last 20 Years

( ‘l ) Tep Clatses 19682002 I the United States, cach patent gets assigned to onc out of mere than 450 classes covering braad application
\ A Top Clases 197%- 1962 B s | domalns. An examination of the sizs and growth of patent classas providas Insight shout patenting trends.
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Slow Growth Domains
1983 - 1987 / 1998 - 2002

Fast Growth Domains
1983 - 1987 / 1998 - 2002
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Electrical and Electronic

Apple Computer

--.,-mwnﬁilﬁmﬁﬂ

Depicted abave is how Apple Computers' partholio has
chanwed in yealy incemts frum 1980 w 2002.

Lemelson's patent hokdings bebow show a more even
QISTrDULION over multiple Classes. Mo Class dominates over a
majorlty of the years for granted patents:nstead they are

Legend:

GIFAN = INCTPASe In number af atent grants in parmiruar eass

Fied = Decrease in number of patent grants in particular class.
— No patents granted in that class in the past five years.

Size = Number of patent grants in a particular dass.

Computers and Communications. Chemical

e E—

Drugs and Medical

Shawn 15 2 comparisan of the patent class space for 198310 1987 and 199610 2002, There Isa predominance of qrowth In the
1998 to 2002 patent space, which correlates to the increase in patent grants during this period. By comparing the growth in cat-
eqerios, on can distinguish between damains that have boon roeciving a larger amount of patent grants.
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For more Information, contact Katy Bormer at katy@indiana.edu,

Kutz, Daniel 0. Examining the Evolution and Distribution of Patent Classifications.
Accepted for the Information Visualization Conference, London, UK, July 2004,

distributed more broadly over the inteliectual space.

T
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Jerome Lemelson

The material is based upon work supported bythe National
Science Foundation under Grant No. |15-0238261,
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Second sight
Wikipedian Activity e e ot .ol
Studying large scale social
networks such as Wikipedia

Power struggle

Vizzards 2007 Entry

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

Rendered as Google Map:

bttp:/ [ scimaps.org/ maps/ wikipedia

WITCTC aTUITIEIES are Taring
place, Her suggests. If rival contributors.
are repeatedly changing each other's
entries, for example, a page could be
locked until the mood ols (locked
pages at the time of writing inchude
entries on Sheffield Wednesday foothall
club, Mikhail Gorbachey and pigs).
The mosaic has been commended in
a competition for images that visualise
network dyniamics, coinciding with this
week's International Workshop and
& Conference on Netwaork Science
i-' in Bloomington.

an 8% 2008 Data Version on Gigapan:
gap
bitp:/ [ gigapan.org/ viewGigapan.php2id=5042

vt on 19 Moy 20| ot 55




Science Related Wikipedian Activity

btip:/ [ scimaps.org/ dev/ map _detail phpZmap id=165

Same base map.

Opverlaid 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).
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Mapping Science Exhibit

The Places & Places & Spaces: Mapping
Spaces exhibit has been created to ¥ 7 Science

demonstrate the power of maps.

An initial theme of this exhibit is to compare and - a science exhibit that introduces

contrast first maps of our entire planet with the

first maps of all of science as we know it people to maps Of SClencess
Come see with your own eyes the extent to which maps can be employed to help make thelr mal\ers aﬁd usefrs.

sense of the flood of information we are confronted with and how domain maps can be used

to locate complex and beautiful information.

This online part of the exhibit provides links to a selected series of maps and their makers
along with detailed explanations of why these maps work. The physical counterpart supparts
the close inspection of high quality reproductions for display at conferences and education Exhibit Curators: Dr' I{ﬂty
centers. It is meant to inspire cross-disciplinary discussion on how to best track and » .
communicate human activity and scientific progress on a global scale. B()rncr & Ehsha F Hafdv
J




Mapping Science Exhibit — 10 Iterations in 10 years
bttp:/ [/ scimaps.org

The Power of Maps (2005) Science Maps for Economic Decision Makers (2008)
> Vi S

o 5 WeE = B

Ael] e | T ] W

Science Maps for Science Policy Makers (2009)

Science Maps for Scholars (2010)

Science Maps as Visual Interfaces to Digital Libraries (2011)
Science Maps for Kids (2012)

Science Forecasts (2013)

How to Lie with Science Maps (2014)

Exhibit has been shown in 49 venues on four continents. Also at

- NSE, 10th Floor, 4201 Wilson Boulevard, Arlington, VA.

- Chinese Academy of Sciences, China, May 17-Nov. 15, 2008.

- University of Alberta, Edmonton, Canada, Nov 10-Jan 31, 2009

- Center of Advanced European Studies and Research, Bonn, Germany,
Dec. 11-19, 2008.

Illuminated Diagram Display
W. Bradford Paley, Kevin W. Boyack, Richard Kalvans, and Katy Birner (2007)
Mapping, Hluminating, and Interacting with Science. SIGGRAPH 2007.

Questions:

Large-scale, high
resolution prints
illuminated via projector
or screef.

» Who is doing research on what topic
and where?

» What is the ‘footprint’ of
interdisciplinary research fields?
» What impact have scientists? W. Bradford Pal

1tific prr .
: Interactive touch panel.

—

Contributions:

» Interactive, high resolution interface
to access and make sense of data
about scholarly activity.
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Re-implementation of Illuminated Diagram Software
by Advanced Visualization Lab, Indiana University

Drives unlimited number of IID screens.

Science World
——) —l-..__

Touch screen for direct interaction.
Keyword and name search.
Selection of canned queries for

- interdisciplinary research areas

- famous people

- activity patterns, e.g., bursts, trends, etc.
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Science of Science Cyberinfrastructure

(f»!ﬁgu‘ic’ WS

Provided by the Cyvberinfrastructure for Network Science Center at Indiana University.

Intro: dlx!:tlun

e: The Unity of Knowledge (1998): “Features that distinguish science from
ience are repeatability, economy, mensuration, heuri: and consilience.”

e Borner's recent presentation at the A Decper Look at the Visualizafion of Scientific Discouery NSE
p for a general intreduction of the needs and the resources provided here.

Needs Analysis

As part of the “TLS: Towards a Macroscope for Science Policy Decision Making” NSF SBE-0738111
award, interviews with science policy makers are conducted to identify what ‘science of science’ research
results and t desirable and effective. So far, 30 formal, one-hour interviews have been
conducted wit evel, program officer level, and division
Data compilation will start in October

to Mark Price (maaprice@indiana.edu).

akers at university campu
vate foundatio
2008 and res ultirglepﬂt can be ordered by sending a requ

Conceptualization of Science

A ‘science of science’ requires a theeretically grounded and practically useful conceptualizaticn of the
structure and evolution of science. A special journal issue entitled “Science of Science:
Conceptualizations and Models of Science” edited by Katv Bérner, Indiana U
Scharnhorst, Royal Netherlands Academy of Arts and Sciences invites contributio
be published in the Journal of Informetries 3(1) in January 2009.

Scholarly Database

The Scholarly Database SDB at Indiana Unive: 'y aims to
intere: alization of large ‘helarly dat:
currently p papers, patent: grants. Resulting data
dow r‘.l:‘aﬂeﬂm bulk. Reg: t https://sdb.slis.indiana.edu/.

rve researchers and practitione:
Th

a
:1
| Bl
o
B
B

er for free acc

Cyberinfrastructures

The Scien etrics filling of the Network Workbench (NWB) Tool p
resources environment for large-scale network anal
Scientific/IST, Scopus and Google Scholar data, EndNote and Bibtex files, or NSF awards can hE lEEﬂ and
diverse networks can be extracted and studied. Download User Manual with focus on Scientometrics.

http:/ /sci.slis.indiana.edu




SDB SCHOLARLY DATABASE

Scholarly Database: Web Interface

Search across publications, patents, grants.

Download records and/or (evolving) co-author, papet-citation networks.

@ SCHOLARLY DATABASE = |[SCHOLARLY DATABASE

Cptmamtrustruciors tur Netmuk Scunce Centar L8, Instians Universiry, Blocmingion

e

Search | EditFrofie | Admin | About | Logout

U User Non-IU User

gﬁuﬁ}ﬁiﬁwmu o q'—_
Register for free access at http://sdb.slis.indiana.edu
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SDB SCHOLARLY DATABASE
MR Scholarly Database: # Records & Years Covered

Datasets available via the Scholarly Database

Dataset #Records Years Coverage | updated Restricted
A

59,078 | 1974,1979,1984,19
89,1994-2004

21,456,336 1893-2008

Aim for comprehensive temporal, geospatial, and topic coverage.
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Network Workbench (NWB) Project

Investigators:

Software Team:

Goal:

Amount:
Duration:
Website:

Katy Borner, Albert-TLaszlo Barabasi, Santiago Schnell,
Alessandro Vespignani & Stanley Wasserman, Eric Wernert

=
Aok

Lead: Micah Linnemeier
Members: Patrick Phillips, Russell Duhon, Tim Kelley & Ann McCranie
Previous Developers: Weixia (Bonnie) Huang, Bruce Herr, Heng Zhang, Duygu

Balcan, Bryan Hook, Ben Markines, Santo Fortunato, Felix Terkhorn, Ramya
Sabbineni, Vivek S. Thakre & Cesar Hidalgo

3 W :.": b
Develop a large-scale network analysis, modeling and visualization toolkit for
physics, biomedical, and social science research.

$1,120,926, NSF 115-0513650 award
Sept. 2005 - Aug. 2009

http://nwb.slis.indiana.edu
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Serving Non-CS Algorithm Developers & Users

CIShell Wizards

o P 2 gt

CIShell

SS2C IShell

Alliance
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Algorithms Currently Available

Preprocessing IEI

Remove Nodes
Extract Top Nodes
Extract Nodes Above or Below Val
Delete High Degree Modes
Delete Random Nodes
Delete Isolates
Remove Edges
Extract Top Edges
Extract Edages Above or Below Val
Remove Self Loops
Trim By Degree1
Pathfinder Network Scaling
Sampling
Snowball Sampling (n nodes)
Node Sampling
Edge Sampling
Transformations
Symmetrize
Dichotomize

Multipartite Joining

Modeling IE1N
General
Random Graph
Watts-Strogatz Small World
Barabdsi-Albert Scale-Free
Structured
CAN
Chord
Unstructured
Hypergrid
PRU
Other
TARL
Discrete Network Dynarmics

See

Analysis IEN
General Purpose
Network Analysis Toalkit?
Unweighted & Undirected
Based on degree/
Node Degree
Node Distribution
Based on clustering
k-Mearest Meighbor
Watts Strogatz Clustering Coefficie
Watts Strogatz Clustering Coefficle
Based on path
Diameter
Average Shortest Path
Shartest Path Distribution
Node Betweenness Centrality
Based on components
Connected Components
Weak Component Clustering
K-Core
Extract K-Corel
Anngtate K-Coreness?
Unweighted & Directed
Based on degree
Node Indegree
Node Qutdegree
Indegree Distribution
Outdegree Distribution
Based on local graph structure
k-Mearest Meighbor
Single Mode In-Out Degree Correla
Unnamed Category?
Fage Rank
Based on local graph structure
Dyad Reclprocity?
Arc Reciprocity?
Adjacency 1ran5|tw|t11
Based on components
Weak Component Clustering

Visualization |IE

Tools
GUESS
GnuPlot?
Predefined Positions Layout
DrL (WxOrd)
Pre-defined Positions (prefuse beta)?
Move
Circular
Tree Layouts
Radial Tree (prefuse alpha)
Radial Tree with Annotations (prefuse betall
Tree Map
Tree View
Balloon Graph (prefuse alghall
Network Layouts
Force Directed with Annotation {prefuse beta)
Kamada-Kawai (JUNG)
Fruchterman-Reingold (JUNG)
Fruchterman-Reingold with Annotation (prefuse beta)
Spring (JUNG
Small World {prefuse alpha)
Other Layouts
Parallel Coordinates ;t:lemol3
LaMet (k-Core Decomposition)

Scientometrics

Extract Network From Table
Extract Co-Authorship Network
Extract Co-Occurrence Network From Table?
Extract Directed Network From Table?
Extract Network From Another Network
Extract Bibliographic Coupling Similarity Network
Extract Co-Citation Similarity Metwark?
Cleaning
Remove IS Duplicate Records
Detect Duplicate Nodes
Remove Rows With Multitudinous Fields?
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Fxtract Attractore~
EpiC will Build on and Extend NWB
NDIANA U
I U N ews RU om U News from all eight campuses
Sunday, May 4, 2008
Browse by Campus & Services & Resources ¥
Search | | For Journalists | Archives | Site Index | Contact Us. | Public &fairs
_é/ Ans & Humanities Mewsroom Home = Indiana University Media Relations = Mews Release
() Athistics Last modified: Tuesday, april 8, 2008
* Neal Moore
‘ Business ngmoore@indiana.edu
- 11 i § 317-278-9208
f Education $1.2 million NIH project will help track and _
= David Bricker
& G | - - 1 1 brickerd @indiana.edu
<& cenera predict epidemics i
9 Health & Medicine 4] E-mail this page [‘a] Print this page
’\ L
- Public & FOR IMMEDIATE RELEASE
6 - * General News
Environmental Affairs :
April 8, 2008 » Graduate Studies
_}ir' Science * Life Sriences
- = Science
’I Sacial Science BLOOMINGTON, Ind. -- The National Institutes of Health has given $1.2 « Technology
&/ Technology million to Indiana University researchers to build the ultimate international e TEHEs o5
epidernic research tool.
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cyberinfrastructure for

NETWORK SCIENCE CENTER

School of Library and Information Sdence | Indiana University Bloomingto

ey
@ uo

Cyberinfrastructures ing Qutreach

http://cns.slis.indiana.edu




