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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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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 MIT’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 scholarly 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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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.
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Early Maps of the World VERSUS       Early Maps of Science

3D n-D
Physically-based Abstract space
Accuracy is measurable Accuracy is difficult
Trade-offs have more to do with granularity Trade-offs indirectly affect accuracy
2-D projections are very accurate at local levels 2-D projections neglect a great deal of  data
Centuries of  experience Decades of  experience
Geo-maps can be a template for other data Science maps can be a template for other data

Kevin W. Boyack, UCGIS Summer Meeting, June, 2009
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1930                                                                                                                         1955

Zoom into one map and legend 
Review 350 references



Find your way

Find collaborators, friends

Identify trends

Terra bytes of  data

Descriptive &
Predictive
Models
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Find your way

Find collaborators, friends

Identify trends

Terra bytes of  data

Plug-and-Play 
Macroscopes
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Type of Analysis vs. Level of Analysis

Micro/Individual
(1-100 records)

Meso/Local
(101–10,000 records)

Macro/Global
(10,000 < records) 

Statistical 
Analysis/Profiling 

Individual person and 
their expertise profiles

Larger labs, centers, 
universities, research 
domains, or states

All of NSF, all of USA, 
all of science.

Temporal Analysis 
(When)

Funding portfolio of 
one individual

Mapping topic bursts 
in 20-years of PNAS

113 Years of Physics 
Research

Geospatial Analysis 
(Where)

Career trajectory of one 
individual  

Mapping a states 
intellectual landscape

PNAS publications 

Topical Analysis 
(What)

Base knowledge from 
which one grant draws.

Knowledge flows in 
Chemistry research 

VxOrd/Topic maps of 
NIH funding

Network Analysis 
(With Whom?)

NSF Co-PI network of 
one individual  

Co-author network NIH’s core competency 
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Mapping Indiana’s Intellectual Space

Identify

 Pockets of  innovation

 Pathways from ideas to products

 Interplay of  industry and academia
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Individual Co-PI Network 
Ke & Börner, (2006)

18



Mapping the Evolution of  Co-Authorship Networks 
Ke, Visvanath & Börner, (2004) Won 1st price at the IEEE InfoVis Contest.
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Research question:

• Is science driven by prolific single 

experts or by high-impact 

co-authorship teams?

Contributions:

• New approach to allocate citational credit.

• Novel weighted graph representation.

• Visualization of the growth of weighted co-author network. 

• Centrality measures to identify author impact.

• Global statistical analysis of paper production and citations in correlation with co-
authorship team size over time.

• Local, author-centered entropy measure.

Studying the Emerging Global Brain: Analyzing and Visualizing the Impact of  
Co-Authorship Teams 
Börner, Dall’Asta, Ke & Vespignani (2005) 
Complexity, 10(4):58-67.
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Compare  R01 investigator based funding with TTURC 
Center awards in terms of number of publications and 
evolving co-author networks.
Zoss & Börner, forthcoming. 

Supported by NIH/NCI Contract HHSN261200800812

Mapping Transdisciplinary Tobacco Use Research 
Centers Publications
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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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Spatio-Temporal Information Production and Consumption of  Major U.S. 
Research Institutions
Börner, Katy, Penumarthy, 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:
1.    Does space still matter 

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

study and work at major research 
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:
 Answer to Qs 1 + 2 is 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 
of information among them. 24
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Mapping Science Exhibit – 10 Iterations in 10 years
http://scimaps.org/



Mapping Science Exhibit at MEDIA X was on May 18, 2009  at Wallenberg Hall, Stanford University,
http://mediax.stanford.edu, http://scaleindependentthought.typepad.com/photos/scimaps
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Science Maps in “Expedition Zukunft” science train visiting 62 cities in 7 months 12 coaches, 300 m long 
Opening was on April 23rd, 2009 by German Chancellor Merkel
http://www.expedition-zukunft.de
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Illuminated Diagram Display 
soon on display at the Smithsonian       
in DC.
http://scimaps.org/exhibit_info/#ID

29

30



31

32



Sci2 Tool – “Open Code for S&T Assessment”

OSGi/CIShell powered tool with NWB plugins and 
many new scientometrics and visualizations plugins.

Börner, Katy, Huang, Weixia (Bonnie), Linnemeier, Micah, Duhon, Russell Jackson, Phillips, Patrick, Ma, Nianli, Zoss, 
Angela,  Guo, Hanning & Price, Mark. (2009). Rete-Netzwerk-Red: Analyzing and Visualizing Scholarly Networks 

Using the Scholarly Database and the Network Workbench Tool. Proceedings of ISSI 2009: 12th International Conference 
on Scientometrics and Informetrics, Rio de Janeiro, Brazil, July 14-17 . Vol. 2, pp. 619-630. 

Horizontal Time Graphs

Sci Maps GUESS Network Vis

Sci2 Tool Vis cont.

Geo Maps

Circular Hierarchy
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Wordle.net of “Interest to Learn” response 
by users from more than 73 countries 

Needs-Driven Workflow Design using a modular data acquisition/analysis/ 
modeling/ visualization pipeline as well as modular visualization layers.

Börner, Katy (2010) Atlas of  Science. MIT Press. 36
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Sci2 Tool v1.0 Alpha (June 13, 2012)

Major Release 
featuring a Web services compatible CIShell v2.0 (http://cishell.org)

New Features
 Google Scholar citation reader 
 New visualizations such as 

 geospatial maps
 science maps
 bi-modal network layout

 R statistical tool bridging
 Gephi visualization tool bridging
 Comprehensive online documentation 

Release Note Details
http://wiki.cns.iu.edu/display/SCI2TUTORIAL/4.4+Sci2+Release+Notes+v1.0+alpha
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New Visualizations 

Types
 Geospatial maps:  Choropleth Map and Proportional Symbol Map
 Science Map: Based on 25,000 journals or 554 subdisciplines.
 Bi-Modal Network Layout

Shared Features
 Uniform layout
 Scalable to extremely large datasets as rendered into PS, PDF files.
 Header information on file mapped and footer information
 Automatic legend generation
 ‘How To Read This Map” information
 Additional pages for details
 Color coding suitable for black and white printout and color blind users
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New Visualizations 

40

New Visualizations 
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New Visualizations 
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New Visualizations 
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New Visualizations 

Data: WoS and Scopus paper level data for 
2001–2010, about 25,000 separate journals, 
proceedings, and series.
Similarity Metric: Combination of 
bibliographic coupling and keyword vectors.
Number of Disciplines: 554 journal clusters 
further aggregated into 13 main scientific 
disciplines that are labeled and color coded in 
a metaphorical way, e.g., Medicine is blood 
red and Earth Sciences are brown as soil.
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DIY Science Maps using the Sci2 Tool

Download Sci2 Tool v1.0 Alpha (June 13, 2012) from http://sci2.cns.iu.edu
Unpack into a /sci2 directory. Run /sci2/sci2.exe
Sci2 Manual is at http://sci2.wiki.cns.iu.edu

Load an ISI (*.isi), Bibtex (*.bib), Endnote Export Format (*.enw), Scopus csv
(*.scopus) file such as /sci2/sampledata/scientometrics/isi/FourNetSciResearchers.isi

Run Visualization > Topical > Science Map via Journals
using parameters given to the right.

Postscript file will appear in Data Manager. Save and open with a Postscript Viewer.
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DIY Science Maps using the Sci2 Tool

In addition to using journal names to
- Map career trajectories
- Identify evolving expertise areas
- Compare expertise profiles

Existing classifications can be aligned and used to generate science map overlays.

Run Visualization > Topical > Science Map via 554 Fields
using parameters given to the right.
Postscript file will appear in Data Manager. 
Save and open with a Postscript Viewer.
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Align Science Basemaps using the Sci2 Tool

UCSD Map                           Loet et al science maps ISI categories     http://vosviewer.com

NIH Map
Elsevier’s SciVal Map                       Science-Metrix.com                     (https://app.nihmaps.org) 

Geomap with Gephi Network Overlay
See 4.7.6 on http://sci2.wiki.cns.iu.edu
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Use Yahoo! Geocoder to identify Latitude, Longitude for each geolocation
Extract attributes per geolocation, e.g., total times cited (TC)
Extract linkages and their attributes, e.g., number of  co-occurences
See sample /geo/LaszloBarabasiGeo.net with co-occurrence of  “Research 
Addresses” and full counting of  TC per geolocation.

File with 
geolocations and
linkage info, e.g., 
an isi biblio-
graphy file.

Read into Sci2 Tool to generate 
geomap and network file

Layout network in Gephi Combine geomap and 
network in Photoshop

+ =



Practice these steps using “LaszloBarabasi-collaborations.net” linked from Sci2 wiki: 
4.7.6 Using Gephi to Render Networks Overlaid on GeoMaps
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Rounded edges might increase legibility of
overlapping lines.
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http://sci2.cns.iu.edu
http://sci2.wiki.cns.iu.edu

52



53

OSGi/CIShell Adoption

A number of other projects recently adopted OSGi and/or CIShell:
 Cytoscape (http://cytoscape.org) Led by Trey Ideker at the University of California, San Diego is 

an open source bioinformatics software platform for visualizing molecular interaction 
networks and integrating these interactions with gene expression profiles and other state data 
(Shannon et al., 2002). 

 MAEviz (https://wiki.ncsa.uiuc.edu/display/MAE/Home) Managed by Jong Lee at NCSA is an 
open-source, extensible software platform which supports seismic risk assessment based on 
the Mid-America Earthquake (MAE) Center research.

 Taverna Workbench (http://taverna.org.uk) Developed by the myGrid team 
(http://mygrid.org.uk) led by Carol Goble at the University of Manchester, U.K. is a free 
software tool for designing and executing workflows (Hull et al., 2006). Taverna allows users 
to integrate many different software tools, including over 30,000 web services.

 TEXTrend (http://textrend.org) Led by George Kampis at Eötvös Loránd University, Budapest, 
Hungary supports natural language processing (NLP), classification/mining, and graph 
algorithms for the analysis of business and governmental text corpuses with an inherently 
temporal component.

 DynaNets (http://www.dynanets.org) Coordinated by Peter M.A. Sloot at the University of 
Amsterdam, The Netherlands develops algorithms to study evolving networks.

 SISOB (http://sisob.lcc.uma.es) An Observatory for Science in Society Based in Social Models.
As the functionality of OSGi-based software frameworks improves and the number and 
diversity of dataset and algorithm plugins increases, the capabilities of custom tools will expand. 
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Scholarly Database at Indiana University
http://sdb.wiki.cns.iu.edu

Supports federated search of 25 million publication, patent, grant records.
Results can be downloaded as data dump and (evolving) co-author, paper-citation networks.

Register for free access at http://sdb.cns.iu.edu
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Since March 2009:
Users can download networks:
- Co-author
- Co-investigator  
- Co-inventor
- Patent citation
and tables for 
burst analysis in NWB.
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All papers, maps, tools, talks, press are linked from http://cns.iu.edu

CNS Facebook: http://www.facebook.com/cnscenter
Mapping Science Exhibit Facebook: http://www.facebook.com/mappingscience
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