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Software, Datasets, Plugins, and Documentation

2

• These slides 
http://cns.iu.edu/docs/presentations/2014‐borner‐opentoolstutorial‐oecd.pdf

• Sci2 Tool Manual v0.5.1 Alpha, updated to match v1.0 Alpha tool release 
http://sci2.wiki.cns.iu.edu

• Sci2 Tool v 1.1 beta (Dec 9, 2013) 
http://sci2.cns.iu.edu

• Additional Datasets 
http://sci2.wiki.cns.iu.edu/2.5+Sample+Datasets

• Additional Plugins
http://sci2.wiki.cns.iu.edu/3.2+Additional+Plugins

Make sure you have Java 1.6 (32‐bit suffices) or higher installed or download from 
http://www.java.com/en/download. To check your Java version, open a terminal 
and run 'java ‐version'.
Some visualizations are saved as Postscript files. A free Postscript to PDF viewer is 
at http://ps2pdf.com and a free PDF Viewer at 
http://www.adobe.com/products/reader.html. 



Tutorial Overview

9:30  Welcome and Overview of Tutorial and Attendees
9:45  Open Data and Tools
• Standardize and federate micro‐level datasets of S&T activity
• Open code tools and online services that are interoperable
• Sharing and teaching open datasets and tools
11‐11:30 Networking Break
11:30 Sci2 Tool Hands‐on
• Download and run the Sci2 Tool
• Country Collaboration Network, 2011 – Scoreboard 2013
• Country Expertise Profiles, 2010 – New Workflow
• Country Mobility Network,1996‐2011 – Scoreboard 2013
• Acceleration in the Development of Patented Technologies, 2000‐11 – SB 2013
• Acceleration in the Co‐Development of Patented Technologies, 1996‐2001 and 

2006‐11 – Scoreboard 2013
• Evolving Country Patent Profiles, 1995‐2010 – New Workflow
13:00  Outlook and Q&A
13:30 Adjourn
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Open Data and Tools
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Standardize and federatemicro‐level datasets of S&T activity
• Data formats
• Access protocols
• DOIs
• Licenses

Open code tools and online services that are interoperable
• Libraries and code repositories
• Workflow protocols
• Licenses

Teaching open datasets and tools
• (Online) documentation
• MOOCs



Open Data
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Open Data: Government Data
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http://data.gov



Open Data: U.S. NIH Funding 
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http://report.nih.gov



Open Data: UK Funding
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http://data.gov.uk/data/openspending‐report/index



Open Data: Eurostat
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http://epp.eurostat.ec.europa.eu/portal/page/portal/eurostat/home/



Open Data: People Profiles from NRN Systems
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http://nrn.cns.iu.edu



Open Data: Linked Data

13

http://www.270a.info



Open Data: Linked Data, 2011
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http://lod‐cloud.net



Open Tools
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Types of Analysis and Visualization



Open Tools: Statistics
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http://www.gapminder.org
http://www.gapminder.org/world/#$majorMode=chart$is;shi=t;ly=2003;lb=f;il=t;fs=11;al=30;stl=t;st=t;nsl=t;se=t$wst;tts=C$ts;sp=5.59290322580644;ti=2012$zpv;v=0$inc_x;mmid=
XCOORDS;iid=phAwcNAVuyj1jiMAkmq1iMg;by=ind$inc_y;mmid=YCOORDS;iid=phAwcNAVuyj2tPLxKvvnNPA;by=ind$inc_s;uniValue=8.21;iid=phAwcNAVuyj0XOoBL_n5tAQ;by=ind$inc_c;u
niValue=255;gid=CATID0;by=grp$map_x;scale=log;dataMin=283;dataMax=110808$map_y;scale=lin;dataMin=18;dataMax=87$map_s;sma=49;smi=2.65$cd;bd=0$inds=;modified=75 

Flash-based; does not use DOM convention 
for representing and interacting with objects 
in HTML, XHTML and XML documents.
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http://report.nih.gov/retools/competing_research_project.aspx
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http://shiny.rstudio.com/gallery
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http://www.adb.org/figi/web/StatTrends.html



Open Tools: 

Temporal Analysis and Visualization (WHEN)
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http://nsf.gov/statistics/seind14/index.cfm/digest

Uses DOM convention and 
Scalable Vector Graphics (SVG).



Open Tools: 

Geospatial Analysis and Visualization (WHERE)
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http://www.excellencemapping.net
http://www.excellencemapping.net/#/view/edition/2014/measure/top10/calculation/a_ohne_kovariable/field/materials-science/significant/false
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http://casa.oobrien.com/tube

OpenLayers (http://ol3js.org) for vector 
rendering and custom code.  
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Client-side visualization framework 
uses HTML5, Javascript, and SVG.

Developed for NIH by CNS and NETE. Responsive design. 
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Open Tools: 

Topical Analysis and Visualization (WHAT)
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http://srogers.cartodb.com viz/e90c0ef0-a31e-11e3-878e-
0e10bcd91c2b/embed_map?title=true&description=true&search=true&shareable=true&cartodb_logo=true&layer_selector=false&legends=false
&scrollwheel=true&fullscreen=true&sublayer_options=1&sql=&zoom=2&center_lat=2.6357885741666065&center_lon=-33.57421874999998 

Uses Leaflet for tile fetching and client-
side compositing, noticeable lag
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https://app.nihmaps.org

Flash-based, fairly 
responsive system



36

http://mapsustain.cns.iu.edu

Client-side vis framework uses  jQuery, Angular, 
D3, and Leaflet (tiling map library that supplants 
Google Maps); HTML5, Javascript and SVG.
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http://mapsustain.cns.iu.edu



Open Tools: 

Network Analysis and Visualization 
(WITH WHOM)
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http://foresight.jst.go.jp/en/dataranking/collaboration/relationship

Flash-based. Filtering is handled outside vis
client and requires the user to resubmit the page
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Online interface allows BBSRC research managers to visualize their portfolio across 
specific topics, universities, and other organizations' funding mechanisms. 

Client-side visualization framework uses 
jQuery and D3; HTML5, Javascript and SVG.
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Online interface allows BBSRC research managers to visualize their portfolio across 
specific topics, universities, and other organizations' funding mechanisms. 
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Online interface allows BBSRC research managers to visualize their portfolio across 
specific topics, universities, and other organizations' funding mechanisms. 



Open Tools: 

Multiple Views—Coupled Windows
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http://xcite.hackerceo.org/VIVOviz/visualization.html

Uses D3 (d3js.org) 
like BBSRC vis
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https://webgate.ec.europa.eu/ketsobservatory/kets-deployment/technology/timeseries/amt
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https://webgate.ec.europa.eu/ketsobservatory/kets-deployment/technology/timeseries/amt



Open Education
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https://www.class-central.com/search?q=analysis
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https://www.class-central.com/search?q=visualization
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http://ivmooc.cns.iu.edu
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Software, Datasets, Plugins, and Documentation
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• These slides 
http://cns.iu.edu/docs/presentations/2014‐borner‐opentoolstutorial‐oecd.pdf

• Sci2 Tool Manual v0.5.1 Alpha, updated to match v1.0 Alpha tool release 
http://sci2.wiki.cns.iu.edu

• Sci2 Tool v 1.1 beta (Dec 9, 2013) 
http://sci2.cns.iu.edu

• Additional Datasets 
http://sci2.wiki.cns.iu.edu/2.5+Sample+Datasets

• Additional Plugins
http://sci2.wiki.cns.iu.edu/3.2+Additional+Plugins

Make sure you have Java 1.6 (32‐bit suffices) or higher installed or download from 
http://www.java.com/en/download. To check your Java version, open a terminal 
and run 'java ‐version'.
Some visualizations are saved as Postscript files. A free Postscript to PDF viewer is 
at http://ps2pdf.com and a free PDF Viewer at 
http://www.adobe.com/products/reader.html. 



Install and Run Sci2 
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Sci2 Tool runs on Windows, Mac, and Linux. 

Unzip.

Run /sci2/sci2.exe



Sci2 Tool Interface Components
See also http://sci2.wiki.cns.iu.edu/2.2+User+Interface

55

Use
• Menu to read data, run 

algorithms.
• Console to see work log, 

references to seminal works.
• Data Manager to select, view, 

save loaded, simulated, or 
derived datasets.

• Scheduler to see status of 
algorithm execution. 

All workflows are recorded into a log file (see /sci2/logs/…), and can be re‐run for 
easy replication. If errors occur, they are saved in a error log to ease bug reporting.
All algorithms are documented online; workflows are given in Sci2 Manual at 
http://sci2.wiki.cns.iu.edu



Load One File and Run Many Analyses and Visualizations
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Times 
Cited

Publication 
Year

City of 
Publisher

Country Journal Title 
(Full)

Title Subject 
Category

Authors

12 2011 NEW YORK USA COMMUNIC
ATIONS OF 
THE ACM

Plug‐and‐Play 
Macroscopes

Computer 
Science

Borner, K

18 2010 MALDEN USA CTS‐
CLINICAL 
AND 
TRANSLATIO
NAL 
SCIENCE

Advancing the 
Science of Team 
Science

Research & 
Experimental 
Medicine

Falk‐Krzesinski, HJ|Borner, 
K|Contractor, N|Fiore, 
SM|Hall, KL|Keyton, 
J|Spring, B|Stokols, 
D|Trochim, W|Uzzi, B

13 2010 WASHINGTON USA SCIENCE 
TRANSLATIO
NAL 
MEDICINE

A Multi‐Level Systems 
Perspective for the 
Science of Team 
Science

Cell Biology 
|Research & 
Experimental 
Medicine

Borner, K|Contractor, 
N|Falk‐Krzesinski, HJ|Fiore, 
SM|Hall, KL|Keyton, 
J|Spring, B|Stokols, 
D|Trochim, W|Uzzi, B



Load One File and Run Many Analyses and Visualizations
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Times 
Cited

Publication 
Year
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Co‐author and 
many other 
bi‐modal networks.



Load One File and Run Many Analyses and Visualizations
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Download  20publications.csv from
http://wiki.cns.iu.edu/download/attachments/12
45848/20publications.csv?version=1&modificatio
nDate=1403450235951

In Sci2, use ‘File > Load’ and load file as ‘Standard 
csv format’. 
Run ‘Data Preparation > Extract Co‐Occurrence 
Network’ with parameters:

Co‐author network will appear in Data Manager.



Load One File and Run Many Analyses and Visualizations
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Run ‘Analysis > Network Analysis Toolkit (NAT)’ to get basic properties:

Nodes: 65
Isolated nodes: 0
Edges: 404
No self loops were discovered. 
Average degree: 12.4308
The largest connected component consists of 65 nodes.
Density (disregarding weights): 0.1942 

Select ‘Extracted Network on Column Authors’ network in Data Manager and run 
‘Visualization > GUESS’ to open GUESS with file loaded.
Initial layout is random:

In GUESS, apply ‘Layout > GEM’:
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• Download and run the Sci2 Tool
• Country Collaboration Network, 2011 – Scoreboard 2013
• Country Expertise Profiles, 2010 – New Workflow
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2006‐11 – Scoreboard 2013
• Evolving Country Patent Profiles, 1995‐2010 – New Workflow
13:00  Outlook and Q&A
13:30 Adjourn
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Country Collaboration Network, 2011
see OECD Scoreboard 2013, p. 58 and 59

61

In OECD Scoreboard 2013
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Compile data

63



Extract network, undirected but weighted 
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Identify essential nodes

Keep nodes with more than 10,000 and edges with more than 2,000.

Identify essential edges
• Apply thresholds to edge weights
• Keep top‐n edges per node
• Use Pathfinder Network Scaling

65
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Layout network, apply color and size coding
Save result in PDF/Postscript file 



Apply color and size coding
Save result in PDF/Postscript file 

67



68

Adjust colors and type font, add title, legend, data source info 
in your favorite graphic design and layout program 



Country Expertise Profiles: Germany vs. United Kingdom 

Objective: Map out and compare country scientific profiles on UCSD map of science. 

OECD version of Elsevier’s Scopus custom database ‐ scientific publication data for 
2010. Analysis carried out within OECD – based on query carried out in Dec 2013 by 
Brigitte van Beuzekom (OECD), two countries selected for demonstration purposes: 
192,583 publications from Germany; 194,221 from United Kingdom. 386,804 total 
records.

There are exactly 12,690 unique journal names. 2696 of these cannot be located in 
UCSD map of science and classification system that covers 8 years (2001‐2008) of 
Scopus data.  These might be journals created/renamed in 2009 and 2010.
See http://sci.cns.iu.edu/ucsdmap for Scopus journal names used in the Sci2 SciMap.

Börner, Katy, Richard Klavans, Michael Patek, Angela Zoss, Joseph R. Biberstine, 
Robert Light, Vincent Larivière, and Kevin W. Boyack (2012) Design and Update of a 
Classification System: The UCSD Map of Science. PLoS ONE 7(7) 

69

New Workflow



Prepare data: 
Save publication records for each country in one csv file
Load files into Sci2; Render UCSD map overlay using 

Three files are generated

Review “Journals not located”
Correct journal names if possible

Right click “Map of Science Visualization” in Data Manager and save it as a 
PostScript file.

Convert to pdf or open in Illustrator or similar to view.
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United Kingdom:  Top‐20 Most Frequent Journals (8,438 unique)

71

Journal name Frequency
lecture notes in computer science (including subseries lecture notes in artificial 
intelligence and lecture notes in bioinformatics) 1790
plos one 1365
chemical communications 1360
proceedings of spie ‐ the international society for optical engineering 1210
monthly notices of the royal astronomical society 782
journal of biological chemistry 640
bioorganic and medicinal chemistry letters 624
langmuir 600
journal of the american chemical society 584
blood 456
bioinformatics 420
journal of the royal society interface 415
international journal of std and aids 408
proceedings of the royal society b: biological sciences 405
vaccine 365
journal of theoretical biology 364
british journal of oral and maxillofacial surgery 357
astronomy and astrophysics 354
biochemical journal 350
acm international conference proceeding series 344



Germany:  Top‐20 Most Frequent Journals (7,548 unique)
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Journal name Frequency
proceedings of spie ‐ the international society for optical engineering 3080
lecture notes in computer science (including subseries lecture notes in artificial 
intelligence and lecture notes in bioinformatics) 3038
plos one 1041
chemical communications 946
astronomy and astrophysics 838
journal of the american chemical society 788
journal of biological chemistry 767
langmuir 766
physical review b ‐ condensed matter and materials physics 676
unfallchirurg 656
nervenarzt 611
acm international conference proceeding series 580
materials science forum 568
journal of physical chemistry c 548
macromolecules 540
chemie‐ingenieur‐technik 489
konstruktion 436
blood 408
progress in biomedical optics and imaging ‐ proceedings of spie 404



United Kingdom vs. Germany:  Science Map Overlay, 13 Colored Disciplines 

DE:
SocSci: 9,003

UK:
SocSci: 22,731
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United Kingdom vs. Germany:  Number of Papers per Discipline
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Discipline UK Count UK Unique DE Count DE Unique
Biology 7108 437 8717 599
Biotechnology 4882 167 5773 171
Brain Research 11187 541 13160 519
Chemical, Mechanical, & Civil E. 13824 707 17531 678
Chemistry 14051 406 20314 417
Earth Sciences … … … …
Electrical Engineering & Computer 
Science
Health Professionals
Humanities
Infectious Diseases
Math & Physics
Medical Specialties 27294 1181 29055 1107
Social Sciences 22731 1668 9003 1111



United Kingdom vs. Germany:  Number of Papers per Discipline

Study should be re‐run using citation counts.
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Discipline UK Count DE Count
Biology 7108 437 8717 599
Biotechnology 4882 167 5773 171
Brain Research 11187 541 13160 519
Chemical, Mechanical, & Civil E. 13824 707 17531 678
Chemistry 14051 406 20314 417
Earth Sciences … … … …
Electrical Engineering & Computer 
Science
Health Professionals
Humanities
Infectious Diseases
Math & Physics
Medical Specialties 27294 1181 29055 1107
Social Sciences 22731 1668 9003 1111

UK
Germany



Country Mobility Network, 1996-2011
see OECD Scoreboard 2013, p.62

Uses Sci2 and GUESS

76

In OECD Scoreboard 2013
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Compile data
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Extract and layout network, directed and weighted 
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Identify essential nodes and edges , apply color and size coding 
Layout network but keep in mind that layout is non‐deterministic
Different tools render the same network differently: Gephi Layouts
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Identify essential nodes and edges, apply color and size coding 
Layout network but keep in mind that layout is non‐deterministic
Different tools render the same network differently: Guess Layout
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Apply final color and size coding
Save result in PDF/Postscript file 
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Adjust colors and type font, add title, legend, data source info 
in your favorite graphic design and layout program 



Acceleration in The Development of Patented Technologies,
2000-11, see OECD Scoreboard 2013, p.170

Top 40 technologies, international patent classification classes and their
development speed over time

Uses Kleinberg’s burst detection
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In OECD Scoreboard 2013
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Acceleration in The Co-Development of Patented 
Technologies, 1996-2001 and 2006-11, see OECD Scoreboard 
2013, p.171

Top 50 co‐developments of IPC classes by development speed observed in the 
2000s

Uses Kleinberg’s burst detection algorithm
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In OECD Scoreboard 2013
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Evolving Country Patent Profiles, 1995-2010 

B07C,B41J,B41K,G02F,G03G,G05F,G06,G07,G09G,G10L,G11C,H03K,H03L
Patents in the ICT sector, Computers, office machinery
Application dates 1995‐2010
Germany, Japan, and United States

Data extracted from http://stats.oecd.org/index.aspx?queryid=22010 on 17 
Jun 2014 14:34 UTC (GMT).

Requires alignment of IPC and UCSD Map of Science classes.
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New Workflow



Original data 
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Prepare data
Three 5‐year bins: 1996‐2000, 2001‐2005, 1996‐2010
Three files: One for each country
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1996‐2000:
Germany
Japan
United States



Align 16 IPC Classes with 554 UCSD Map of Science Classes
Retrieving IPC text from WIPO, http://web2.wipo.int/ipcpub
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Align 16 IPC Classes with 554 UCSD Map of Science Classes
Retrieving UCSD Map data from http://sci.cns.iu.edu/ucsdmap
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Align 16 IPC Classes with 554 UCSD Map of Science Classes
Retrieving UCSD Map data from http://sci.cns.iu.edu/ucsdmap

Run Visualization > Topical > Science Map via 554 Fields 

using parameters 

Postscript file will appear in Data Manager. 
Save and open with a Postscript Viewer.
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1996‐2010

Germany

Japan

United States
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United States

1996‐2000

2001‐2005

1996‐2010
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Read and Analyze Flickr Data Based on User Names

Provide file with user names:

Load file into Sci2, select it in Data Manager, run ‘File > Flickr Reader’

To generate a file with information what images these users uploaded when:

96

Bonus: Read and Analyze Flickr Data



Read and Analyze Flickr Data

Provide file with user names:

Load file into Sci2, select it in Data Manager, run ‘File > Twitter Reader’

Generate authentication data using process explained at 
http://wiki.cns.iu.edu/display/CISHELL/Authenticating+with+Twitter%27s+API

Press OK to generate a file with tweets by those users and with the listed #tags.
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Bonus: Read and Analyze Twitter Data



Read and Analyze Twitter Data Based on Keywords

Collect data on a specific keyword using 
http://mashe.hawksey.info/2013/02/twitter‐archive‐tagsv5/
or similar.
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Bonus: Read and Analyze Twitter Data



Read and Analyze Twitter Data
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Bonus: Read and Analyze Twitter Data



Read and Analyze Twitter Data
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Bonus: Read and Analyze Twitter Data

Download data and extract follower counts, map geolocations, analyze reply 
networks, run burst over text or tags or user activity, e.g., to study public 
perception and discussion of science.



Re-Run Workflows 

Run ‘File > Read Directory Hierarchy’ using parameters:

‘Visualize > Networks >  Tree Map’:
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Bonus: Re-Run Workflow



Re-Run Workflows 

Delete file in Data Manager

In Workflow Manager

Right click Workflow and ‘Run’:
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Bonus: Re-Run Workflow



Adding a new algorithm to Sci2 is easy. Simply use the Wizard driven process:
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Bonus: How to create a new Sci2 plugin



Adding a new algorithm to Sci2 is easy. Simply use the Wizard driven process:
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Bonus: How to create a new Sci2 plugin
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Adding a new 
algorithm to Sci2 is 
easy. Simply use the 
Wizard driven 
process.

See also
http://wiki.cns.iu.edu
/display/CISHELL/Hell
o+World+Tutorial

http://cishell.wiki.cns
.iu.edu/Home



Adding a new algorithm to Sci2 is easy. Simply use the Wizard driven process:
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Bonus: How to create a new Sci2 plugin



Adding a new algorithm to Sci2 is easy. Simply use the Wizard driven process:
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Bonus: How to create a new Sci2 plugin



2012 Tutorial Covered Many General Workflows
Covered in http://cns.iu.edu/docs/presentations/2012-borner-sci2tutorial-oecd.pdf

Temporal analysis and vis: Slides 49‐52
Geospatial analysis and vis: Slides 81‐93
Topical analysis and vis: Slides 
Network analysis and vis: 
• Network Extraction:  Slides 73‐78
• Backbone identification: Slide 67
• Hierarchical clustering/community detection: S. 68‐70
• Animating network growth: Slides  97‐101

But also see details and novel workflows in
• Katy Börner and David E Polley (2014) Visual Insights: 

A Practical Guide to Making Sense of Data. MIT Press. 
plus hands‐on online tutorials in the Information Visualization MOOC at 
http://ivmooc.cns.iu.edu
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General Workflows



https://sci2.cns.iu.edu/user/ask.php 
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Need Help?  Ask an Expert! 



Tutorial Overview

9:30  Welcome and Overview of Tutorial and Attendees
9:45  Open Data and Tools
• Standardize and federate micro‐level datasets of S&T activity
• Open code tools and online services that are interoperable
• Sharing and teaching open datasets and tools
11‐11:30 Networking Break
11:30 Sci2 Tool Hands‐on
• Download and run the Sci2 Tool
• Country Collaboration Network, 2011 – Scoreboard 2013
• Country Expertise Profiles, 2010 – New Workflow
• Country Mobility Network,1996‐2011 – Scoreboard 2013
• Acceleration in the Development of Patented Technologies, 2000‐11 – SB 2013
• Acceleration in the Co‐Development of Patented Technologies, 1996‐2001 and 

2006‐11 – Scoreboard 2013
• Evolving Country Patent Profiles, 1995‐2010 – New Workflow
13:00  Outlook and Q&A
13:30 Adjourn
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Register for free at http://ivmooc.cns.iu.edu. Class will restart in January 2015.
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The Information Visualization MOOC
ivmooc.cns.iu.edu

Students from more than 100 countries
350+ faculty members

#ivmooc

112



Course Schedule

• Session 1 – Workflow design and visualization framework
• Session 2 – “When:” Temporal Data
• Session 3 – “Where:” Geospatial Data
• Session 4 – “What:” Topical Data
Mid‐Term

Students work in teams with clients.
• Session 5 – “With Whom:” Trees
• Session 6 – “With Whom:” Networks
• Session 7 – Dynamic Visualizations and Deployment
Final Exam

Final grade is based on Midterm (30%), Final (40%), Client Project (30%).
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Needs‐Driven Workflow Design

Stakeholders

Data

READ ANALYZE VISUALIZE

DEPLOY

Validation

Interpretation

Visually 
encode 
data

Overlay 
data

Select 
visualiz. 
type

Types and levels of analysis determine
data, algorithms & parameters, and 
deployment
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Clients

http://ivmooc.cns.iu.edu/clients.html



Q & A

Please complete the Post‐Tutorial Questionnaire 
so that we can further improve these tutorials.

* * *
Bug reports and all comments are welcome.

If you enjoyed the tutorial, please thank Fernando 
GALINDO‐RUEDA, Mariagrazia SQUICCIARINI, and 

Alessandra COLECCHIA at OECD and
Daniel Halsey, Robert Light, Michael Ginda at CNS.
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All papers, maps, tools, talks, press are linked from http://cns.iu.edu
These slides will soon be at http://cns.iu.edu/docs/presentations

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