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Introduction to Sci2 

The Science of Science (Sci2) Tool is an open-source modular toolset 
originally designed for the study of science. However it has many uses 
that support temporal, geospatial, topical, and network analysis and 
visualization of scholarly datasets.  

Introduction 



Macroscopes 
Decision making in science, industry, and politics, as well as in daily life, requires that 
we make sense of the massive amounts of data that result from complex systems. 
 
Rather than making things larger or smaller, macroscopes let us observe what is too 
great, slow, or complex for us to comprehend or sometimes even notice. 
 

       Microscopes                  Telescopes                      Macroscopes 

Macroscopes 



 
Plug-and-Play Macroscopes  

 While microscopes and telescopes are physical instruments, macroscopes are 
continuously changing bundles of software plugins 

 
Macroscopes make it easy to 
• Simply drop plugins into the tool and they appear in the menu, ready to use 
• Sharing algorithm components, tools, or novel interfaces becomes as easy 

as sharing images on Flickr or videos on YouTube 
 

Macroscopes 



OSGi & Cyberinfrastructure 
Shell (CIShell) 

• CIShell (http://cishell.org) is an open source software specification for the 
integration and utilization of datasets, algorithms, and tools 

• It extends the Open Services Gateway Initiative (OSGi) (http://osgi.org), a 
standardized, modularized service platform 

• CIShell provides “sockets” into which algorithms, tools, and datasets can be 
plugged using a wizard-driven process 

OSGi & CIShell 

http://cishell.org/
http://osgi.org/
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OSGi & Cyberinfrastructure 
Shell (CIShell) 

OSGi & CIShell 
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Meso/Local 
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Macro/Global 
(10,000 < records)  
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universities, research 
domains, or states 

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

Temporal Analysis 
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Funding portfolio of 
one individual 
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in 20-years of PNAS 
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Types and Levels of Analysis 



Sci2 Tool – Supported Data Formats 
Input: 
•  Network Formats  
• GraphML (*.xml or 

*.graphml) 
• XGMML (*.xml) 
• Pajek .NET (*.net) 
• NWB (*.nwb) 
• Scientometric Formats  
• ISI (*.isi) 
• Bibtex (*.bib) 
• Endnote Export Format 

(*.enw) 
• Scopus csv (*.scopus) 
• NSF csv (*.nsf) 
• Other Formats  
• Pajek Matrix (*.mat) 
• TreeML (*.xml) 
• Edgelist (*.edge) 
• CSV (*.csv) 

Output: 
• Network File Formats 
• GraphML (*.xml or 

*.graphml) 
• Pajek .MAT (*.mat) 
• Pajek .NET (*.net) 
• NWB (*.nwb) 
• XGMML (*.xml) 
• CSV (*.csv) 
• JPEG (*.jpg) 
• PDF (*.pdf) 
• PostScript (*.ps)  

File Formats Supported by Sci2 



User Interface 

Sci2 User Interface 



Supported Tools 

Gnuplot 
portable command-line driven 
interactive data and function 
plotting utility 
http://www.gnuplot.info/. 

GUESS 
exploratory data analysis and visualization 
tool for graphs and networks.  
https://nwb.slis.indiana.edu/community/?n=
VisualizeData.GUESS.  

Sci2 Supported Tools 

http://www.gnuplot.info/
https://nwb.slis.indiana.edu/community/?n=VisualizeData.GUESS
https://nwb.slis.indiana.edu/community/?n=VisualizeData.GUESS


Supported Tools 
Adding more layout algorithms and network visualization interactivity  
via Cytoscape http://www.cytoscape.org.  
Simply add org.textrend.visualization.cytoscape_0.0.3.jar into your /plugin directory. 
Restart Sci2 Tool 
Cytoscape now shows in the Visualization Menu 
 
 
 
 
 
 
 
 
Select a network in Data Manager, run Cytoscape and the tool will start with this 
network loaded. 
 
 
 
 
 
 

Sci2 Supported Tools 

http://www.cytoscape.org/


Bridged Tools 

R statistical tool 

Gephi visualization tool 

Sci2 Supported Tools 



Sci2 Visualizations: General 
Use GnuPlot to visualize the degree distribution of a co-authorship 
network extracted from ISI data… 

Sci2 Visualizations 



Sci2 Tool Visualizations: Temporal 
Use Temporal Bar Graph to visualize NSF funding profiles over time… 

Sci2 Visualizations 



Sci2 Tool Visualizations: Geospatial 
Use the Proportional Symbol Map to size and color symbols proportionally to 
numeric data, in this case the  20 most populated cities around the world… 

Sci2 Visualizations 



Sci2 Tool Visualizations: Geospatial 
Use the Choropleth Map to color regions proportionally to numeric data, in 
this case the US by state population… 

Sci2 Visualizations 



Sci2 Tool Visualizations: Geospatial 
Overlay a geospatial network on a base map, in this case Albert-László 
Barabási and his collaborators… 
  

Sci2 Visualizations 



Sci2 Tool Visualizations: Topical 

Use the Map of Science via Journals visualization a network drawn the result 
of mapping a dataset's journals to the underlying sub-discipline(s) those 
journals contain… 

Sci2 Visualizations 



Sci2 Tool Visualizations: Networks 
Use GUESS to visualize networks, such as this co-authorship network 
extracted from ISI data… 

Sci2 Visualizations 



Sci2 Tool Visualizations: Networks 
Use Circular Hierarchy to visualize networks with community attributes 
appended… 

Sci2 Visualizations 



Sci2 Tool Visualizations: Networks 
Use the Bipartite Network visualization to create a network of authors and 
publication titles… 

Sci2 Visualizations 



Sci2 Adoption 

Topic co-occurrence network of the 2885 cognitive and neuroscience NSF 
projects funded between 2007 and 2011.   
 
The nodes are labeled 
based on how the 
awards were tagged. 
The nodes are scaled by 
number of awards (max 
= 355) with a particular 
tag and the edges are 
scaled on number of co-
occurrences (max =91) 
of those tags.  The node 
colors differentiate the 
different communities of 
awards, which allows 
you to identify topic 
areas. 



This is … an entirely new way of characterizing and understanding 
the NSF portfolio.  This is in part because this enables analysis of the 
content of the awards/proposals independent of the institutional 
structure.  One can quickly identify ALL of the Cog/Neuro awards 
throughout the entire NSF portfolio – so it captures research in all of the 
unexpected institutional places.  This method also allows one to easily 
identify areas of parallel or potentially collaborative research being 
funded by different institutional structures and  … to identify 
potential areas for advancing science by facilitating collaborations.  
   
Leah G. Nichols, NSF 

Sci2 Adoption 



Questions? 



Please copy the version of Sci2 and Gephi that you need 
from the flash drive: 

Linux Users 

Mac Users 

Windows Users 

Please unzip the Sci2 folder to your desktop. You do not need to install anything in 
your program files directory. Sci2 will run fine from the desktop.  
 
Please go through the Gephi installation process. 
 
Make sure to copy over the sample data folder and save it to your desktop. 

Installing Sci2 



Needs-Driven Workflow Design 
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Workflow Design 



Edge Direction: 
Directional relationship is 
represented by arrows 

In-Degree: 
Number of incoming edges 

Out-Degree: 
Number of outgoing 
edges 

Introduction to Networks 

Introduction to Networks 



Visualizing the Florentine Dataset 
This example will demonstrate how to visualize data using Sci2. In this 
workflow we will be working with Padgett's Florentine families dataset which 
includes 16 different Italian families from the early 15th century. Each family 
is represented by a node in the network and families are connected by 
edges that represent either a marriage or business/lending ties. Each node 
(family) has several attributes: wealth (in thousands of lira), number of 
priorates (seats on the civic council between 1282-1344), and total ties 
(total number of business ties and marriages in the dataset). 

“Substantively, the data include families who were locked in a struggle for 
political control of the city of Florence around 1430. Two factions were 
dominant in this struggle: one revolved around the infamous Medici family, 
the other around the powerful Strozzis.” 
 
More info at http://svitsrv25.epfl.ch/R-doc/library/ergm/html/florentine.html 
 

Visualizing the Florentine Dataset 

http://svitsrv25.epfl.ch/R-doc/library/ergm/html/florentine.html
http://svitsrv25.epfl.ch/R-doc/library/ergm/html/florentine.html
http://svitsrv25.epfl.ch/R-doc/library/ergm/html/florentine.html


*Nodes 
id*int label*string wealth*int totalities*int priorates*int 
1 "Acciaiuoli" 10 2 53 
2 "Albizzi" 36 3 65 
3 "Barbadori" 55 14 0 
4 "Bischeri" 44 9 12 
5 "Castellani" 20 18 22 
6 "Ginori" 32 9 0 
7 "Guadagni" 8 14 21 
8 "Lamberteschi" 42 14 0 
9 "Medici" 103 54 53 
10 "Pazzi" 48 7 0 
11 "Peruzzi" 49 32 42 
12 "Pucci" 3 1 0 
13 "Ridolfi" 27 4 38 
14 "Salviati" 10 5 35 
15 "Strozzi" 146 29 74 
16 "Tornabuoni" 48 7 0 
*UndirectedEdges 
source*int target*int marriage*string business*string 
9 1 "T" "F" 
6 2 "T" "F" 
7 2 "T" "F" 
9 2 "T" "F" 
5 3 "T" "T" 
 

Visualizing the Florentine Dataset 

Visualizing the Florentine Dataset 



First, load the florentine.nwb by following File > Load > 
yoursci2directory/sampledata/scientometrics/endnote/florentine.nwb. 

Visualizing the Florentine Dataset 



Once you have loaded the data in Sci2, it will appear in the Data Manager. 

Visualizing the Florentine Dataset 



For this workflow we will skip straight to the visualization step, since the network 
file that we loaded already has the attributes we are interested in visualizing 
(wealth, priorates, and totalities). For other datasets, you will likely need to 
extract networks and run some type of analysis to answer the questions you are 
interested in.  
 
To visualize this network select the file from the Data Manager and run 
Visualization > Networks > GUESS. 
 

Visualizing the Florentine Dataset 



When the network is loaded in GUESS it will be laid out randomly. 

Visualizing the Florentine Dataset 



The first step in enhancing this network visualization is to apply a different 
layout. For this visualization we will use the GEM layout Layout > GEM. You 
will notice that the GEM layout is random, you can run it multiple times and 
the network will appear slightly different each time. 

Visualizing the Florentine Dataset 



The next step will be to resize the nodes based on the wealth attribute. To do 
this resize select the Resize Linear button and set the parameters to those 
shown below. 

Visualizing the Florentine Dataset 



Next we will colorize the nodes based on priorates to add an additional 
dimension to this visualization. 

Visualizing the Florentine Dataset 



Next we will color the edges to show the type of relationship between the 
families. To do this, you will need to select the Object edges based on ->, set 
the property to marriage, the operator to ==, and the value to T. Next, click 
the Color button and you can select the color of your choice from the pallet 
that will appear at the bottom of the Graph Modifier pane. 

Visualizing the Florentine Dataset 



You can repeat this process for the business property if you want to, or 
you can leave the edges that represent business ties the default color. In 
this workflow we will leave them the default color, light gray. The final step 
is to show all the labels. To do this, you will need to select the "Object" all 
nodes and the click the Show Label button and the labels will appear in 
the visualization. 

Visualizing the Florentine Dataset 



Since the GEM layout is random and all the nodes are spaced more or less 
evenly apart, you do not have to worry about disrupting the layout. However, 
other layout algorithms may space the nodes according to specific attributes 
of the network. Manually moving around nodes in this case would disrupt the 
layout of the network and distort the meaning of the visualization. 
 
The last thing we want to do to our network is color the border of the nodes 
the same as the nodes themselves. This is not as crucial for networks with 
only a few nodes, but as the size of your network increases it can become 
difficult to read with the thick black lines around every node. To color those 
the same as the node go to the Interpreter tab at the bottom of the GUESS 
window and type in the following commands: 
 
for n in g.nodes: 
 n.strokecolor = n.color 
 

Visualizing the Florentine Dataset 



This code basically tells GUESS that for every node (n) in this graph of 
nodes (g.nodes) make the border color of the nodes (n.strokecolor) 
equal to the node color (n.color). After you type the first line you will 
need to hit the "Tab" key before you start typing the second line of 
code. 
 

Visualizing the Florentine Dataset 



Visualizing the Florentine Dataset 



Questions? 



Temporal Analysis: Evolving  
Co-Authorship Network 

For this analysis we will be studying the evolution of Alessandro 
Vespignani’s co-authorship network over time. We will see his 
network of collaborators grow from 1990 to 2006, giving us a sense 
of how his scholarly output has grown. Each node in the network 
will represent an author in the data set and the edges that connect 
them will be weighted based on how many times they have 
collaborated. 

Evolving Co-Authorship Network 



File > Load > AlessandroVespignani.isi 
Load this file from the sample data folder you copied from the flash 
drive. 

Evolving Co-Authorship Network 



Select Preprocessing > Temporal > Slice Table by Time and choose the 
parameters shown at the right. 

Evolving Co-Authorship Network 



Now that the algorithm has been run, you will notice the original 
dataset has been divided into four tables that cumulatively display 
the evolution of this data. 

Evolving Co-Authorship Network 



Select the first table and run Data Preparation > Extract Co-Author 
Network 
Repeat this step for each of the tables in the Data Manager 

Evolving Co-Authorship Network 



Select the first extracted co-author network and run Visualization > Networks 
> GUESS starting with the network that spans 1990 to 2006 because we will 
export these node positions and use them to layout the other networks. 
 

Evolving Co-Authorship Network 



The network will be loaded in with a random layout in GUESS 
To change the layout select Layout > Gem 

Evolving Co-Authorship Network 



Resize the nodes based on number_of_authored_works 
Set the parameters from 5 to 15 and click Do Resize Linear 

Evolving Co-Authorship Network 



Resize the edges based on number_of_coauthored_works 
Set the parameters from 1 to 5 and click Do Resize Linear 

Evolving Co-Authorship Network 



Colorize the nodes based on times_cited 
Set the parameters from Gray to Black and click Do Colorize 

Evolving Co-Authorship Network 



Colorize the edges based on number_of_coauthored_works 
Set the parameters from Green to Black and click Do Colorize 

Evolving Co-Authorship Network 



If you want to remove the borders from the nodes, type the following commands 
in into the interpreter: 
 
 for n in g.nodes: 
  n.strokecolor=n.color 
 

Evolving Co-Authorship Network 



Finally add the labels to the nodes by selecting object: all nodes and 
then click Show Label 

Evolving Co-Authorship Network 



To save the node positions of the current layout so that the layout is 
consistent across all time slices select File > Export Node Positions  and 
save the file as a CSV file. 

Evolving Co-Authorship Network 



Now when you go to visualize the other three networks you will want to import 
the node the node positions using File > Import Node Positions and the network 
will be laid out accordingly. When the networks are displayed side-by-side you 
can see an evolution. 

Evolving Co-Authorship Network 



Questions? 



Topical Analysis: Word Co-Occurrence 
Networks 

The topic similarity of works (books, journal articles etc.) within a domain can be 
calculated via an analysis of the co-occurrence of words in associated texts. 
Works that share more words in common are assumed to have higher topical 
overlap and are connected via linkages and/or placed in closer proximity.  
 
Sci2’s Extract Word Co-Occurrence Network algorithm creates a weighted 
network where each node is a word and edges connect words to each other. 
The strength of an edge represents how often two words co-occur in the same 
body of text.  

Word Co-Occurrence Network 



Note: A bug in the Extract Word Co-Occurrence Network 
algorithm in Sci2 was recently fixed. If you are not using the 
version of Sci2 from the flash drives passed around at the 
workshop, then you will need to obtain the new Extract Word 
Co-Occurrence Network plugin from 3.2 Additional Plugins. 
The file is titled : 
 
edu.iu.nwb.composite.extractwordfromtable_1.0.1.jar 

Word Co-Occurrence Network 

http://wiki.cns.iu.edu/display/SCI2TUTORIAL/3.2+Additional+Plugins


Load the Four NetSci Researchers file (FourNetSciReseachers.isi) from the 
sample data folder in your Sci2 installation directory. Here is the path: 
C:\Users\yourusername\Desktop\sci2\sampledata\scientometrics\isi 
 

Word Co-Occurrence Network 



Normalize the text of the abstract Preprocessing > Topical > 
Lowercase, Tokenize, Stem, and Stopword Text 

Word Co-Occurrence Network 



Create the word co-occurrence network Data Preparation > Extract 
Word Co-Occurrence Network 

Word Co-Occurrence Network 



Apply Visualization > Networks > DrL (VxOrd) and words that are similar will 
be plotted relatively close to each other.  

Word Co-Occurrence Network 



Laying out the network with Drl (VxOrd) may take some time, but once the 
algorithm is complete you will want to keep only the strongest edges, so 
select the “Laid out with DrL” and select Preprocessing > Networks > 
Extract Top Edges  

Word Co-Occurrence Network 



Once edges have been removed, the network "top 1000 edges by weight" 
can be visualized by running Visualization > Networks > GUESS. 

Word Co-Occurrence Network 



In order to make use of the DrL (VxOrd) force directed layout we applied, 
we need to change to the interpreter at the bottom of the screen and 
type in the following commands: 

Word Co-Occurrence Network 



Note, GUESS will not necessarily display the graph in the middle of the 
screen, you may have to scroll around the screen to find the graph.  

Word Co-Occurrence Network 



Questions? 



The Money Trail 

These data were obtained from Open Congress (http://opencongress.org), a non-
profit and non-partisan public resource supported by the Participatory Politics 
Foundation and the Sunlight Foundation.  
 
The dataset includes individual contributions from special interest groups to US 
Senators from 2009-2010, as reported by Congress. This is the most recent data 
available. The special interest groups have been assigned categories and then are 
grouped together by industries and economic sectors. 

Congressional Money Trail 

http://www.participatorypolitics.org/
http://www.participatorypolitics.org/
http://sunlightfoundation.com/


Congressional Money Trail 



Congressional Money Trail 



Congressional Money Trail 



Load the money trail.csv file, select File > Load  

Congressional Money Trail 



Extract a directed network from the special interest groups to the 
Senators, Data Preparation > Extract Directed Network 

Congressional Money Trail 



node.sector=Sector_Code.[source].mode 
node.party = Party_Code.[target].mode 
edge.weight = Amount Received.sum 

Make sure to use the moneytrail.properties 
aggregate function file 

Congressional Money Trail 



Visualize the network with Gephi, Visualization > Gephi 

Congressional Money Trail 



You will be presented with a load report before the 
network can be opened in Gephi, click OK. 

Congressional Money Trail 



Congressional Money Trail 

The network will be laid out randomly at first, Apply the Fruchterman 
Reingold layout and click run. 



Congressional Money Trail 

To resize the nodes based on the number of connections, calculate 
the average degree by using the Network Overview window. 



Congressional Money Trail 

Choose the      icon and set the Ranking Parameter to Degree. Then 
scale the nodes from 10 to 30. 



Congressional Money Trail 

To apply labels to the nodes. Select the label icon     from the 
toolbar below the visualization. 



Congressional Money Trail 

To edit node attribute such as changing the color, switch over to the 
Data Laboratory view, right-click on the nodes, and select Edit Node. 

You can select multiple nodes and edit their properties 
simultaneously. For example, you could choose all the Democratic 
Senators and color the nodes that represent them blue.  



Congressional Money Trail 

Switch to the Preview window to finalize your visualization. Use the Preview 
Settings to add the finishing touches and then export your visualization in a 
variety of formats. 



Questions? 
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