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Goals of Workshop 

Understand network data-collection and 
management 

 
Understand networks as matrices 
 
Basic network measures and concepts 
 
Basic analysis 



Networks are Everywhere 





A Hub 
A Bridge 



And They Have Implications 





Moscow 



Table 1 
 

Connection Array Short-Path 
Actual Percentage Place Actual Rank 
2652 0.51 Novgorod 176 35 
3574 0.68 Vitebsk 172 32 
9521 1.82 Smolensk 148 17.50 
5303 1.01 Kiev 173 33 
8691 1.66 Chernikov 181 36 
10181 1.95 Novgorod Severskiy 162 28 
14703 2.81 Kursk 160 26 
26898 5.15 Bryansk 130 9 
18662 3.57 Karachev 157 22.50 
41022 7.85 Kozclsk 116 4 
24001 4.59 Dorogobusch 121 7 
36292 6.94 Vyarma 113 3 
11282 2.16 "A" 132 11 
14843 2.84 Tver 128 8 
5184 0.99 Vishniy Totochck 158 24 
19451 3.72 Ksyatyn 118 5.50 
6883 1.32 Uglich 152 20 
3114 0.60 Yaroslavi' 184 38 
3415 0.65 Rostov 182 37 
8150 1.56 "B" 148 17.50 
3711 0.71 "C" 174 34 
4249 0.81 Suzdal 163 29 
10344 1.98 Vladimir 133 12 
4518 0.86 Nizhniy Novgorod 161 27 
1394 0.27 Bolgar (Kazan) 198 39 
7101 1.36 Isad'-Ryazan 156 21 
8135 1.56 Pronsk 159 25 
8671 1.66 Dubok 157 22.50 
9248 1.77 Elets 170 30 
23936 4.58 M tsensk 141 15 
17717 3.39 Tula 145 16 
21015 4.02 Dedoslavi' 131 10 
13414 2.57 Pereslavi' 134 13 
39478 7.55 Kolomna 104 1 
26663 5.10 Moscow 107 2 
22016 4.21 Mozhaysk 118 5.50 
9954 1.90 Dmitrov 151 19 
13681 2.62 Volok Lamskiy 138 14 
3515 0.67 Murom 171 31 





Network 
Topology 
of the 
Internet 



Terrorist 
Network 



•  “Well of course ‘Actor 19’; he was probably the 
major player. He had a lot of help, but he was the 
major player. Without him providing the political 
capital I don’t think it would ever have 
happened.”(Actor 27, an important lobbyist) 

 





Politics is one social context in 
which the term ‘capital’, in the 

form of political capital,  is used 
in every day political discourse. 





Network Science: What’s Involved? 

•  DATA 
–  Network Data (Interaction, Advice) 
–  Non-Network Data (Nonstructural Attributes) 

•  Theory (The Substance) 
–  Describe 
–  Explain 
–  Predict 

•  Measures (e.g., Centrality, Clustering Coefficient) 
–  Structural Features at Various Levels (Individual Actor, Group, Society) 

•  Models (The Formalization and Validation of The Theory) 
–  Cross-sectional (ERGM, MCMC) 
–  Dynamic (SIENA) 
 



From Borgatti 



From Borgatti 



From Borgatti 



From Borgatti 



Complete Ego 

1-
Mode 

2-
Mode 













Osama Financial Sources and Sinks 





From Borgatti 











Fortune 500 Boards 
Overlapping Directorates 





From Borgatti 



Levels of Focus 

•  Macro--attributes and characteristics of the 
whole network 

•  Micro--attributes and characteristics of the 
individual node and subgroup  

•  These characteristics have important 
implications 



Macro 



Micro 







Dynamic Networks 
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From Borgatti 



Simplistic View of Social Capital: 
Social Capital Should Get You Something  

•  Opportunity (Burt, 
Lin and Others) 

•  Power, influence, 
money, 
advancement, 
access, advantage, 
etc. 

 
 

•  Protection (Coleman, 
Portes, and others[e.g., 
World Bank and 
Putnam]) 

•  Security, insurance, 
protection from out- 
group conflicts, 
sharing, trust, money, 
etc.  



Features of Networks 
•  Social Capital as 

Opportunity(Focus: 
individual) 

•  Low density, low 
redundancy, extensive, 
complex  

•  Leads to control (e.g., 
information), 
entrepreneurial 
opportunities, etc.  

•  Flexibility at the expense 
of risk 

•  Social Capital as Security 
(Focus: Group) 

•  High density, cohesion, and 
redundancy, simple 

•  Leads to protection, cooperation, 
and sense of belonging (e.g., 
results in poverty alleviation, 
sustainable development, lower 
crime, higher educational 
achievement), but involves 
obligations and restrictive norms   

•  Certainty at the expense of 
constraint and obligations 



Network Example  



Structural Similarity 



From Borgatti 



From Borgatti 
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California Inter-tidal 
Food Web 



From Borgatti 



Cognitive Social Networks 



Cognitive Slices 

Aggregate Cognition 
Actor 1 

Actor 2 

Actor 3 

Actor 4 

Sum of all the cognitive slices 



Features of Cognitive Social 
Networks 

•  Individual cognitive slices vary in accuracy 
•  More active (and powerful) actors tend to have the 

most accurate understanding of the network 
•  Aggregations of individual cognitive nets tend to 

produce a more valid picture of the true network 
•  The more slices the better 
•  Can construct a reasonably accurate network from 

a few aggregated cognitive slices (particularly if 
obtained from active and powerful actors) 



Relationship between power and 
knowledge 
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Relationship between activity and 
knowledge High Activity 

and High 
Knowledge 



Measuring Knowledge 

•  Use of QAP for correlating matrices 
 



2-Mode Social Networks and 
Affiliation Networks 

•  Advantages 
– Can construct from observations 
– Can construct from reports of behavior 
– Can construct from secondary source materials 
– Can often be used as a proxy for 1-mode 

relational networks  



The Structure of Coastal Research at ECU 
The Extent of Interdisciplinary Research 

•  The network of investigators by funded research 
(past 10 years) 

•  Relationships among projects vis-à-vis 
investigators 

•  Analysis of key projects  
•  Relationships among investigators vis-à-vis 

projects 
•  Analysis of key investigators 
•  Factors facilitating interdisciplinary coastal 

research 



The Network of Investigators by 
Projects 





Project Affiliation Networks and 
the Identification of Key Projects 

Find the projects that, if removed, 
would maximize the number of 

network components 





Investigator Affiliation Networks 
and the Identification of Key 

Investigators 
Find the investigators that, if 

removed, would maximize the 
number of network components 

 







Summary 

•  Lack of a robust interdisciplinary research 
network at ECU 

•  Primary nature of interdisciplinary research 
is within natural sciences 

•  The limited amount of social and natural 
interdisciplinary research was facilitated by 
the spatial proximity of the investigators  



Network Visualization of the 
IMDB 

Do the Top Liberal and Conservative 
Hollywood Actors/Producers/Writers/

Directors  Collaborate? 



Identifying Liberal and Conservative 
Actors:  But Isn’t All of Hollywood 

Liberal? 

•  Not according to Celebpolitics.com a 
conservative Hollywood watch group. 

 





Rates Movies and Actors as to a 
conservative/liberal index 

•  How the index is calculated: 
(-1)(# of liberal quotes) + (-1)(liberal 

donations / $10,000) + (5)(# of conservative 
quotes) + (3)(conservative donations / 
$5,000) 

















Look at the Extent to Which the Top 20 
Actors from Each Persuasion Interact 

Through Various Venues 

• Created a 2-mode matrix consisting 
of the 40 actors by venues which 
yielded a 40 x 2818 matrix.  

• Also Bipartite 2858 x 2858  



2 Mode 



Bipartite 

Bipartite 



Graph Has Problems Showing 
Underlying Overlaps 

Large number of nodes with degree 1 
 
Large number of events that reflect little about 

project collaborations (e.g., Academy 
Award Shows, Music Award Shows, 
Documentaries)  

 





Reduce to Meaningful Venues--
Movies 

•  Included only movies (no 
documentaries or  TV of any 
form) 

• 40 x 96 Matrix 





Not very Informative: What about 
Overlaps? 



Overlap Among Actors via Movies 







Overlap Among Movies via Actors 







Top 100 Liberal & 
Conservative Movies 

  











Mage Visualization 



Conclusions 

•  It looks like Rip Torn and to some 
extent James Woods will work 
with almost any wacko liberal 
nutcase! 



Network Visualization 

•  Much of the work conducted in both the 
social and ecological sciences concerns a 
search for patterns and regularities in data  

•  Use of visualizations to aid in discovering 
these patterns and regularities  



Factors to Consider in Displaying the 
Properties of Network Nodes and Arcs  

 
•  Node properties 
•  Arc properties 
•  Reducing Complexity 



Node Properties 

•  Nodal color, shape, label, or nodal geometric 
distortions (e.g., ratios) are all examples of 
possible ways for conveying information of either 
a nominal or numerical kind.  

•  Some work has suggested that no more than six 
colors should be used in any computer graph 
(Derefeldt and Marmolin 1981) although others 
have suggested the maximum may be more like 
nine (Smallman and Boynton 1990).  

•  Care should be exercised in the selection and 
number of attributes to be explored.      

 



Color 
•  Color can be used to represent the nominal 

properties of nodes in terms of such things as 
gender, membership in groups, political party 
affiliation, guild membership, etc. 

•  Any qualitative property of the node can be 
represented by color.  

•   The Culture of Color in Conveying 
Information. 

•  Another important aspect is color brightness or 
saturation.  

 
 
 



Symbol Size and Shape 

•  A quantitative property of a node can be 
reflected in the its size relative to other 
nodes.   

•  A qualitative property of a node can be 
reflected in the shape of nodes.   

 



Relationships or Flows (Arcs) 
 

•  Arc color and or thickness can be varied to 
reveal qualitative or quantitative properties 
of flows, relations, or connections. 
Additionally arrows can be varied in 
placement and size to symbolize arc 
properties.    

 



Reducing Complexity: Groupings of 
Nodes and/or Arcs  

 
•   Many networks are complex, involving 

large numbers of both nodes and arcs.  
•  Groups of nodes can be turned on and off 

by button and groups of arcs, possibly in 
combination with nodes, can also be turned 
on and off in order to reveal both 
connections within and between clusters of 
nodes.   

 



Spatial Considerations 


