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Figure S3: View of the entire HMS-PCI Dataset.Thick blue lines represent literature-derived interactions from PreBIND+MIPS in the HMS-PCI dataset.Thin orange lines represent potential novel interactions. Arrows point from bait to associated protein.Functional annotation derived from Gene Ontology.(www.geneontology.org) http://www.bind.ca
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Figure 3. Friendship Choices Among Fourth
Graders (from Moreno, 1934, p. 38).

Figure 4. Positive and Negative Choices in a
Football Team (Moreno, 1934, p. 213).

Figure 5. Positive Choices in a School
Fraternity (Moreno, 1934, p.51).

Thus, in his early works, Moreno introduced five important ideas about the proper construction of images of social networks: (1)
he drew graphs, (2) he drew directed graphs, (3) he used colors to draw multigraphs, (4) he varied the shapes of points to
communicate characteristics of social actors, and (5) he showed that variations in the locations of points could be used to stress
important structural features of the data.

Except for his use of color, other investigators were quick to follow Moreno's lead. The expense involved in using colored ink in
printing led publishers to refuse to accept colored images. Nevertheless, black and white pictures of both graphs and directed
graphs began to appear everywhere. 

Many early images adopted Moreno's practice of arranging points into a circle. In fact, structural analysts keep returning to the
circle as a way of arranging their points (Loomis, Morales, Clifford and Leonard, 1953; Lesniak, Yates, Goldhaber and Richards,
1977; Krackardt, Blythe and McGrath; Mitchell, 1994; Kirke, 1996). 

A good many investigators have followed up on Moreno's practice of using variations in the shapes of points to call attention to
differences in actors' characteristics. In Figure 12 (shown below), for example, Northway (1940) reported the use of line drawings
of children's faces to distinguish boys from girls. And in Figure 14, Bock and Husain (1952) used the standard symbols for male
and female to make the same distinction. 

To this day, investigators continue to innovate by producing new ways to use variation in the shapes of points to communicate
important structural features of their data. An elaborate display was employed in a recent picture produced by Baird, D. J.
Luczkovich, and R. R. Christian. (1998). They studied the food web in the St. Marks National Wildlife Refuge, Apalachee Bay,
Florida and constructed an image of who eats whom in that community. Their picture is shown in Figure 6. They described the
structural pattern in these words:

The producer base of this sub-web shows shoal grass (Halodule wrightii); primary consumers shown are various species of
herbivores and detritivores including meiofauna (represented here by a harpacticoid copepod and a nematode), amphipods, and
polychaetes; secondary consumers shown are juvenile spot (Leiostomus xanthurus) and pinfish (Lagodon rhomboides); tertiary
consumer shown is the gulf flounder (Paralichthys albigutta). 

Although a good many investigators innovated in introducing new point shapes, a far more common concern has been with the
question of how to locate the points on the page. Moreno's idea (shown in Figure 4) of placing points in positions that map to their
actual locations in physical space has been widely used, particularly by rural sociologists and by geographers. 

In their study El Cerrito in rural New Mexico, for example, the sociologists Leonard and Loomis (1941) drew an image of various
kinds of visiting patterns as an overlay on a map of physical sites occupied by families. It is shown in Figure 7.
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Measuring tie-strength in virtual social networks / Petróczi, Nepusz, Bazsó
-61-

of 55 outgoing and 55 incoming edges). The adjacency matrix of the forum participants was sparse: of all

the 17030 possible edges 1147 were present (6.74%). The adjacency matrix of the subnetwork comprised

of those forum participants was also sparse, out of all 3080 possible edges 582 were present (18.90%).

Marsden and Campbell (1984) found closeness to be the best indicator of tie-strength (time spent together

and duration being good but contaminated indicators), whereas in Mathews et al. (1998), intimacy

appeared to be the most important factor explaining variability in tie-strength, followed by time, reciprocal

services and intensity. In our survey, questions related to explicitly stated friendship and mutual help

seemed to make the distinction between weak and strong ties.  Although the three measures cannot be

directly compared, it can be said that if mutual acknowledgment of the friendship is measured as the ratio

of reciprocated ties, it is most pronounced in the strongest tie group.

VALIDITY AND RELIABILITY

Values of the tie-strength measures using the developmental sample (N = 56) were used to create graphs

showing (Fig. 7) people’s relationships within the group.  Discrepancy in numbers is due to the way data

was collected. As we used aided recall, respondents were provided with the complete list of forum

participants (116), not only those who completed the questionnaire. 

Community structure was explored using the Markov Clustering method (van Dongen, 2000a,b). This

method discovers clusters by simulating a large amount of random walks on the directed edges of the

graph. The main concept is based on the observation that random walks initiated from densely connected

clusters tend to remain in the same cluster. We used the original implementation of the author, available

as a separate software package under Debian Linux (http://micans.org/mcl/).

Freeman (1992) and his colleagues (1989) showed that people have a fairly accurate picture of their

immediate social world and their mental images about their group’s structure are closely corresponding

with observed interactions.  The mental process of creating a social map of this particular on-line group

was further assisted by the fact that – due to the nature of the discussion forums - large part of the

interaction among group members is visible to all. Therefore it is easier for individuals to correctly judge

other people’s relationships. Discussion with group members supported the results presented in a graph

thus provided evidence for validity of our measures. In general, participants agreed with their network

Figure 7 Left: Network structure revealed by Markov clustering based on tie-strength measures (Development

sample, Npairs = 3080). Clusters are coded with colours. Right:  Network structure based on tie-strength

measures (Test sample, Npairs = 240).

Blogs as Indicators of Relationships among US Cities / Lin, Halavias, Zhang -57-

Figure 3 shows the hyperlink network based on the centrality of each city node. Network density is a

measure of the relative number of connection, and it is ranged from 0 to 1. A fully connected network

has a density of 1. The density for blog hyperlink network is 0.0662, which indicates that the network

is far from highly interconnected.

Figure 3.  Blog networks based on centralities.

Cluster analysis

The dendrogram from the agglomerative hierarchical clustering is shown in Figure 4.  There is a large

cluster which consists of the major cities in the United States. 

Figure 4. Hierarchical clustering dendogram of 3-digit zip codes 

http://www.insna.org/indexConnect.html

http://www.insna.org/indexConnect.html
http://www.insna.org/indexConnect.html


Current SNA Approaches 
UCINET and Pajek

choose a 
metric

generate 
statistics

then 
visualize



Goals of SocialAction

• Replace cumbersome opportunistic exploration
  with systematic & flexible approaches

• Replace cascading menus & typed parameters 
  with dynamic queries & coordinated windows

• Provide task-relevant displays to reveal relationships



Design of SocialAction

• Coordinates statistical views with network views

• Integrates tabular rankings & scatterplots 
  with node-link diagrams

• Enables users to dynamically partition networks



Demo of SocialAction 1.0

• National Consortium for the Study of 
Terrorism And Responses to Terrorism 
(START)

• Compiling dataset of all known terrorist 
attacks (currently 70,000 over 27 years)

• Example: Network of attacks in 1996
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Coordinated views & rankings

Partition Find trends and more...
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Helping Users Make Sense of 
Social Networks:  A Workshop

Featured Keynote Speaker:
Marc Smith
 Senior Research Sociologist, Community Technologies Group, Microsoft Research

Noshir Contractor
 Director, Science of Networks in Communities Group, Univ. of Illinois-UC
Nathalie Henry
 Ph.D. Student, In Situ, INRIA France
Bruce Hoppe
 Founder of Connective Associates, Boston University
Gueorgi Kossinets
 Postdoctoral Researcher, Institute for the Social Sciences, Cornell University.
Adam Perer
 Ph.D. Candidate, Human-Computer Interaction Lab, University of Maryland
Ben Shneiderman
 Professor, Human-Computer Interaction Lab, University of Maryland
Frank van Ham
 Researcher, Visual Communications Lab, IBM Research

http://www.cs.umd.edu/hcil/sna-workshop/

June 1, 2007, University of Maryland
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