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Abstract. Social network analysis is a subdiscipline of the social sci-
ences using graph-theoretic concepts to understand and explain social
structure. We describe the main issues in social network analysis. General
principles are laid out for visualizing network data in a way that conveys
structural information relevant to specific research questions. Based on
these innovative graph drawing techniques integrating the analysis and
visualization of social networks are introduced.

1 Introduction

Soctal Network Analysis is a subdiscipline of the social scicnces using graph-
theoretic concepts ro describe. understand and explain. sometimes even predict
or design, social structure. It is focused on uncovering the patterning of people’s
mteraction and based on the intuitive notion that these patterns are important
features of the lives of the individuals who display them. Starting from social
sciences the study of social networks becane an interdisciplinary field. On one
hand. it is guided by formal theory organized in mathematical terms. on the other
hand gronnded in the systematic analvsis of empirical data. Network analvsis
s found important applications in organizational behavior, inter-organizational
relations, the spread of contagious discases. mental health, social support, the
diffusion of information and animal social organization.

Since the 1980s, a yearly international conference on social network analysis,
called SUNBELT is organized by the International Network for Social Network
Analysis, INSNA {1]. A comprehensive, though non-visual, tool for social network
analysis is UCINET {2]. For a comprehensive summary of social network analysis,
its levels of analvsis and its methodological tools see [241

Also applications such as the analysis of Web graphs, bibliographic data, or
financial data. often use similar or identical methods like in social network anal-
vsis. Recently. there is growing interest to understand the structure, dyvnamies
and evolution of the Internet and WWW  and this way social network analvsis
has been rediscovered in other felds. Especially physicists in the complex svs-
tenls commnunity are interested in the statistical mechanies ot complex networks.
The very general questions in complex systems are how nerworks emerge, what
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they look like, and how they cvolve. This includes networks from such diverse
areas as physics, biology, cconomics, ecology, and computer science. Modeling
networks as dynamical systems. network morphogenesis and self-organization,
as well as new graph theoretical aspects and network reconstruction from exper-
imental data are considered, [3], [4] and [5]. It seems that because of this new
emerging interest in networks at all graph theory and graph algorithms attract
increasing attention from other sciences [18]. [19].

In 1996, we began a cooperation with researchers from political science, aimed
at providing the methodology of social network analysis with tailor-made means
of antomated visualization. Given the importance of visualizations for scientific
development, it is astonishing how little attention the subject had received so far
in the analysis of social networks. One of the rarc exceptions is [21]. Even though
a fair amount of software has been available to facilitate graphical editing, and
even automatic layout of networks, the State of the Art that time seemed too
henristic to be satisfactory for supporting network analysis.

One of the hrst outcomes of our interdisciplinary cooperation was a survey of
visualization methods in use at that time [11]. In that paper, general principles
are laid out lor visualizing network data in a way that conveys structural infor-
mation relevant to specific rescarch questions. These general principles resulted
in innovative uses of graph drawing methods for social network visualization,
and prototypical implemeuntations thereof. With the growing demand for access
to these methods, we started implementing an integrated tool for public use, the
tool Visone [15]. ‘Lhe main application arca of Visone is a methodological approach
i the social sciences. Its usage is focused on graphs of sinall to medium size. As
an alternative especially for large graphs, we recommend to try Pajek [8].

2 Social Networks

A social network cousists of cutities such as persons, organizatious, or things,
that are linked by binary relations such as social relations, dependencies, or ex-
change. These relations may be directed or undirected, weighted or unweighted,
and weights, if present, may be interpreted as increasing or decreasing the tie be-
tweell the two entities. Since data is often gathered by means of questionnaires,
not even the existence of an cdge is a sure thing. T'he two respondents corre-
spondling to the end-vertices of a potential edge may have different perceptions
regarding the presence of a specific tvpe of tie between themn. 1t is a long-standing
debatc whether unconfirmed edges should be included in an analysis. Typically,
researchers decide to either treat unconfirmed edges like confirmed cdges, or to
exclude them completelv. A crucial feature in many studies is the interrelation
between the structure of a social network and the attributes of its elements.

We define a social network to be a labeled directed graph G = (V. E =
EcUEy:8.w). where Ee and Ey are disjoint sets of confirmed and wnconfirmed
edges, 0 : £ — [Rsq is a non-negative edge length, and w : £ — [R>o & non-
negative edge strength. A vertex or edge attribute is a (portial) function assigning
normanal or numericel values to vertices or edges.
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Although we cannot put anv restrictions on the class of graphs, typical ex-
amples from social seience projects are sparse. locally dense, and exhibit a small
average distance between pairs of vertices.

3 Analysis

The purpose of social network analysis is to identify himportant vertices, crucial
relationships, subgronps. roles. network characteristics, and so on, to answer
substantive questions about structures. There are three main levels of interest:
the elenment. group. and network level. On the clement level, one is interested
in properties (both absolute and relative) of single actors, links, or incidences.
Examples for this (ype of analvsis are bottleneck identification and structural
ranking of network itenis. On the group level, one is interested in classifying
the elements of a network and properties of subnetworks. Exaniples are actor
cquivalence classes and cluster identification. Finally, on the network level, one
1s iuterested in properties of the overall network such as connectivity or balance.

While we have an intuitive understancing what makes a vertex important or
central, there is no universally accepted definition of importance. Centrality of
a vertex mayv for example be measured according to the degree of that vertex,
its distance to all other vertices or the number of shortest paths between two
other vertices that contain the verrex itself. Similarly, there are different notions
of importance or status in a directed graph. We refer to [15] for an unification
and overview ol such indices. Stmilarly, mathematical terms that capture to
what extend networks tend to build clusters, like the clustering coefficient, or
how networks evolve, like the degree distribution, arc of interest [4]. Questions
regarding the overall structure ask for example to what extend the network
exhibits the small-world phenomenon 125].

Algorithmic aspects in network analvsis econcern the fast, computation of such
indices. Vertex indices are often easily computable in polvnomial time. However,
more efficient algorithims that are applicable also for large graphs as the fast
algorithm for betwecenness centrality presented in {9, are of increasing interest
in this context,

4 Visualization

In graph drawing algorithing are designed that try to produce what is often
termed an “aesthetic” visualization of a graph. In network analysis the demand
that visualizations are not misleading is maybe even more important. Hence
there are two obvious criteria for the quality of social network visnalizations:

1. Is the information manifest in the network represented accurately?
2. Is this information conveyed efticientlyv?

With these criteria in mind, the following three aspects should be carefully
thought through when creating network visualizations [L1]:

e e
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the substantive aspect the viewer is interested in,
— the design (i.e. the mapping of data to graphical variables), and
— the algorithm employed to realize the design (artifacts, efficiency, etc.).

j

Depending on the context, actors of high structural importance are inter-
preted as a being central or as having high status. With this substantive aspect
in mind, we designed visualizations that represent vertex indices by constrain-
ing vertex positions to fixed distances from the center or from the bottom of
the drawing, in either case depending linearly on the vertex index. Thesce ideas
have been further developed and applied in the following projects. We also refer
to [15] for a more detailed description and figures illustrating the results.

Drug Policy. This project [20] studies the presence of HIV-preventive measures
tor TV-drug nsers in nine selected German municipalities. The substantive ques-
tion underlying this research is, why municipalities with comparable problem
pressire differ significantly in the provision of HIV-preventive measures such as
methadone substitution or needle exchange. The policy networks under scrutiny
comprise all local arganizations directly or indirectly involved in the provision
of such measures. The actors included in the study were queried about relations
such as strategic collaboration, common activities. or informal communication
with other organizations in the same municipalitv. None of the networks has
more than 120 edges of the same type, and typically more than 50% of them are
nnconfirmed. In [12] a three-stage force-directed method for centrality layouts is
preseuted, and in [6] a simple, purely combinatorial algorithm is developed.

Industry Privatization. The second study (23] deals with networks of public,
societal and private organizations that developed during the privatization of in-
dustrial conglomerates in East Germany as part of the economic transforniation
after Gerinan unification in 1990. Their privatization is understood as political
bargaining processes between actors that are connected by ties such as exchange
of resources, command. or consideration of interest. T'he privatization was fore-
seen to be carried out by the Treuhandanstalt, a public agency of the federal
government. Due to its institutional position and its ownership of all companies,
it was generally assumed to be one of the most powerful actors in the trans-
formation of East Germany. As part of the analysis, status indices are used as
indicators for the power or influence of actors. In [14] a layered layout algorithm
is outlined that visually supports status analyses of networks. A refinement of
this algorithim uses the linear-tiine algorithin of [13] for coordinate assignment.

Topic Identification. Our third example illustrates the use of methods from
social network analysis in another domain, namely topic identification in texts
by centering resonance analysis [16]. The structure of texts is represcnted by
graphs that have a vertex for each word occurring in a noun phrase and an
edge for each pair of words that appear together in the same noun phrase or
consecuitively in the same sentence. It is argued that words corresponding to
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nodes with high betweenness centrality in such a graph are important tor the
structure of the text and thus a proxy for its topic. This method was applied
ro Reuters news dealing with the terrorist artacks of September [L 2001 .7 1o
identify, among other things. the main topics, tapie changes. side stories, ete. in
the news. Centrality visualizations can then be used to show for example the
niain topics identified for the very first day of media coverage.

5 Visone

T'he Visone software [15] is implemented in Co v using LEDAL the Library of
Efficient Data Types and Algorithms [22]. While the user interface is a cus
tomized version of LEDAs GraphWin class, all graph genceration, analysis, and
layout algorithins (except for LEDA's force-directed layout routine) have been
nnplemented from seratch.

Starting witl version 1.1, the main data format used in Visone will he the
XML sublanguage GraphML (Graph Markup Language) [10]. GraphML support
Is implemented in o LEDA extension package which will be niade available for
public use. [t will hence be possible to administer project files with several social
networks and anv niimber of attributes. Data atteibutes can be mapped freely
to graphical attributes like color, shape, and so on.
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