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Abstract

The aim of this paper is to explain principles of object oriented modeling in the scope of modeling dynamic social
networks. As such, the approach of object oriented modeling is advocated within the field of organizational research
that focuses on networks.

We provide a brief introduction into the field of social networks and present an overview of existing network
modcls and methods. Subsequently we introduce an clementary problem ficld in the social scicnces in gencral, and
in studies of organizational change and design in particular: the micro-macro link. We argue that the most appro-
priate way to handle this problem is the principle of methodological individualism. For social network analysis,
to contribute to this theoretical perspective, it should include an individual choice mechanism and become more
dynamically oriented. Subsequently, object oriented modeling is advocated as a tool to meet these requirements for
social network analysis. We show that characteristics of social systems that are emphasized in the methodological
individualistic approach have their direct equivalences in object oriented models. The link between the micro level
where actors act, and the macro level where phenomena occur as a consequence and cause of these actions, can be
modelled in a straightforward way.

Keywords: social networks, objected oriented modeling, dynamics

1 Introduction

Social networks play an important role in explaining social phenomena. A social network
consists of a set of units and the relationships among them. The units are usually called
the actors and can be persons, groups of persons, organizations, nations, and so forth. The
relationships among the units vary from friendship to advice-seeking, from kinship to influ-
ence, and from communication to membership, to mention only a few. As such, the network
structures may summarize political, economic, behavioral, and social systems of any kind
and thereby represent for example personal networks, informal and formal networks within
organizations, or interorganizational networks. They are studied in a broad varicty of ap-
plications, some of them to be found in Holland and Leinhardt (1979), Knoke and Kuklin-
ski (1982), Wellman and Berkowitz (1988), and Weesie and Flap (1990). Wasserman and
Galaskiewicz (1994) and Nohria and Eccles (1992) provide an overview of applications of
network analysis in organization studies.
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All elemeats of a social network (units, relationships, and the network itself) have spe-
cific properties and yet are highly interdependent. In the research field of social networks,
on the whole, the ‘pattern’ or ‘structure’ of relationships among the units is analyzed. Sub-
sequently, it is used to solely describe features of the total network or to explain behavior
of the units in the network and as a consequence explain social phenomena. Today, social
network analysis is a well established approach with a variety of applications that makes
use of a broad range of theoretical foundations and methodological techniques that stimu-
late developments in each other’s direction. Theoretical basics can be found in Berkowitz
(1982), Burt (1982), and Scott (1991). Methodological principles are given in Freeman et
al. (1989), Harary et al. (1965), and Wasserman and Faust (1994).

Within the scope of this paper we focus only on so-called total or whole networks.! Con-
cepts, tools, and measures have been developed to define and calculate a variety of in-
teresting aspects of social networks. In general these characterizations concern structure
or composition. Structure refers to the agglomeration of relationships in the network and
thereby mainly describes what happens between pairs of individuals. The composition of
a network describes the overall picture of (constant or time-varying) actor characteristics,
such as age and gender for individuals, and size and type of business for organizations as
actors. When the pattern of relationships, structure, is studied, a number of different struc-
tural parameters is available. Frequently, the parameters are used to describe the network
structure per se (Sprenger and Stokman 1989). More complex studies employ the structural
properties as relevant factors in explaining behavior of the units that belong to the network.
Then, differences and similarities in the positions (or roles) of individuals in the network are
used to explain differences and correspondences of the behavior, well-being or functional
ability of these individuals. So-called structurally equivalent individuals for example, are
individuals that have the same relations with the same others. They are generally assumed to
behave or to be influenced in the same way. Positions in a network may also indicate special
capacities for coordination in the social system (managers within an organization usually
have typical relations with specific others, and thereby a managerial function). Other struc-
tural features, for instance relational properties like subgroup membership, are also used in
the explanation of individual behavior or attribute values. Subgroups with many internal
relations are frequently used to indicate homogeneous attitude groups with strong internal
influence mechanisms. Other types of research focus on the effects of network structure on
outcomes at a more global level, such as the diffusion of information or diseases, and the
outcomes of decision making processes.

As shown above, in most studies the network is assumed to be given, not varying, and
the effect of structure on the individual is the focal point of investigation. Research has
seldom been conducted on processes in the opposite direction, i.e. the evolution of network
structure as a result of individual behavior. The main aim of the present paper is to show
how object-oriented modeling of social networks can give a new impetus to social network
analysis by focusing on these kinds of dynamic processes.

An overview of the present main analytic perspectives in social network analysis will
first be given in Section 2. In Section 3 we argue that social networks play a double role
in micro-macro transformations. The network as the macro level constrains the behavior
of the units at the micro level, but is also the result of these individual actions. In order
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to model this phenomenon of mutual dependence properly, the models of Section 2 do not
fulfil, and a dynamic, actor oriented approach to social network analysis is required, which
is advocated in Section 4. Throughout the paper we use a simple example for illustration,
but also briefly present a number of other studies, in which the approach presented here,
has been or is applicd. In Section 5 we summarize the message of this paper.

2 Main Analytic Perspectives In Social Network Analysis

Social network analysis draws on a variety of both sociological and non-sociological the-
ories. The main mathematical foundations underlying social network analysis are: graph
theory, matrix theory, probability theory, statistical and algebraic theories. Three types of
network representations dominate: the visual representation (sociogram), the sociometric
representation {adjacency matrix), and the algebraic representation (Harary 1969, Harary
et al. 1965). The former two are most common and presented in Figure 1: (a) and (c) show
sociograms, (b) and (d) show the corresponding adjacency matrices that are usually used
to calculate properties of the network. As mentioned in Section 1, different types of actors
(units) may exist among which various types of relationships can be present. In graph the-
ory these units are called vertices, points or nodes. The networks in Figure 1 consist of 5
nodes. Every row and column in the matrices of Figure 1b and Figure 1d correspond to a
node. Nodal properties of attributes can be denoted either next to the node or as possible
various different colors of the nodes. This is not depicted in Figure 1, but will be illustrated
in Section 3 when we introduce a simple example.

a b < d

Figure 1. Representations of graphs and digraphs

Relationships can be undirected or directed. Undirected relationships are unordered pairs
of nodes, and are called edges, lines, ties or simply relations. They are represented by regular
lines, such as the one between nodes 1 and 2 in Figure la. This is also represented by a 1 in
the cells (1,2) and (2,1) of the adjacency matrix in Figure 1b. When no relationship exists
between two nodes, this is represented by a O in the matrix. Relationships with oneself are
usually not allowed (zero diagonal). In case of undirected relations, the adjacency matrix
is always symmetric, and the representation of the set of nodes together with the set of
relations that exist between them is called the graph. Not only the absence or presence of
a relationships can be examined, but also whether the relationship is positive, neutral, or
negative (signed), ot strong or weak (valued). Accordingly different ways of graphical- and
matrix representations exist.
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Directed relations or choices are ordered pairs of nodes and are called arcs, directed lines,
ties, choices, or arrows. They are represented by arrows such as the one from node 3 to node
5 in Figure 1c. The corresponding adjacency matrix is not necessarily symmetric, and the
network is called a digraph.

Many analyses in social network applications are based on the so-called dyad and the
triad. A dyad is a subset of two actors and the (possible) ties between them. Dyads are more

relevant for digraphs than for graphs. In a digraph of N nodes, exactly (g’ ) dyads exist. Since

an arrow between two nodes can be present or absent in either of the two directions, a dyad
can be in the four different states presented in Figure 2.

O O] |00 |0 |&D

nult asymmetric asymmetric mutual

Figure 2. Different states of a dyad in a digraph

The dyad is, or the choices are, called mutual if the arrow is in both directions. Mutual
choices are also called reciprocated choices. The dyad is asymmetric if an arrow exists in
only one direction; such a choice is often referred to as an unreciprocated choice. If no arrow
exists in either direction, the dyad is called a null dyad. If the ordering of the nodes in the
dyad is ignored, three different states remain because the two asymmetric states can no
longer be distinguished.

Triads are relevant both for graphs and for digraphs. A triad is an unordered subset of
three nodes and the configuration of the set of all edges present between them. In a graph of

N nodes, (g’ ) triads exist. Since an edge between two nodes in a graph can be either absent or

present 23 different triad types exist. If the identity of the nodes is irrelevant, the remaining
4 possible triad types in an undirected graph are presented in Figure 3. The meaning of
transitivity will be explained shortly.

O

O O O

neutral neutral intransitive transitive

a b ¢ d

Figure 3. Different states of a triad in a graph

Both for dyads and triads, overall summaries exist that count the number of different dyad
or triad types. These summaries are called dyad census and triad census respectively (see
for example Holland and Leinhardt 1976, Wasserman and Faust 1994).

Present models to analyze, describe, and explain or predict social networks can be clas-
sified into two main categories: static models (Section 2.1) and dynamic models (Section
2.2).2 In recent social network literature, increasing emphasis has been given to dynamic
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network problems. Everybody recognizes that dynamics cannot be denied when studying
networks, but they are often ignored. An explanation is of course that complexity of the
models increases when time dependence of the process under consideration is recognized.
Static models, that do not consider change and assume that networks do not evolve over
time, are therefore often applied. Nevertheless, in many cases, these static models meet the
requirements of the user who wants descriptions of the network at a specific time point.

2.1 Static models

We distinguish the static models in descriptive and predictive or explanatory models. As
mentioned above, most static models are used to analyze or describe the structure of a net-
work at a certain time. A number of different computer programs is available for these pur-
poses, of which the majority can handle the models to be described below.? The descriptive
models can be distinguished in:

Centrality models : One of the very frequently used methods in social network analysis
is the identification of the most important or prominent actors in the network. It concerns
location in the network and has been referred to with a variety of definitions. In undirected
graphs, such important actors are called the central actors. In principle, centrality can be con-
sidered to measure something like ‘relative’ participation or involvement in ties. Three dif-
ferent definitions exist that are summarized by Freeman (1979): degree centrality measures
the relative number of other nodes a node is connected to; closeness centrality measures
overall distances to other nodes (Bavelas 1950, Leavit 1951, Beauchamp 1965); berween-
ness centrality measures strategic location between other nodes (Anthonisse 1971, Popping
1989). Recently developed approaches concern the definition of centrality for valued graphs
(Freeman et al. 1991) and the definition of Hage and Harary (1995).

Centrality in directed graphs has been referred to as prestige, status, rank, and popu-
larity. In directed graphs, actors are prestigious if they receive many choices or arcs, or
have a strategic location with respect to all possible connections in the network (Bonacich
1987, French 1956, Hoede 1978, Hubbell 1965, Katz 1953, Taylor 1969, White and Borgatti
1994). In organizational studies, correspondences and differences between such centrality
measures based on either formal or informal relations are interesting. Applications of cen-
trality measures, €.g. in the determination of power of actors within an organization, are to
be found in Nohria and Eccles (1992).

In contrast to actor level measures, network measures of centrality represent the vari-
ability or heterogeneity of actor centralities within the network. Such graph centrality
models enable the researcher to compare different networks in terms of their integration,
segregation, and centralization (Freeman 1979, Hoivik and Gleditsch 1975, Snijders 1981,
Baerveldt and Snijders 1994). Within a hierarchical network structure of an organization
for instance, actor centralities based on formal relations may be very heterogeneous.

Cohesion models: One of the other major activities of social network analysts is the
identification of cohesive subgroups within networks by the use of cohesion models. It
has been difficult to give precise definitions of such subgroups. The intuitive notion is gen-
erally very clear and captures that subgroups are sets of actors with relatively many, strong,
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positive, and frequent relations to each other in combination with relatively few rela-
tions to actors outside the subgroup. Such groups may emerge informally within specific
departments of an organization for example. The mathematical synonym of a subgroup
is much more difficult to define. As a result, many different definitions exist that focus
on different aspects of the cohesiveness of the group. These aspects are: mutuality of
relations and relations to all other group members (e.g. clique (Luce and Perry 1949,
Alba 1973)); closeness or reachability of group members (e.g. n-clique, n-clan and n-club
(Mokken 1979) and component); frequency of relations (e.g. k-plex and k-core (Seidman
and Foster 1978, Seidman 1983)); relative frequency of relations between group members
compared to non-group members (e.g. LS set, lambda-set (Seidman 1983, Borgatti et al
1990)). Overviews of the use of such cohesion models in sociological network applica-
tions and the different definitions are given by Frank (1995), Freeman (1992), and Zeg-
gelink (1993).

Equivalence and similarity models: These models detect actors and subsets of actors with
comparable positions in the same network. Comparability can be defined as correspondence
in pattern of relations. The earliest definition of equivalence is structural equivalence and
stems from Lorrain and White (1971) and White et al. (1976). Structural equivalence criteria
detect nodes in a network or in networks who have exactly the same relations with exactly
the same others. Later extensions emphasize the similarity of positions based on the same
relations not with the same others, but comparable others (e.g. similarity of positions across
organizations at the same hierarchical level). Summaries of these mainly algebraic methods
can be found in Faust (1988), Faust and Wasserman (1992), and Pattison (1988). More
sophisticated applications of algebra in social network analysis are to be found in Boyd
(1991) and Pattison (1993).4

Models of structural holes: Models of structural holes detect positions in networks that
provide strategic advantages for its occupants for positive network changes (Burt 1992).
Structural holes are associated with unique information from linking different subgroups in
organizations, providing extra opportunity for new solutions and promotion.

Balance models: The best known predictive static models exist in the framework of
classical structural balance theory (Heider 1958). Balance theory focuses mainly on re-
lationships in a triad, and extends conclusions to the level of the whole network. Signed
graphs are considered, where the sign of a relationship either denotes whether it is positive
or negative, or denotes presence or absence of the tie. A triad is called balanced, if all
three relations are positive or if two are negative and one positive, i.e. if the product of
signs of the three relations is positive. Balanced triads are assumed to produce cognitive
balance for triad members, unbalanced triads give cognitive dissonance (e.g. because the
two friends of one of the triad’s members do not like each other). The earlier generalizations
to more than three entities are introduced by Cartwright & Harary (1956). Davis (1963)
uses balance theory to explain the tendency for social groups to become balanced: friends
of friends will become friends, enemies of enemies will become friends, enemies of friends
and friends of enemies will become enemies. The network will polarize into two different
subgroups within which the relations are solely positive and between which the relations are
negative.” Davis (1967) subsequently introduces clustering, a general type of balancing,
allowing for multiple, rather than two, clusters. Translated into sociological terms it means
that all people who like each other are in the same subgroup, and all who dislike each other
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ar¢ in diffovent subproups. lu ddapted versions of the theory, digraplis bécome relevant.
Mutual, asymmetsic, and nudl dyads come into play. and tiads in patticular play 2. very
wnporant role. tn the rasded-chester model, all asymmaric choices are betwaen clusters,
and al} mutuzl choices are within clustess. The asymmenie choices establisk a hierarchy
(Davis & Leinhards 197 3. The final most general model captuses strict balance, clustering,
as well as ranking of the previous modei versions (Helland & Leiohardt £971, 1972), and
is exwended by Hallinan (14743, These latter models: are alse called fransitivity mocels.
A triad (‘Onsﬁtmg of 1, j, and X s wansitive if the existerce of a relation between 1 and
J. and between j and k. implies a refation between 1 and k. This is iltusteated in. Figwee
3, ‘Triads {a) and (h) are nevtral triads because the condirtons are not valid. Triad ) is
intansitive hecause the relationships batween two pairs of the triad do not imply the third
relationship. Triad {(d) is transitive, Trarsitivity is such 3 pruninent steactiral praperty in
social notwork datd that many methods actoally focns on finding remaining stractory in the
duty after having removed transitivity tendencies; Johnsen's models (1986, 1989) mnore of
toss captore adt these miodels, but also predict other strictures that cannot be predicted in
the balanen: tramework,

Ag piosented above, Balance theory can best be appiied i smsfl nstworks. and as such
‘has been impottant in sociological, social psychefogical, and anthropological applications,
mainly becsuse 1t is so apprapriate for sentiment selations. Tt is less appropriate to o used
ins weonomic vr political contexss.

Statistical models: Statistical models provide useful statistics to sumarize important as-
prets of network structure and are ysed o test theoretical propositions abont social network
struchures. They can be distinguished in individual, relational and structural analyses and
stally cannot handiz these diffesent tevels simultancousfy because independence beiween
the individuil units is assumed.® Querviews are given in Frank (1991) and Wasserman and
Faust {1994), The models: are generally based on probability disteibutions of subgraphs, in
zeneral the dvad and the trisd consus. Thy' dyvad census can be nsed to test the presence of
rectprocity offects in the network (Holland and. Leinhardt 1976, Saijders 1991). whereds
‘the triad cetsos can be vsed fo statistically test halance {iransilivity’) models {Holland and
Leinhardt 1970, 1975, Snijders and Stokmzn 1987). Other statistical models (so-catfed py-
madels) estimate individual activity and attraction effev, and reciprocity eftecty from the
overall picture of dyad states (Figure 2) {anong others: Fienberp and Wasserman 1981,
Holland and Léinhardt 1981, Wisserman and Weavet 1983, Wong 1987, Sttaiss anid keda
19940y, The py-mudel (Vian Duijn 19953 reformulates the py -—-modet by exphmtly taking inte
account the dependencies between ties ip # dyad. The mode} furthermere allows for random
affects and the use of actor covariates. The model has recently been applicd to examine the
Inflvence of format structure of an pfganization (fike stratificstion and sentority aspects 2ad
iffice: membership) on interactions, such as advice soeking, among s members {Lazega
angd Van Duijn 1996),

2:2 Dvnamic moedeis

In the Seventies, much attention was paid to the devejopsment of models that coufd study
networks over tiwme. The myjonty of these models, both deterministic and stochastic,






















































