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ABSTRACT

The existence of an actor as a set of asymmetric relations to and from every actor in a
network of relations is specified as the position of the actor in the network. Conditions of
strong versus weak structural equivalence of actor positions in a network are defined.
Network structure is characterized in terms of structurally nonequivalent, jointly occupied,
network positions located in-the observed network. The social distances of actors from
network positions are specified as unobserved variables in structural equation models in order
to extend the analysis of networks into the etiology and consequences of network structure.

We are each nested in a cacophony of relations with other actors in society. These
relations serve to define our existence in society. We are who we are as a function of
our relations to and from other actors in society. With the growth of technology and
its concomitant division of labor, the determination of actors in society as a function
of their relations with other actors is likely to increase rather than decrease. The
problem for the social scientist then becomes one of conceptualizing the patterns of
relations between an actor and the social system in which he exists in a manner
optimally suited to explanation.

Within the total set of all relations which link an actor to other actors in a
social system, there are subsets of similar relations. There are economic relations
linking the actor to specific other actors. There are relations of friendship, relations
of kinship, and relations of status. There are political relations linking the actor to
other actors. The list has no end. Each of these types of relations among actors in a
social system serves to define a network of relations among the actors. This paper
elaborates a conceptualization of networks of relations among actors in a system
which simultaneously captures the basic characteristics of the structure in an
observed network of relations and easily lends itself to the investigation of the
etiology and consequences of that structure through the use of structural equation
models.

The central idea in the conceptualization is that of a position in a network,
the specified set of relations to and from each actor in a system. The extent to which
two actors jointly occupy the same network position is treated as the social distance
between them and is specified as a scalar value. Two or more actors jointly occupy
the same network position when they have similar relations to and from each actor
in the network. Actors jointly occupying the same network position are discussed as
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being structurally equivalent in Section 2 and definitions of strong versus weak
equivalence are specified then illustrated. Based on the discussion in Sections 1 and
2, Section 3 proposes that the structure in an observed network exists as a pattern of
relations among M + 1 sets of actors who together form the system of actors being
considered. The M sets of actors are each composed of multiple actors who jointly
occupy structurally equivalent positions in the network. Actors in different sets
occupy structurally nonequivalent positions. The M jointly occupied positions exist
as four elementary types of network positions outlined in Section 3. The remaining
set is a residual category of actors among whom there is no network position
occupied by more than two actors. Sections 2 and 3 describe, primarily, the
structure in an observed network of relations. Section 4 moves ahead by specifying
network positions in structural equation models as unobserved variables in order to
investigate the etiology and consequences of occupying different types of positions
in different types of networks.

SOCIAL DISTANCE AND ACTORS AS POSITIONS IN NETWORKS

Given a system composed of N actors and one or more networks of relations among
the actors, there are two perspectives from which the intensity of relation between
two actors within a single network can be viewed: (1) from the perspective of the
two actors as a dyad which is only secondarily associated with the overall network,
or (2) from the perspective of the two actors as elements of the overall network. The
former can be discussed in terms of an asymmetric individual distance from one
actor to another. The latter can be discussed in terms of a symmetric social distance
between the two actors in terms of their respective positions in the network.

Let Id;; be the individual distance from actor i to actor j where Id;; can be
operationalized as any of a variety of measures of the directed, asymmetric relation
from i toward j qua individual entities such as: (1) a measure of the difference
between a profile of characteristics of i (e.g., i’s values, socioeconomic characteris-
tics, or aspirations), and i’s perception of actor j’s profile on the same characteris-
tics; (2) a measure of the co-occurrence of actors i and j in archival records where j
initiates action while i is the object of action;2 (3) the presence or absence of a
sociometric choice link from actor { to actor j;*> (4) the minimum number of
sociometric choice links required for actor i to reach actor j;* (5) the minimum
weighted sociometric choice link distance required for actor i to reach actor j;®
(6) the normalized minimum number of sociometric choice links required for actor i
to reach actor j.® Although the six operationalizations of individual distance do not
measure the same qualitative idea, they all reflect an intensity of relationship from
one actor toward another as a dyad, a pair, of actors. The other N — 2 actors in the
network are ignored except in the last three operationalizations which consider only
as many other actors as are necessary to complete a chain of sociometric choice
links from actor i to actor j.”

When two actors exist in a network with several additional actors, an
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integral aspect of the intensity of relationship between them consists of their
different relationships with each of the other actors in the network (see research on
reference group influence on individual perception, e.g., Tajfel; and research on the
motivation of actors to avoid dissonant situations by maintaining balanced social
relations, e.g., references in note 10). For example, if one actor is a member of a
clique which excludes the other actor, then they will have a greater social distance
between them than they would if both actors were members of the same clique—
even if the individual distances between them were the same under both circum-
stances. Further, the distance between the two actors would be larger still if each
actor were a member of a clique which excluded the other actor.

For each of the N(N — 1) asymmetric relations between pairs of actors in
the system, there is a value of Id;; (assume Idy; equals 0). An (N by N) matrix of
individual distances among the actors can therefore be assembled. Let ID,, refer to
this matrix. Consider the ith row and column vectors of this (N by N) matrix. The
row vector contains N elements which describe actor i’s relation toward every actor
in the network. The column vector conatins N elements which describe the relations
of every actor in the network toward actor i. Together the ith row vector and ith
column vector in 1D,, completely describe the relationships of actor i with the
actors in the network. If the two vectors are combined into a single (2N by 1) vector
(N elements from 1Dy, and N elements from 1D,;), the new vector, ID;*, can be
discussed as the structural location of actor i in the network. ID;* is the ‘‘position’’
of actor i within the network being analyzed. 1D;* defines actor i in terms of his
relations to all other actors in the system as they are present in the network being
analyzed.

Conceptualizing two actors solely as elements in a network, the social
distance between them can be given as the distance between their respective
network positions. Such a distance has a simple interpretation geometrically as the
Euclidean distance between the actors i and j where actor i is defined by ID;* and
actor j is defined by ID;*. The social distance between actors i and j can therefore

_be given as the square root of the sum of squared differences between corresponding
elements of ID;* and ID;*:8

dy=dy =V [V — 1) + SV (I — Idgp)? — 1,2 — 1d;2],  (1a)
=V [(ID* — ID;*)" (IDy* — ID;*) — Id;;2 — Id;2]. (1b)

In contrast to the operationalizations of individual distance, social distance
is a symmetric measure (i.e., d;; = dj).® Further, although alternative operationali-
zations of individual distance can vary across research applications, the specification
of equation (1) is invariant since social distance only has nominal meaning.? It is
defined in terms of logic without reference to empirical information and therefore
generalizes to any empirical situation. Social distance derives empirical meaning
from whichever operationalization of individual distance is selected. (See Hempel’s
a, 654-66; b, 101-2, 197-213 discussion of empirical versus nominal meaning and
Braithwaite’s, 50-2, 79-84 related discussion of direct versus indirect meaning).
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STRUCTURALLY EQUIVALENT POSITIONS IN A NETWORK

Actor j’s position in a network is defined by ID;*, the (2N by 1) vector of individual
distances from actor j to each of the N actors and from each of the N actors to actor
Jj. Given that actors have different relations with one another as a function of their
interests in each others’ resources such as finances, prestige, and charm, it is to be
expected that positions of actors in a network will be differentially similar to one
another. Two actors occupy the same position in a network when they have the same
relations to and from each actor in the network. Such a pair of actors can be
discussed as occupying structurally equivalent positions in the network. More
generally, a set of actors can be discussed as occupying structurally equivalent
network positions when their relations with all actors in the network are identical
so that:

IDl* = ID]* = IDk*, (23)

which means that actors i, j and k occupy structurally equivalent positions in a
network when the social distances among them equal zero:

dij = dik = djk =0. (2b)

Since it requires that every element of ID;* and ID;* be identical if actors i and j are
to be discussed as structurally equivalent, equation (2) is a definition of strong
structural equivalence 1!

When dealing with actual networks of relations, the strong definition of
equivalence has little utility since there are likely to be minor differences between
structurally equivalent positions due to sampling variability, errors of observation,
and/or theoretically trivial differences between actors. For applied research there-
fore, it is convenient to relax equation (2) to a weak definition of structural
equivalence. A weak definition of structural equivalence of actor positions asks that
d;;, the social distance between actors i and j, be less than some criterion distance
based on the distances among structurally nonequivalent positions in order for
actors i and j to be treated as occupying structurally equivalent positions. In other
words, actors 1 and j occupy structurally equivalent positions in a network under a
definition of weak equivalence when.:

ID;* =~ ID;*, (3a)
which can be stated as
dy<a, (3b)

where alpha is a criterion distance based on the distances among the structurally
nonequivalent positions in a network. The social distances among actors in struc-



