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Developing network models that allow for simultaneous
analysis of actor attributes and network relational structure
provides a challenge for network researchers. Such models
would allow one to look at the characteristics of actors and
partners in a network and at the patterns of social relations
at the same time. In this paper, we show how recent
developments in the statistical analysis of categorical data can
be used to analyze the structure and composition of a wide
variety of network or relational data. The techniques we use
are canonical analysis and its relative, correspondence analysis.
Both are methods for studying two-way cross-classifications
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that several researchers have recently applied to network data.
We have found that these techniques allow network analysts
to easily study aspects of social structure that, until recently,
have been too difficult because of the reliance on “heavy”
computational methods. We begin with an overview of network
data sets and then show how such data can be organized into
a special two-dimensional patterned matrix. We then present
the canonical analysis model and show how it can be applied
to the network pattern matrices, which highlight the relationship
between actor and dyad attributes (the network composition)
and relational structure. Canonical analysis allows us to test
hypotheses about several interesting types of relationships,
including associations among actor and partner characteristics,
actor/partner attributes (i.e. network composition) and
relational patterns (i.e. network structure), and multiple
relations.

The focus of this paper is on social network data, which give
measurements on the actors and relations of a network. We will
present models designed to study several interesting social network
hypotheses that are not easily investigated using other approaches.
Our models focus on the association between actor characteristics
(network composition) and the strengths and patterns of social
relationships (network structure). Hypotheses about the association
between these two kinds of variables are of great interest to social
networkers looking either at the impact of network structure on
outcome measures pertaining to individuals or at the influence of
individual characteristics on the development of network structure.
These research questions require the incorporation of variables on
both network structure and composition into a single model. The
models that we will describe here also allow the researcher to test
statistical hypotheses about network structure.

We will discuss a variety of network data sets and will present
a unified approach to the analysis of network data. The approach
is based on a canonical analysis of a special two-way array
constructed from the network data. First, we give an overview of
the variety of network data sets, so that the reader can appreciate
how diverse network studies can be. Following this overview, we
will discuss how to construct a network pattern matrix, the two-
dimensional matrix that highlights the relationship between the
dyads, or pairs of network actors, the information that may be
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measured on the actors themselves, and the rclational information
that is measured on the dyads. The statistical technique that we
will then apply to these design matrices will be described at length,
and we will illustrate it with several examples.

1. NETWORK DATA

Network data sets can contain a variety of information, but
at a minimum, the data set must consist of a set of actors or nodes
(to use the graph-theoretic network perspective) who send and
receive relational information to and from the other actors. The
classic network data set contains a square sociomatrix, which gives
information on whether each of the g actors in the network “send
relational information to” (or simply “choose™) the other (g—1)
actors. For example, a network may exist among a set of major
publicly held corporations in a large metropolitan area. We may
have information on whether a specific corporation purchases goods
or services from any of the other corporations, and we may record
this transaction as a binary variable: X;; = 1, if corporation i has
a business transaction with corporation j, and 0, otherwise. Such a
sociomatrix is a gxg binary array, with zeros along the diagonal
(since it is conventional to ignore intra-actor information). Many
methodologists have developed mathematical and statistical tech-
niques to study such data sets. There is a very rich literature of
methods for square, binary sociomatrices. Much of this literature
has appeared in the serial Sociological Methodology (Holland and
Leinhardt 1975; Schwartz 1976; Bonacich 1977; Erickson 1978;
Bonacich and McConaghy 1979; Wasserman 1979; Fienberg and
Wasserman 1981; Frank 1981; Winship and Mandel 1983; Wu 1983;
Mizruchi et al. 1986). It will be convenient to view these methods
as basically of three types: graph-theoretic (Harary, Norman, and
Cartwright 1965), relational or algebraic (see Wu 1983 and Winship
and Mandel 1983 for thorough reviews), and statistical (e.g.,
Holland and Leinhardt 1975; Fienberg and Wasserman 1981; see
also the review by Frank 1981). Our focus here is on statistical
methods, but our goals are quite similar to those researchers
employing either the algebraic or the graph-theoretic approaches:
Specifically, we search for the social structure of the network by
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looking for cliques or blocks of equivalent actors and by understand-
ing the associations among the measured relations. Our approach
moves considerably beyond the description of social structure by
incorporating characteristics of network actors into derived data
condensations designed to summarize the inherent structure of the
network. Further, our approach works in the reverse too: These
methods allow social structural patterns to explain variation in actor
characteristics.

We are primarily interested in network data sets that contain
more information than just a single relation existing among a single
set of g actors. We might have more than a single relational variable.
Or we may have information about the actors themselves. For
example, our corporations may not only have business transactions
with each other but also send information or exchange officers to
serve on each other’s board of directors. Each of these relations
may be coded into a sociomatrix. If there are R measured binary
relations, then we will let X; denote the ith sociomatrix, and we
will define X as the super-sociomatrix, of size gXgXR, containing
the R two-dimensional sociomatrices as its layers. Multirelational
data sets, consisting of the information in X, can be effectively
analyzed with the blockmodeling techniques of White, Boorman,
and Breiger (1976) and Breiger, Boorman, and Arabie (1975), with
the statistical methods of Fienberg, Meyer, and Wasserman (1985),
Wasserman (1987), and Iacobucci and Wasserman (1987), or perhaps
even with the stochastic blockmodeling methods of Holland, Laskey,
and Leinhardt (1983), Wasserman and Anderson (1987), and Wang
and Wong (1987), which combine the first two approaches. One
interesting type of multirelational network data set considers the
relations as different realizations of a longitudinal network process,
evolving over time. For example, we could record money transactions
among the corporations for 1980, 1984, and 1988 and define X as
the gxgX3 super-sociomatrix containing this sequentially measured
relation (see lacobucci and Wasserman 1988; Wasserman and
Tacobucci 1988).

Network data sets may contain information on transactions
or flows from one set of actors to a second, completely different
set. The first set of actors, the senders, which we will label 4,
consists of actors that are defined to send relational information to
a second set of actors, ¥, containing the receivers. The receivers,
because of the nature of the relational variables measured in the
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data set, cannot send information to either the senders or other
receivers. Wasserman, Faust, and Galaskiewicz (1989) refer to such
networks as two-mode, since the row actors (the first mode) in the
sociomatrix are not the same as the column actors (the second
mode). Specifically, with a single relational variable, we define X
= 1 if actor i € % “relates to™” actor j € ¥, and 0 otherwise.
Assuming that set 9 contains g actors and that set ¥ contains h
actors, the sociomatrix X is of size gxh. It will be rectangular,
rather than square, if g#h. Such matrices and their super-sociomatrix
generalizations (if more than one relational variable is measured
from the actors in 9§ to the actors in ¥) require sophisticated,
nonstandard analytical methods. A good example can be found in
Galaskiewicz (1987) and Galaskiewicz and Wasserman (1988),
who studied how the corporations in the Minneapolis/St. Paul
metropolitan area supported the nonprofit organizations in the area.
The relational variables in their study (gathered by Galaskiewicz
1985) were the levels of monetary donations (coded to be discrete,
on a scale from 1 to 9, rather than binary) for 1980 and 1984. The
first mode of their two sociomatrices consisted of 96 corporations,
and the second mode, 175 nonprofit organizations. This example
also illustrates that one can study nonbinary, but still discrete
(noncontinuous), relational variables using methods first proposed
by Wasserman and Iacobucci (1986). Clearly, one or more of the
relational variables can be discrete-valued in multirelational network
data sets.

Lastly, one can have information consisting of actor or dyadic
characteristics, i.e., nonrelational information in network data sets.
In fact, such variables are standard social and behavioral science
fare and are usually organized into familiar n (actors or subjects or
units) by p (variables) arrays. For example, we may have information
about the corporations, such as their size, influence in the
community, profitability (as measured by reported pre-tax income),
etc. Or we may be studying a collection of married couples and
how well the spouses in a couple communicate with each other. If
we also study couples that are in marital “difficulty,” then we could
easily measure a variable for dyadic marital satisfaction. Note that
such a variable is a function of the couple rather than one of the
spouses. This would produce a binary dyadic rather than actor
attribute variable.

Social network analysis differs from the standard actor-by-



