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CORRELATION AND
ASSOCIATION MODELS FOR
STUDYING MEASUREMENTS ON
ORDINAL RELATIONS

Katherine Faust*
Stanley Wasserman'

This paper describes and illustrates correlation models (corre-
spondence analysis and canonical correlation analysis) and as-
sociation models for studying the order and spacing of catego-
ries of ordinal relational variables. Both correlation models
and association models study departures from independence in
two-way contingency tables. One result of fitting these models
is the possibility of assignment of scores to the categories of the
row and/or the column variables to reflect the relative spacing
of these categories. If the model fitting is done using statistical
procedures, then restricted versions of these models allow one
to test hypotheses about the spacing, linearity, or equality of the
categories. Correlation and association models are especially
useful for studying discrete ordinal variables, which arise quite
frequently in the social and behavioral sciences.

We illustrate correlation and association models using
two empirical examples in which respondents used ordered
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categories to rate the strength of their liking for, or acquain-
tance with, others in a social network. In this paper we describe
how to use both correlation models and association models to
test specific hypotheses about the spacing of these response
categories.

1. INTRODUCTION

This paper describes and illustrates correlation and association mod-
els for studying the order and spacing of categories on ordinal rela-
tional variables. Both correlation and association models study the
nature and strength of the relationship between rows and columns in a
contingency table. Correlation models (including correspondence
analysis and canonical correlation models) and association models
have been the focus of considerable research in the last decade or so
(Anderson 1992; Becker and Clogg 1989; Becker 1990; Bockenholt
and Bockenholt 1990; Clogg 19824, 1982b, 1986; Gilula 1986; Gilula
and Haberman 1986, 1988; Goodman 1979, 1981a, 19815b, 1985, 1986,
1991; Greenacre 1984; Haberman 1981; Nishisato 1980; van der
Heijden and de Leeuw 1985, 1989; van der Heijden and Meijerink
1989).

Correlation and association models both study departures from
independence in contingency tables; however, the models differ in
how they measure the strength and nature of the relationship between
the rows and columns. Correlation models focus on departures from
independence using the correlations between row categories and col-
umn categories. Both correspondence analysis and canonical correla-
tion analysis are often referred to as correlation models. Alternatively,
one could study departure from independence using other measures
of the relationship between rows and columns, such as odd ratios for
two-by-two subtables in a two-way cross-classification. Such models
are referred to as association models. We describe both correlation
and association models in detail below.

Correlation models and association models involve the assign-
ment of scores to the categories of the row and column variables in
order to maximize the relevant measure of relationship (the correla-
tion coefficient in the correlation models or the measure of intrinsic
association in association models). One can then use the scores per-
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taining to the row or column categories to study the order and spacing
of these categories. Both models are especially interesting when the
row and/or column variables are ordinal. A few examples of substan-
tive problems for which these models have been used to study ordinal
variables include: measures of well-being or happiness (Clogg 1982a,
1982b; Goodman 1985, 1986) attitudes toward treatment of criminals
(Clogg 1982b), socioeconomic status (Goodman 1985; 1991), and lev-
els of donations from corporations to not-for-profit agencies (Wasser-
man, Faust, and Galaskiewicz 1990).

Restricted versions of correlation and association models
place constraints on the values of the scores assigned to the row and/
or the column categories. If the model fitting is done using statistical
procedures, one can then use the restricted models to test specific
hypotheses about the dimensionality of the solution (the number of
sets of scores needed), and about the spacing of row and/or column
categories (such as their equality, uniform spacing, or other a priori
spacing).

In this paper we describe and illustrate both correlation mod-
els and association models, including versions of these models that
place restrictions on the scores for the row and/or column categories.
The specific problem that we focus on is the assignment of scores to
peoples’ ratings of the strength of their acquaintance or friendship
with others in a social network. The goal is to use models of correla-
tion and association to study the order, spacing and equality of re-
sponse categories that respondents use to indicate their degree of
acquaintance or friendship. We use two social network data sets: one
on observed and reported interactions among members of a frater-
nity (Bernard, Killworth, and Sailer 1979-80) and the second on
friendship and message sending among members of a computer net-
work (S. Freeman and L. Freeman 1979; L. Freeman and S. Free-
man 1980; L. Freeman 1986). In both cases we use the measures of
interactions among people as predictors of the strength of their
friendship or acquaintance. We conclude the paper with a general
comparison of correlation and association models.

Our illustrations use the specific example of ordered relational
variables measuring the strength of ties among actors in a social
network. However, it is important to note that the correlation and
association models described here are applicable to any two-way
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contingency table of counts or frequencies, not just to social network
data. We begin by describing our application before moving on to a
discussion of the models.

2. ORDERED RELATIONAL VARIABLES

In recent decades social network analysis has become widely accepted
as an approach for modeling social systems as collections of relational
ties linking actors. The actors in the network are social units (such as
people, nations, corporations, and so on), and the relational ties are
substantive connections among the actors (such as friendships among
people, imports and exports among nations, or interlocking boards of
directors among corporations). The ties among actors may have val-
ues or strengths indicating the intensity, frequency, closeness, or
amount of the relational tie between a pair of actors. Valued relational
variables are almost always discrete and are often measured on an
ordinal scale.

When actors are people in a group, relational ties can be
measured by having people evaluate the strength of their ties to
others within the group. An important question is how the various
responses people give in evaluating the strength of their relational
ties to others indicate the relative intensity of the relational ties. In
this paper we describe models for studying these responses directly.

Researchers have considered the strength of network ties from
several perspectives. Authors such as Granovetter (1973), Winship
(1977), and more recently Freeman (1992), among others, consider
the implications of the distribution of strong and weak ties for social
structural patterns and processes. Other authors, notably Marsden
and Campbell (1984) and Friedkin (1990) have considered factors
that influence whether strong versus weak ties will occur between
people. Relatively less attention has been paid to studying the
strength of ties directly (however, see Burt and Guilarte 1986). In
this paper we take this third perspective, by proposing and illustrat-
ing models to assign scores to categories of tie strength so that we can
study directly the strength of relational ties.

Granovetter (1973) was among the first to discuss the theoreti-
cal importance of tie strength, distinguishing between strong, weak,
and absent ties. He argued that
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The strength of a tie is a (probably linear) com-
bination of the amount of time, the emotional inten-
sity, the intimacy (mutual confiding), and the recipro-
cal services which characterize the tie. (1973, p. 348)

Granovetter also discussed the implications of tie strength for social
structural processes such as the diffusion of novel information and
community integration. Following the arguments of Granovetter,
certain patterns of strong and weak ties are permitted, or forbidden
within a network. For example, if actor i has a strong tie to actor j,
and actor j in turn has a strong tie to actor k, then the tie from actor {
to actor k should not be absent. Freeman (1992) argues that one way
to determine which level of tie is strong versus weak is to describe
properties of networks that hold at each level of a valued relation.
Theoretically important properties (for example, transitivity) should
hold for strong ties but not necessarily for weak ties.

In their discussion of how to measure the strength of relational
ties, Marsden and Campbell (1984) distinguish between indicators
and predictors of tie strength. Indicators are “actual components of
tie strength” (p. 485) as specified by Granovetter, whereas predictors
are variables such as context and attribute similarity that are related
to the strength of ties. Friedkin (1990) argues that components of tie
strength (discussion, seeking help, and friendship) form a Guttman
scale, rather than an additive function (as argued by Granovetter) in
that “the claim of friendship implies the claims of help seeking and
frequent discussion; the claim of help seeking implies the claim of
frequent discussion” (p. 250).

Few studies have focused directly on the strength of relational
ties linking pairs of individuals. A notable exception is Burt and
Guilarte (1986), who studied tie strength in the General Social Sur-
vey ego-centered network data by looking at reported properties of
ties from respondent to the alters named, and among pairs of alters
named by the respondent. In these data, respondents evaluated the
relational tie between each pair of alters named as “especially close,”
“acquainted,” or “strangers.”

Burt and Guilarte (1986) propose that response categories
indicating the strength of relational ties can be scaled by considering
how the probability of a given level of a second variable changes



