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1. Introduction
“This paper will be concerned with longitudinal categorical data, . repeated measurements
on 4 number of observational units with the same instrument, The main interest in studying
longitudinal data is whether change occurred and, if so, what the nature of the change is. We

variable. This is typically

terms of better

or worse; for categorical data descriptions ae in terms of “different” or ‘the same’.
Once. they can

e, changes in attitude, opinion, behaviour or any other categoric:
data be

in transition

eq: 3
a variable measured at a specific time point (we adopt the way mode terminology for the tables
of Carroll and Arabie (1980)). The number of time points defines the number of ways of the
transition fsquency Lble Having mssuted groupofpeope s on  usgoricl bl

et can be athered 1 (ree ey comingencytable. nd 5 frih
An example of such data is obtained from Upton and Sarlvik (1981) who discussed changes

in political voting in Sweden. The data are shown in Table 1. There are five political parties:
the Commanists COM; the Social Democrats SD; the Centre Party C; the People’s Party P; the
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Table 1. _Swedish voting data representing voling
changes from 1964 (1ows) o 1670 (columns)
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From Upton and Sirlvik (1981).

Conservatives CON. These are the anglicized names following Upton and Sirlvik (1981). The
rows correspond to the political parties in 1964 (in capital letters); the columns to the political
parties in 1970 (lower-case letters).

“The focus will be on change, i.¢. on the off-diagonal entries. The values on the diagonal are

will be included in the models to be developed
“The question, once we is not but what e

pattern of association looks like. We shall propose a model for these data based on Newton's
T of gy, whic st that e o betveen any two bt i the universe i propor-
tonal

0 objects (Newton's law of gravity will be discussed in more el the mossion Thi
Geermimte mode wil be appled o th sl fchinge where the ot n the anersc

the categories of the variable. The force between two objects is measured by the number of
respondents making a transition from one category to another. This number is not accurately
measured, however, since a sample is obtained from a population. Therefore, the law of gravity
is used as a probabilistic model assuming a multinomial sampling scheme (which is the usual
sampling scheme for such data). The force will be modelled by the mass of the two categories
and a function of the distance between the two objects

“The remainder of this paper is organized as follows. The next section discusses Newton's law

of grvity in more deail.Section 3 descibesthe nalysis of change n terms of Newton’slav
of gravity and the law to adapt for d
introducing the dynamic elements it will be shown that the model s a reparameterization of

RC(M) association model (Goodman, 1979, 1991). The usual identification constraints for
this model, however, are not suited to the analysis of change. A new way of identifying the
solution will be presented and finally the model will be applied to the data in Table 1. In Section
4 the model will be generalized to the case of multiple two-way tables. The gravity models that
are developed are related to conditional association models (Clogg, 1982). but again the usual
identification constraints are not suited to the analysis of change. Section $ treats grav
‘models for three time points. These models are related to partial association models (Cloge,
1982). Identification and an application to empirical data will be discussed. We shall conclude

d

presented.

2. Newton's law of gravity
One of the major laws of the natural sciences is Newton's law of gravity:

propartional to the square of the distance betuieen them”



