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A Study of Parametric Estimation in Contingency Tables
Yoshiko KIKUCHI,* Masayuki GOTOH? and Nobuhiko TAWARA'

Abstract

In this paper, we consider the contingency table as a two-way classification
with binomial distribution at each of the cells. The contingency table is useful for
many practical cases in the field of the quality control, market research, and so
on. In the analysis of data of the contingency table, the probabilistic models with
parameters are assumed at each cell and the parameters are estimated from
observations (data sets). In the case of binomial distribution, the parameters are
the probabilities of each cell. The maximum likelihood estimator (MLE) for each
cell is one of the parameter estimators. However, the precision of the MLE may
not be sufficient when the sample size is small. On the other hand, if we previously
assume the prior density on parameter space, we can formulate Bayes optimal
estimation of the parameter with the square error loss function. This estimator
is Bayes optimal for the finite sample. The another way for precise estimation is
to estimate the parameter after the hypothesis, such that the parameter of some
cell is equal to that of another cell. If the hypothesis is correct, the estimation
error may be reduced rather than parameters being independently estimated at
each cell. If we can previously assume a hypothetical set, a hypothesis may be
selected from the observations, but in a true hypothesis, the set is unknown. In
such a method, although we can regard a hypothesis as a model, this method can
be formulated based on the statistical model selection problem, and we can apply
conventional information criteria to select the model. However, in Bayes decision
theory, the selection of a model is not optimal for prediction. We can formulate
Bayes optimal estimator on the condition that the set of candidates of the models
is given. In this paper, we propose a method to predict future observations and
estimate the parameter values at each cell based on Bayes optimal solution, which
uses a mixture model of all candidates. That is, we shall show that the method
using the mixture model is Bayes optimal solution with the square error loss
function for the parameter estimation similar to the prediction problem. More-
over, we shall show a practical algorithm to calculate Bayes optimal estimator
using a mixture model assuming Bata distribution and uniform distribution as the
prior distributions for the parameter space and model class, respectively.
Through the simulation experiment, we shall show the properties of the proposed
method for parameter estimation.
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