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Abstract:
Ordinal categorical response data are often encountered in bio-medical, social and behavioral sciences. For

analyzing such kind of data the adjacent categories logit model with the maximum likelihood method [1],[2] or the
conditional likelihood method [3] for estimating unknown parameters have been commonly used. It was also shown
that use of a penalized likelihood is effective for fitting the adjacent categories logit model.[4] The formula of adjacent
categories logits model is so simple that it is easy to use in data analysis; however, the structure may seem somewhat
peculiar from a mechanistic view point. We consider an alternative method that is based on the classical theory of
Poisson process [5] with introducing a quantity of latent score as a notion of virtual time, which is easier to interpret.

Assume that Y is an ordered categorical response variable taking non-negative integer values from 0 to K, and
that x = (1, x1, · · · , xp)

T is a vector of covariates. To explore relationship between the ordinal categorical response

variable Y and the covariates x, we borrow the theory of Poisson process with substituting the score eβT x for time
t. Then the conditional probability of Y given x, Pr(Y = y| x) = G(y| x, θ), is expressed as
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where I
(k)
j = {i| i6=j, i = 1, · · · , k}, j = 1, · · · , k, k = 1, · · · , K.

Specially when λ1 = · · · = λK(= 1) holds, we obtain that G(y|x, θ) = (eβT x)y

y! e−eβT x

, y = 1, · · · , K − 1. Thus
this model can be regarded as an extension of the classical Poisson regression model for count variable to ordered
categorical response variable. BAN estimate of the parameters is obtained from asymptotic theory with a penelized
likelihood. The performance of the proposed method is illustrated through some simulation studies.
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