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Abstract

Bivariate time series of counts with excess zeros relative to the Poisson process are common in many bio-
science applications. Failure to account for the extra zeros in the analysis may result in biased parameter
estimates and misleading inferences. A class of bivariate zero-inflated Poisson autoregression models is pre-
sented to accommodate the zero-inflation and the inherent serial dependency between successive observa-
tions. An autoregressive correlation structure is assumed in the random component of the compound
regression model. Parameter estimation is achieved via an EM algorithm, by maximizing an appropriate
log-likelihood function to obtain residual maximum likelihood estimates. The proposed method is applied
to analyze a bivariate series from an occupational health study, in which the zero-inflated injury count
events are classified as either musculoskeletal or non-musculoskeletal in nature. The approach enables
the evaluation of the effectiveness of a participatory ergonomics intervention at the population level, in
terms of reducing the overall incidence of lost-time injury and a simultaneous decline in the two mean
injury rates.
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1. Introduction

Time series of count events containing many zeros are frequently encountered in the biosci-
ences. A motivating example arises from occupational health, where population injury data aggre-
gated over time are observed [1]. It is plausible that certain individuals, such as experienced
workers, are at low risk of injury (contributing to the extra zeros), while the other sub-population
consists of members who are susceptible and may incur injury more often. In such applications,
the discrete time series of counts contain excess zeros relative to the Poisson distribution, which
may lead to spurious associations and misleading inferences if the zero-inflation problem is
ignored [2].

For count data of independence events, the extra-Poisson variation or overdispersion induced
by the zero-inflation can be handled using a compound probability model such as the zero-inflated
Poisson (ZIP), in which the response count variable is modeled as a mixture of a Poisson distri-
bution and a degenerate component with point mass at zero [3]. Béhning [4] reviewed the related
literature and provided a variety of examples from the biosciences. The ZIP model incorporates
more zeros than those allowed by the Poisson. A plausible interpretation is in terms of its (unob-
served) two-point heterogeneity, corresponding to the ‘perfect’ and ‘imperfect’ states of the under-
lying process [5].

In many situations, the zero-inflated outcomes are classified in a binary manner ( Yy, Y>) accord-
ing to a feature of interest. Analogous to the univariate situation, a bivariate Poisson distribution
cannot account for the relatively few events and thus extra zeros in the data [6]. A bivariate zero-
inflated Poisson (BZIP) model was recently proposed for analyzing two types of occupational in-
jury that simultaneously occur but are rarely observed [7]. In this study, the BZIP methodology
for individual data is generalized to model a temporal sequence of bivariate discrete counts. After
briefly reviewing the BZIP approach in the next section, a class of BZIP autoregression models
with random effects is presented in Section 3 to accommodate zero-inflation and the inherent se-
rial correlation between successive observations on the dual outcomes. The technique is applied in
Section 4 to evaluate the effectiveness of a participatory ergonomics intervention for reducing
musculoskeletal and non-musculoskeletal workplace injuries sustained by a group of hospital
cleaners over a seven-year period. Finally, some concluding remarks and extensions of the method
are given in Section 5.

2. Bivariate zero-inflated Poisson model

For bivariate count data with excess zeros, a bivariate zero-inflated Poisson (BZIP) model can
be formulated as a mixture of bivariate Poisson distribution and a point mass at (0,0) [7]. Con-
sider a BZIP distribution for bivariate events (Y7, Y>)
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