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ABSTRACT

Count data modelling is of significant importance across the biological and physical sciences. Al-
though the Poisson distribution is the conventional approach for modelling count events, its inherent
assumption of equal mean and variance limits its practical applicability, particularly in the presence
of overdispersion [1]. Mixed Poisson models such as the Negative Binomial and Generalized Pois-
son distributions were developed to address overdispersion, they remain inadequate for count data
exhibiting non-normality, serial dependence, multimodality, non-stationarity, and skewness [1, 3].
To overcome these limitations, the Poisson Sauleh distribution (PSD) was developed and incorpo-
rated into a Hidden Markov Model (HMM) framework. The parameters of the HMM are estimated
via the Expectation-Maximization (EM) algorithm [2, 4]. Datasets were simulated with sample
sizes ranging from 50 to 1,000 across one to five states alongside two real-world datasets on ma-
ternal mortality (MMD) and acute encephalitis syndrome (AESD), and both data are confirmed to
exhibit multimodality and serial dependence based on Hartigan Dip and Ljung-Box tests. The sim-
ulation results indicate that model accuracy improves with larger sample sizes and two-state models
consistently yield the lowest AIC and BIC values. When applied to the real datasets, the 2-State
Poisson Sauleh HMM outperformed all competing models, recording the lowest AIC and BIC val-
ues of 245.16 and 252.04, and 251.66 and 260.03 for MMD and AESD, respectively, with Viterbi
algorithm-based classification method for distinguishing low and high case counts in both datasets.
The results suggests that the PSD-HMM is a good fit for count data characterised by overdispersion,
serial dependence, non-stationarity, and multimodality.
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