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Mixture models for rating data:
the method of moments via Gröbner basis
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Abstract. A recent thread of research in ordinal data analysis involves a class of mixture models
that designs the responses as the combination of the two main aspects driving the decision process: a feeling and an uncertainty components. This novel paradigm has been proven flexible to
account also for overdispersion. In this context, Gröbner bases are exploited to estimate model
parameters by implementing the method of moments. In order to strengthen the validity of the
moment procedure so derived, alternatives parameter estimates are tested by means of a simulation experiment. Results show that the moment estimators are satisfactory per se, and that they
significantly reduce the bias and perform more efficiently than others when they are set as starting
values for the Expectation-Maximization algorithm.
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1. Introduction
When administering a survey, respondents are asked to express a preference in a list
of ordinal categories, corresponding to levels of agreement/pleasantness/involvement with
respect to a given item. In this regard, cub models’ paradigm [33, 13, 23] prescribes that
the data generating process yielding to the evaluation from an underlying latent trait is
basically structured as the combination of two elements: the actual feeling towards the
item and an inherent uncertainty concerning the final rating [43]. The decision-making
process results in a two-component mixture distribution, where the meditated behavior is
shaped by a shifted Binomial random variable and the uncertainty is modelled by a discrete
Uniform distribution, thus the acronym cub standing for C ombination of a U niform and
a shifted B inomal random variable. In this sense, cub models directly shape the latent
components of the decision process, offering an alternative setting to classical methods
for the analysis of ordinal data (see, for instance, [1, 30]) in which an added value is the
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