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ABSTRACT

Abstract

Warranty management is a critical decision for consumer durables, automobiles and
capital equipment manufacturers. Original equipment manufacturers (OEMs) must
decide on warranty duration, exclusions on warranty and extended warranty policy.
These decisions can have a significant impact on profitability. Many companies
encounter an unexplained gap between warranty accruals and actual warranty costs.
One of the reasons behind this is the ‘unexplained variation’, which if accounted for,
will provide a valuable understanding of warranty claims and improve warranty

prediction.

The unexplained variability in warranty claims can occur due to various factors. One
of the most important causes of the variation are the usage and the operating
conditions. There is extensive literature on known causes of variability such as usage
and risk attitudes (i.e., whether a customer is risk averse, risk neutral or risk loving).
Factors such as the operating conditions are difficult to incorporate in the model
building process since they are unknown. Such hidden causes either need to be
discovered or modelled appropriately for better warranty management. Therefore,
through this thesis, we have first tried to uncover the latent factors that impact
warranty claims and the survival of the components. Second, we have proposed
wholistic modelling approaches to incorporate those factors into the model-building

process.

We have divided our work into three different essays. The first essay deals with
modelling variability in warranty claim counts itself. Although neglected in the
literature, the variability in warranty claim counts can provide useful information
about the underlying hidden components or the subpopulations. This essay presents
a hybrid approach consisting of factor identification and model development and
employs an integrated framework to better model warranty claims. In this essay, we
group the claim population into clusters or components, which behave similarly with
respect to location, climate and urbanization. Then, a latent class Poisson regression
methodology is proposed. The cluster characteristics thus obtained are entered into
the modelling framework using the finite mixture modelling approach, which gives a

better fit than the existing models, thereby improving prediction.
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ABSTRACT

In the second essay, we try to uncover the latent segments in the population that share
dependence effects, owing to the unobserved risk factors. This would help the
manufacturer identify segments in the population that are more likely to result in
claims or are more ‘frail’ than the others. This is achieved through a two-step process.
First, the hidden components have been obtained via clustering of survival data using
the Weibull mixture model approach. Such an approach will not only serve as
representative for unobservable covariates via cluster membership but also provide a
way by which the product units can be classified into different subpopulations prior to
statistical lifetime modelling. The second step of the approach incorporates cluster
membership into the shared frailty model framework. Thus, this essay proposes a
novel approach to obtain those segments in the population which share similar risks

owing to the unobserved factors and are highly correlated.

The third essay studies the impact of dealer characteristics on time between claims
and tries to identify the role of dealers in achieving the ‘right first time’ objective. In
addition, this essay also provides a way to rank the dealers based on their unobserved
characteristics using empirical Bayes methods and consequently enables best
practices to be followed across the dealers. To the best of my knowledge, this is the
first study examining dealer’s role on time between claims and provides a method to

compare their relative performance.

The contribution of this thesis is to provide the manufacturer with a new perspective
to look into different causes of variability apart from previously considered causes, i.e.,
usage and risk attitudes. Further, it provides a means to incorporate those causes in

the model-building process for a better warranty management.

Keywords: Finite mixture modelling, sub-populations, warranty claims, variation,

heterogeneity.
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