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Abstract

We present a random coefficient regression model in which a response is linearly related to some
explanatory variables with random coefficients following a Dirichlet distribution. These coefficients
can be interpreted as weights because they are nonnegative and add up to one. The proposed estimation
procedure combines iteratively reweighted least squares and the maximization on an approximated
likelihood function. We also present a diagnostic tool based on a residual Q—Q plot and two procedures
for estimating individual weights. The model is used to construct an index for measuring the quality
of the railroad system in Spain.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Itis generally accepted that the quality of a service is usually a function of several quality
factors, dimensions or attribute®grasuraman et al., 1988, 1991, 1994; Cronin and Taylor,
1992, 1994; Teas, 1993, 19%nd a key step in measuring service quality is determining
the relative weight of each factor or attribute in overall satisfaction. Methods oriented
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to multidimensional quality measurements are usually based on Conjoint Andlysis (

and Tukey, 196% SeeCarroll and Green (1995pr a survey of the present state of this
methodology andlynch et al. (1994)Wedel and DeSarbo (1994hdOstrom and lacobucci
(1995)for interesting applications to the evaluation of service quality. In this methodology
customers are asked to provide quality evaluation on several hypothetical services defined
by certain levels of the quality attributes. The method assumes that the quality attributes can
be given an objective interpretation so that the levels of the attributes have, when presented
to the customers for evaluation, a clear meaning to them.

Conjoint Analysis is less useful in situations in which the quality attributes do not have
objective standards, and therefore itis very difficult to define a series of hypothetical quality
situations for the customers to evaluate. An alternative procedure in these situations is to use
hierarchical Bayesian methods that can be estimated by Markov Chain Monte Carlo method
(MCMC), sed_enk etal. (1996)Allenby and Rossi (1999ndRossi et al. (2001)A second
alternative is to relate the evaluation of the attributes to the overall evaluation of service
quality by using a random coefficients regression moHeha (1997proposed a model
in which the weights of each customer are assumed to be random variables generated by
a common multivariate normal distribution and show how to compute by generalized least
squares (LS) the mean weights in the population imposing the restrictions that the weights
must add up to one. This model was designed for the estimation of the mean weights in the
population and the important problem of estimating the individual weights for each person,
that is easily carried out in the hierarchical Bayesian approach, was not considered.

In this article we propose a random coefficient model in which the individual weights
can be estimated. S&umpertz and Pantula (1998 a review of these models and their
applications aniallet (1986)for a non parametric approach to estimate the distribution of
the coefficients. The model we propose in this article includes two features that generalize
previous applications of random coefficient models for building quality indices. First, it
incorporates the restriction that the weights must be positive and thus it avoids the problem
of estimating some negative weights. Second, it allows that customers, in their evaluations
of the overall quality, may be taking into account some attributes not considered in the
model. This feature is formally incorporated in our model, and the distribution of the values
of the unknown attribute can be obtained.

The rest of this article is organized as follows. In Section 2 the model is presented. In
Section 3 its estimation is discussed and in Section 4 its validation is presented. In Section
5 two procedures for obtaining estimates of individual weights are presented. In Section 6
an application to evaluate the quality of the railroad system in Spain is discussed. In Section
7 some final remarks are included.

2. A model for linear quality indicators

Suppose that we have a population of potential customers. We assume that each customer
has an evaluation scoyef the perceived quality of a given service that is a weighted linear
combination of several known attributes, factors or dimensiens,. ., x; and, possibly,
of a latent variable depending on other unidentified factors. Thus the evaluation score
is computed by the customer by giving weights to the different dimensions or attributes
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