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Abstract

Partial linear models are usually considered semiparametric models since they contain
both a parametric linear term and a nonparametric component. In fact, in these type of
models it is assumed that the mean response of interest is linearly dependent on some
covariates, whereas its relation to other additional variables are characterized by non-
parametric functions. Clearly, these models are useful in situations where the response
variable is linearly related to some of the covariates and, at the same time, depends on

other covariates in a nonlinear way, e.g.

Y =x;B+g(t;) +e, (1)

1 =1,...,n, where x; is a vector of explanatory variables, 3 are the regression parameters,
t; is a known scalar, ¢ is an unknown smooth function and ¢; is the error term.

These models have become an important tool in modeling econometric and biometric
data and many authors have been proposed the estimation of parameters 8 and ¢ in
various context including kernel smoothing, smoothing splines and penalized splines from

the classical and Bayesian points of view.
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On the other hand, the problem of estimation for a regression model where the de-
pendent variable is censored, has been studied in different fields, namely, econometric
analysis, clinical essays, among many others. Most of the results on the normal regression
model with a censored response variable are based on the Tobit model (Tobin, 1958),
where the variable of interest Y;, for ¢ = 1...,n, is censored. Instead of this variable, we
may observe a dependent variable Y;° given by Y° = Y;I(Y; > a), for some constant a,
where [[(+) is the indicator function. The Tobit model corresponds to the censored linear

regression model defined by

Y° =d;Y; and Y;=x/B+e¢, (2)
i =1,...,n, where d; = I(Y; > 0), 8 and x; are defined in (1) and the error terms ¢;,
t = 1,...,n, are assumed to be independent and normally distributed, with zero mean

and a common variance parameter 2. Tobin (1958) focused on the estimation of the
parameters 3 and o2, on the basis of n = ny + n; observations (dyy1,x] ), ..., (d.yn, X)),
where ng and ny are the number of observations on the sets Ng = {i : d; = 0} = {i : y; = 0}
and Ny = {i : d; = 1} = {i : y; > 0}, respectively. From the relations mentioned above,

the likelihood function for a random sample under the Tobit model is

In(B.0?) = f[[l—@(%xiﬂ)}l_di [Uie(ﬁ(%(yi—xm))]di, )

i=1 €

where ¢(-) and ®(-) denote the probability density function (pdf) and cumulative density
function (cdf) of a N(0,1) distribution, respectively.

There are several extensions of Tobit model in the literature. For example, Blundell
and Meghir (1987) discussed some generalisations of the Tobit model that allow for distinct
processes determining the censoring rule and the continuous observations. Alternatively,
semi-parametric censored models such as the binary response model, the ordered response
model, the grouped dependent model, the multinomial response model among many others
can be found in Powell (1994). Recently, Hutton and Stanghellini (2011) proposed a
censored regression model assuming a skew-normal distribution in order to study health
care interventions.

However, natural extensions for the Tobit model can be obtained by assuming e.g. that

the distribution of the perturbations belong to the scale mixture of normal distributions
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family (see Andrews and Mallows, 1974), from which the normal model can be obtained
as a special case. From the classical point of view, Zhou and Tan (2009) proposed the
Tobit factor analysis with multivariate Student-t distribution and Arellano-Valle et al.
(2012) proposed an extension of the Tobit model considering that the error term follows
a Student-t distribution. In these papers, the authors provided a useful extension of
the Tobit model for statistical modeling of data sets involving observed variables with
heavier tails than the normal distribution. Thus, in our paper, an extension of the normal
censored regression model (2) is proposed, by considering both a parametric linear term
and a nonparametric component and assuming that the error term belongs to the class
of scale mixture of normal distributions. This class of distributions constitutes a class of
thick-tailed distributions, some of which are the Student-t, slash and the contaminated
normal distributions. The estimation and the study of the associated properties of the
model is conducted under a Bayesian paradigm.

After fitting the model, it is important to check the model assumptions and conduct a
sensitivity analysis in order to detect possible influential or extreme observations that can
cause distortions on the results of the analysis. Following the pioneering work by Cook
(1986), case-deletion and local influence diagnostics have been widely applied to many
regression models in order to assess the effect of perturbations in the model and/or the
data on the parameter estimates. Barros et al. (2010) have applied these methods to the
normal Tobit model. However, to the best of our knowledge, there are neither studies
on Bayesian inference for the Tobit model in the scale mixture of normal family and nor
on Bayesian influence diagnostics related to this topic. Thus, in this paper, we discuss
influence diagnostic analysis from a Bayesian perspective where the objective is to develop
diagnostic measures based on the g-divergence as proposed by Peng and Dey (1995).

The plan of the paper is organized as follows. First, we present the scale mixture of
normal distributions. Then, we present the semiparametric extension of the Tobit model
and some of its properties. Next, we present the Bayesian implementation of the model,
specifying priors distributions for the parameters of interest and the steps of the proposed
MCMC algorithm. After that, we present the model selection and influence diagnostics.
An application with a real data set of housewives wages is presented in the Section Ap-
plication. Next, we present a simulation study in order to illustrate the performance of

the proposed methodology. Finally, the paper closes with some conclusions.
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