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Abstract

The problem of selecting the largest treatment parameter, provided it is better than a control, and
simultaneously estimating the selected treatment parameter in a general linear model is considered
in the decision theoretic Bayes approach. Both cases, where the error variance is known or unknown,
are included. Bayes decision rules are derived for noninformative and for normal priors. Bayes rules
for noninformative priors are derived under a general loss function for designs that satisfy the BTIB
condition of Bechhofer and Tamhane (Technometrics 23 (1981) 45). For unbalanced designs, a linear
loss function is adopted and it is demonstrated, via simulations, that the simultaneous estimation of the
selected treatment effect plays an important role in correcting an undesirable effect for the selection
problem.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Bechhofer et al. (199%)ave treated the problem of selecting the best treatment, provided
itis better than a control, in the indifference-zone approach. These and other authors consider
k-independent treatment populations and an independent control population. In the present
approach, a general linear model is considered instead. For such a model, we utilize the
decision theoretic Bayes approach to simultaneously estimating the selected treatment effect
while selecting the best treatment, provided it is better than the control. A similar problem
has been considered Bansal and Miescke (2008)r situations where there is no control.

We consider the following general linear model:

Y =X11+ Xof + ¢, 1)

whereY (n x 1) is a vector of response¥1(n x (k + 1)) and X>(n x m) are design
matricest = (19, 71, ..., %) iS a parameter vector consisting of the control effgeind
thek treatment effectsy, . .., 7, andf(m x 1) is a vector of nuisance parameters such as
block effects. We assume without loss of generality that the raka$ equal tam, and
we assume that the error satisfies N, (01, 27), wherel = (1,1, ...,1)"T ande? >0 is
either known or unknown.

Let the parameter space be denotedthy= {0 = (z7, f1)T : = € Rt B € R™}in
the case where? is known, and by?, = {(0, 6?) : 0 € @1, % > 0} in the case where?
is unknown. For many important special designs of model (1), not all componentzref
identifiable. We assume, however, thht=1; — 79,7 =1, ..., k, are identifiable.

To select the treatment associated with largest treatment effeet max(zy, ..., t},
provided it is better than the control, and to simultaneously estimate the valye-af, —
70, Wherer, is associated with the selected treatmensay, decision rules of the form
d(y) = (s(»), es(n (), y € R", will be considered. Here, : R" — {0, 1,...,k}is the
selection sub-decision rule @f ande, : R" — R is the estimation sub-decision rule of
d. Hereeg estimatesd;, wheres represents the selected treatment. A selection-6f0
means that the control is decided to be better than all of tihneatments, and in that case
no estimation is required. Thus, for convenience weget0. It should be pointed out that
based on the observatioh e,y)(Y) has a random index(Y).

For simultaneous selection and estimation, the loss has to include two components, one
for the selection and one for the estimation,Géipta and Miescke (1990} is thus natural
to assume that the loss function is of the form

L(t,d) = A(z,s) + B(4s, e5), 2

where A(z, s) represents the loss due to selection, &td;, ¢;) represents the loss due

to estimation withB(-, 0) = 0. In the literature, most of the work in ranking and selection
deals only with the loss due to selection. We will show that in the present setting, the
loss due to estimation also plays an important role for the selection part of the problem in
unbalanced designs. It provides, in some way, an adjustment whesorresponding to

the selected treatment, is not efficiently estimated. Special care must be taken, however,
when choosingd (4, e;). In particular,B(4;, e;) should not be too large in comparison to

A(t, ). Otherwise, as we will see later, the selection rule may force the control treatment
to be selected for any observation.
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