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ABSTRACT

In this article, multiple comparison procedures
with the average for normal means under
heterocedasity are under investigation by two
stage sampling technique. One-sided and two-
sided confidence intervals are proposed. These
intervals will have broad applicability in

identifying a subset which includes all no-

worse-than-the-average treatments ir;
experimental designs and/or in identifying
groups of treatments with smaller than the
average, larger than the average and not much
difference from the average means in various
fields. An upper limit of critical values are
obtained using Bonferroni inequality. But the
approximate values are shown to be too
conservative compared with the simulated
critical values by Monte-Carlo method.
Therefore, simulated critical values should be
used in our multiple comparison procedures.
Key Words and Phrases:
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Lrglgd B &

Wu and Chen {1998) has proposed multiple
comparison procedures with the average for
normal means when variances are equal. When
variances are unequal, we investigate a two-
stage sampling procedure developed by
Dudewicz and Dalal (1975) for multiple

comparison problem in this paper; which was a

generalized Stein-type procedure (Stein(1943)).

Consider k independent popularions
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X5 Xy, where observations from
popularion 7, are independent and normally
distributed by N(8,,07), where the normal
means &,,...,8, are all unknown and unequal

and the variances ¢ 1,..0; are also unknown

and unequal. A two-stage multiple comparison
procedures with the average is proposed as
follows:

Take an initial sample X),..., X, of size n,
from 7, Let S} be the usual unbiased

estimate of o and define

57
n, = max{n, + 1,[~]+1}, where the value of ¢
¢

is an arbitrary positive constant to be chosen to
control the width of the confidence intervals for

6, ~ 8 and [x] denotes the largest integer

smaller than or equal to x. Then take additional

n, —ngobservations X, , ... X, from x,.

For each i, set the coefficients a,...,2;, .Gy
L] i

so that
1-(n —~n)b
ail —_"‘:afno :._.-._(..—.J_.—_ﬂ..L:a‘
ny,
{ n,(nct—S?
Qg =e=a, =—{l+ ~°—(-—‘———‘zl}=bi
’ Lo (n, —n,)S;

and finally compute the weighted mean

X :aiiX,.ﬁbi iXU and the r.v.’s

i=l J=n +l

Y, = (X, -6,)/chave i.i.d. student’s t

distribution with v =, —1 df.
. BXAaAnE

T~ L] —~—
Let X = ZX ./ k. Then the one-sided and
i=}

two-sided confidence intervals foré, — @ are

given in the following Theorem by Bonferroni
inequality.

Theorem For a given <P’ <1,

(@) PO -0eU,i=1.k) 2P, where

U =(-0,X, - X +chy),if hy is the solution of
the given equation

[; Flt+d) f(n)dt =
d = (k /(k =)k, . Thus

P +k-1
k »

U, = (-, f‘. - /\:’+chu)is a set of upper

L

confidence intervals for 6, -6 with confience
coefficient P".

(b) P(0. -0 eL,,i=1.k)= P, where

~

L =(%, - X —chy,),if h, is the solution of
the given equation

[’; Fu+d) f(r)dr = g—"k—k:—l

2

d = (k/(k~V)h, . Thus I, =(X, - X - ch,, )
is a set of lower confidence intervals for

6. -8 with confience coefficient P°.

(¢) PO, -8 €C,,i=1,.k)2 P, where



C, = (X, ﬁf—ch,,f{’i —A:’+ch1), if h, is the
solution of the given equation

[;Fa+dy4—Fu—@“uﬂnm:
. d = (k/(k —1))h, . Thus

C,=(X,~X-ch,X, —):(+ch,) is a set of two-

sided confidence intervals for 8, -0 with

confidence coefficient P’ .

Since it is difficult to find the exact
joint sampling distribution of the singular k-
variate statistic of 71,..., 7, , where

_ k
T, = k—k—lYi - ZYJ. /k,i =1,....k . Therefore, the
J#i
Monte-Carlo simulation is used here to obtain

an approximate sampling distribution of the

maximum order statistic of 7,,. In order to

have the probability of inclusion of 8, -8 in

U. (—oo,;f’i —§+c}2u) or

(X, - X - ch, ,0) being at Jeast

i P’ the

value of A, or h, isgivenbythe P’th

percentile of the approximate sampling

distribution of T, , P(Ty, <hy)=P".

Likewise, the (1-a)100%SCI of 6. -8 is
given by

¢ =(X, - X-ch,X, - X +ch,),where h,is
given by the upper a/2 percentile of the

approximate sampling distribution of 7},

P k-1

P(T, <h)=1-al2.

In the case of equal sample size n, = n, the
simulated value of A, or A, for subset
selection when P'= .95 and the simulated
value of #, for simultaneous confidence
interval when 1—a= .90 are given in the
following table. The upper entry is the average
of the simulated percentiles, each based on
3000 runs, and the standard error (s.e.) is
reported at the lower entry. To do this we only
need to generate some random numbers from a
student’s t distribution with v =#n, —1 degrees

of freedom and calculate 7;'s, then order these

T's, and select the maximum value 7}, at

eachrun. After N independent runs, the P"th

percentile of the distribution of Tj,; can be

approximated by selecting the NP” biggest
number out of the ranking list of the

N largest values of Tj;,.
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