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1. INTRODUCTION

‘When sampling is made from a specified population there is no
doubt as to the appropriate model to be used in making inferences
about the parameters of the model, and the tests of significance are
completely determined. In practical fields, an experimenter often
faces the problems of incompletely specified models, i.e., when
sampling is made from an unspecified population. Such cases of
incomplete specification of models can be resolved by performing
preliminary test(s) of significance (PTS) initiated by Bancroft[1].

1.1. Some related papers

There are many examples where preliminary test(s) of signifi-
cance have been used as an aid in determining the model specification
to be used in subsequent inferences. The use of preliminary test(s)
of significance in model specification and making subsequent infer-
ences have been made in many investigations. Some of the related
papers are; Bamcroft [1], [2], Bennett [3], Bozivich, Bancroft &
Hartley [4], Gupta & Saxena [5], Gupta & Srivastava [6], Kitagawa
[7], Paull [9], Saxena [10], [11],-[12], Saxena & Gupta [13], Saxena
& Srivastava [14], Singh [15], Srivastava [16], Srivastava &
Bancroft [17], Srivastava & Bozivich [18], Srivastava & Gupta[19]
and Tailor & Saxena [20].

1.2. Statement of the problem and objective of the present study

Suppose we are given four independent mean squares: 1s, 3,
ve and v based on ny, n3, n2 and m degrees of freedom respectively.
It is desired to test the null hypothesis Ho: E(vs)=E(y3) against the
alternative Hi: E(y4)>E(v3) when given a priori that E(vs)>E(v1)



SOME RESULTS ON SIZE IN A MIXED MODEL USING TWO PRELIMINARY 63

and E(v2) > E(r1). Now one of the ways of testing Ho against H1 is
to compare v4 and v3 by the F-statistic and to reject Ho if the
observed value of the ratio va/vs comes out to be significant. Tt is,
however, suspected though not known with certainty that E(vs)
might be equal to E(vi) and E(vz) to E(v1). In these instances, we can
obtain better test (s) based on PTS for testing Ho. The present inves-
tigation is concerned with an examination of the power function and
the study of some theoretical results on size of the SPT procedure
for the following mixed model of a Split-Piot experiment in RBD
using two PTS. :

i=1,2,....,¢t
Yi=p tbi+ v+ eyt vit Sinteiin =12, .., p, ..(13)
k=12, ...,4q,

where y,, denote the observation of kth sub-plot of the jth whole
piot in the ith block. =, vz and 8, are the fixed effects such that

7;=2y;,=0, 3s,=0 for all k and Z8;=0 for all ;.
J k j k

The random components b;, e;; and e’y are independently
distributed as normal with zero means and respective variances o2,
cf and of,. The analysis of variance resulting from model (1.3) is

shown in Table 1, where,
2 _ 1 2 2 1 2
UT = p—l Tj aﬂdGY -——q__—lz 'Yk
j k

are finite population variances.

TABLE 1
Analysis of Variance of a Crossed and Mixed Model for RBD with
Split-Plot
Source of Variation ‘ %{; E;‘;S'"t;f gf{] ZZ’;e Expected Mean Square
Blocks r—1
Whole-Plot Treatments p—1=n, Vs o} = ol + go} +rqc‘2r
Error (I) (r—D(p~D=n; v, o = o2 +gc>
Sub-Plot Treatments g—1=ny vy 6} = o, +rpc.2{
Interaction " (p—1)(g-1)
Error (II) pg-D(r-1)=n v of = o2,
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Given four independent mean squares v (i=1, 2, 3, 4) based
on #n; degrees of freedom as in Table 1 such that E(v.-)=cr,2 , we

are interested in testing the hypothesis Ho : °E =0 against the alter-

native hypothesis Hllci >0 when there is uncertainty whether
ol >0 and c:‘; >0. For the test of Ho, the following sometimes

pool test (SPT) is proposed.

Sometimes Pool Test (SPT) Procedure. Reject Ho if at least
one of the three mutually exclusive events R; (i=1, 2, 3) given below
occurs :

T
Vis

Va g
< Fp, —— Z>F3¢t;
2 V1es >Fs

Vis Vls

Va

Vs

V-

V. V

Rs: g—l-/;—l<F1, —2 > Fo, —4 2F, %;
Vs Vs

1 Vs

> Fs g .
where
Vg = (m1v1+ nave+-nsvs)/nies, nies=n1+n2+-ns,
Vii=(nve+nyv;) g, ngg=ng-+;,
Fi=F(n3, ny; &), Fo=F (n2, ms; o2),
Fse=F(na, mes; «g), Fa=F(ng, ma; o),
Fs=F(ns, ng; as),
and F(ny, n;; @) denotes upper 10049, point of F-distribution with
ni and n; degrees of freedom.

2. Power AND Sizg OF SPT PROCEDURE

We, now, know that ¢; (i=1, 3) are distributed as xf cf [,
where xf‘ is the ceatral chi-square statistics with n; degrees of freedom
and ve, va are distributed as X’ZZ ci/nz and Xf c:/m respectively,
where 1’22 is the non-central chi-square statistic with na degrees of
freedom and non-centrality parmameter

1 2 2 2
A= 7]72 (6, — o3 Meg s

and xf is the non-central chi-square statistic with ny degrees of

freedom and non-centrality parameter

1
>\4=—2— Hy (oz — cr: )/cr: .

-

|
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On using the central chi-square approximation to non-central
chi-square due to Patnaik (1949), we find that nava and navs are

approximately distributed as xg cf ¢, and Xz ": cq respectively,
where xi is the central chi-square statistic based on degrees of

freedom va and the scalar constant cé, respeectively, as

va=ny+4 7\: /(n2+ 4%g) and ca=1-2ng/(n2+2A2),

XZ is the central chi-square statistics based on degrees of

freedom v, and the scalar constant cs, respectively, as
V4=n4+47\j /(n4+ 4)y) and
cs=14-2A4/(na+2A4).

The joint density of the indepeﬁdent mean squares vi, Vs, V3
and v4 (using Patnaik’s approximation) will be given by

ym—1  Jw—1 3Ing—1  dvg—1
h{vy, va, v3, v9)=K"*1, ) V3 Vs

_mn. Heve ngvs nqvy
Xexp[ 20,2 {1+ nyvics T mv,03; t mivicafs {] ~(21)

. - 2 [ 2
where K* is a normalizing constant and 031 =g, / ol .

Introducing the new variates

n4vy haVe
m= , Uge , ...(2.2)
n1vicsfs1 nvice
n3vs nvy
U= Ot W a8 s
nivifsa 20,

and integrating w from 0 to oo, the joint density of the new variates
U3, up and ug is obtained as follows :

=1 dvy—=1  Ing-—-1
Uy us U3

(14-wu1+ua+us)

f(u1, ug, us) =K ..(2.3)

3(ny+va 4 nz+vy) ’

where

T{¥(n1-+va+na+v3)}

K= T TG Tive) -(2.4)
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The power of the SPT procedure is the probability P given by

3 3 3
P=P( U R¢)= % P(R) =3 Py, (2.5)
i=1 i=1 i=1

since R; N R;=¢ for all i#j ; where

a b(l+"3031) -]
P1=I J- J-f(u,, us, uz) dus dug du1, ...(2.6)
113=0 “2=0 u1=c(l +"262+H3031)
a - -] [--
Ps = S E S (uz, uz, u3)dlladuZdul,
uz= ug=b(14ugb31)  wy=d (1+usb31)
..2.7D
P3= jf(ul, ng, ug) dus dus dui, ...(2.8)
Uz=a H2=0 uy=eus
_ mh _mPF . mFs
nmfs ’ macz’ ma3 c4 031’
N4 F4 ng F5
= e= .
n13 ¢4 O3 n3 ¢4

For Ay=0 (AMa=0=>c4=1 and va=ny), (2.5) will give the size of
the test.

3. THEORETICAL RESULTS ON SIZE

For Az = M=0 (i.e., ca=c4=1) and 83,=1, the expressions,
(2.6), (2.7) and (2.8) reduce to

hh h(ltug) o

Sy = I g(u1, us, u3) dus duz duy, (3.1
uz=0 uy=0 uy=hs (1 +us+uz)
hl © o
Se = j g, e, ug) dus dus du, ...(3.2)
uz=0 ug=hy(1+us) uy=hy(1+us)
83 =.[ J- ! gluy, uz, us) dus dus duy, ...(3.3)

ug=h; uy=0 wuy=hgus
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where
My By Bt
glu, Uz, uz) = G (1rul+u2—::2u3)%(n1—1:312+n3+n4)
{1(n1-+ns -+ ng+na)} ...(3.4)

G = T@m) [(inz) TGna) LGna)

h o= naF] hs = naFa ha n4F3 )
n ms ni23

naFs
, hs = ;
n3

naFa
hy =
ni3

Ny = ngtng, nge=ngHn g (3.4)

nigaa = H1-+natns-tna.
Theorem 1. For A,=M=0 (i.e., ce=c4=1) and @#a1=1, the
lower bound for size of the SPT procedure is
(1~w1) (1—e2) o3,
Proof : Under the conditions of the theorem, the size of the
SPT procedure is given by

= S1+S2-+Ss. - (3.5)
Since S: (i=1,2,3) are non-negative quantities, hence
S>25 ...(3.6)

On applying the following transformation
us = x3, ua=(1--x3) xa, uy=(1+xs) (1-+x2) x1

to (3.1) and after simplification, we get

hl h2 -
n n n
71 7! 31
Xy dxs X, dxs X, dxy
S1=G| —— ————~ ,
¢ +X3)1}("1+"3) (1 +xz)tmes ([+x1)%"1234
0 0 kg
where n123 and nigss are defined in (3.4). By using the well-known
relation
pFo

= ‘—B— —i- : — i
peob (£l <} = 1(x 5 )i ¥ = Gy Ry
between F-integral and normalized incomplete beta function,

we obtain
Sy = (1—a1) (1—a) as.

Hence from (3.6)
S>> (-a) - og) o3 (3.7
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Theorem 2 : For ca=c4=@3,=1, the upper bound for size of
the SPT procedure is

(1—a) (I—az) ag+(1—oy) agtas.

Proof : By increasing the range of integration for us, sa given
by (3.2) can be written as

hy © ©
Se < I j f gluy, ue, ug) dug dus dur. ...(3.8)
uz=0 ug=0 wuy=hy (1+u)
On applying the following transformation

ur = (14+ws) wi, ua=(14+w1) (1+w,) we, us=ws
and after simplification, we obtain

Ill «©
ng n n
=1 o —1 e —1
Wy dws W, dws W,y dwi
S, <G
2 S (14 wg)tma (L4 wy)imeae ) (1 4ypp)bmaa ...(3.9)
0 0 h

4
ie, Sz < (1—a1) ey,

Similarly on increasing the range of integration for us, s3 given
by (3.3) can be written as

S3 <G f I I g(uy, uz, us) duy dus du, .
0 0 lgu,

on applying the transformation
uz = X, =Y, uy=XZ
and integrating X and ¥, we obtain,

(-]

o
1 Z2 dz
Ss < ( n3 n4) (l +Z){r(n3+n4) .,.(3.]0)
B2, M
2 2
hg
ie., S3 < as.

on combining {3.7), (3.9) and (3.10) ; we see that (3 5) yields
8 S (=) (1—w2) az+(1—ay) ag+as,

Corollary : For ¢g=cq=03,=1 and all the preliminary levels
of significance are equal to «, (ie., ay=oag=0a,) and all the final
levels of significance are equal to a, (ie., a3=ag=a5=a,), then the
size of the SPT procedure lies between

(1—e,)® «r and [(1-- ap)? + 2—ay)] oy

Proof : Obvious from Theorems 1 and 2,

(
z
!
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SUMMARY

In this paper a sometimes pool test (SPT) is obtained for the
test of a hypothesis of no treatment effect in an analysis of variance
(ANOVA) probiem for a mixed model of a Split-plot experiment in
Randomised Block Design (RBD). The lower and upper bounds of
size are determined in terms of preliminary and final levels of
significance.
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