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Abstract. In comparative studies responses of two populations asnaftmmarized in stratified
2 x K tables with ordinal categories. A test, call@g; test, is proposed for testing the homogenuity
of the populations against non-linear alternatives in gabkes. The asymptotic distributions of pro-
posed test are obtained both under the null and alternagpethesis. The powers of ti@:, test and
extended Mantal test are compared by simulation.
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1. Introduction

Data are often summarized in ordinakX tables in comparative medical studies, and sta-
tistical tests such as Pearson’s chi-squared test (Pedr800), Wilcoxon test(Wilcoxon,
1945), Nair’s test (Nair, 1986), cumulative chi-squarest ({§akeuchi and Hirotsu,1982),
and maxy? test (Hirotsu,1983) are applied to those data for detedtiaglifference of two
distributions. It is well known that Pearson’s chi-squatest has no good powers against
ordered alternatives. The Wilcoxon test is specificallyigiesd for testing location differ-
ence of two samples; also the tests are asymptotically smijomost powerful unbiased
tests for logistic linear alternatives. Whereas Nair's iedesigned for detecting dispersion
alternatives. The cumulative chi-squared test and ydagst are ominibus tests developed
for a wider class of alternatives including linear and nioredr responses. Here we call the
response patterns like A, B and C in Table 1 the linear andtther @atterns the non-linear,
more specifically, the pattern D, E,-, and | respectively called the pattern,U pattern,
.-+, andupattern. We developed ti(g test (Jayasekara and Yanagawa, 1995; Jayasekara,
Nishiyama and Yanagawa, 1999) for non-linear responses<rkK2ables. TheQ, test is
shown to have higher powers than those tests just described thie control and treatment
groups show the combination of the patterns of non-lineggaases.

Now confounding variables such as sex, age, blood pressdretaers are involved in
medical data and it is important to block their effects onigs The above statistical tests
lack this function and logistic models are conventionaltypboyed. However, as is well
known, the result of logistic models depend on the goodnigfitsod the models to the data,
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Table 1 Response probabilities and patterns.

Ordered categories

Pattern 1 2 3 4 5

02 02 02 02 0.2
0.1 0.15 0.2 0.25 0.3
0.3 0.25 0.2 0.15 0.1
0.15 0.2 03 0.25 0.1
0.25 0.2 0.1 0.15 0.3
0.25 0.1 0.2 0.3 0.1p
0.1 0.25 0.2 0.15 0.3
0.2 0.1 0.3 0.15 0.2
0.15 0.25 0.1 0.3 0.2

OT
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and yet it is not easy to establish the models, in particwhen responses are non-linear
and the size of the data is not large. Here we may see the rdistre of nonparametric
tests. As far as we are aware the extended Mantel test (ME®8&), Lindis, Heyman, and
Koch, 1978, Yanagawa 1986)(called EMT test in the sequé¢ldonly test that has been
developed in the sprit. The EMT test adjusts for the effechefconfounding variables by
stratification.

In this paper we consider the same framework as the EMT testawnelop a test for
testing the homogenuity against non-linear alternatiMese specifically, considering 2
K tables such as those given in Table 2 which have been coteddrircthel-th stratum,
I =12,---,L, to block the effect of confounding variables, we extendedQ; test. It is
shown that the extende@ test has higher power in most cases than EMT test when the
alternatives are non-linear.

2. TheTest Statistics

We suppose in Table 2 that; = (Ma1, Yizz, -+, Yi)" @and Yz = (Viag, Yizz, - -+, Vi) are
multinomial random vectors independently distributedwvpiérameters, 1, (P11, Piizs - Pik)’
andny,, (P21, P22, -+, Pix)’ respectively(=1,2,--- ,L).

Suppose that categori8s, B, - - - , B are ordinal B, < B, < - -- < Bk), and define the
odds-ratio of categorB relative to categorf3; by Wi = piiipiak/PaiPik (k=1,2,--- | K).
The homogenuity of the distributions of the control andtiment groups in the table may
be represented by =1 forallk=12--- Kandl =12 .- L, which we simply
denote by = 1. Thus the problemma is testity : Y = 1 againsH; : Yy # 1 for some
k=2.--Kandl=1,2,--- L. In particular, considered under the alternatives are tlis o
ratios derived from the combinations of those linear and-litgar response patterns pre-
sented in Table 1.

We extend th&), test(Jayasekara and Yanagawa (1995), Jayasekara angdist{lL 996)

) for testingH, vs. H;. Let ¢ be the Wilcoxon scorollarye in tHeth table defined bg; =
(tu —N)/2 andcy = Z'};}r” + (i —N)/2fork=2,3,--- K, wherety is the marginal
total in Table 2. Note that it is normalized to sati&§ ;e =0 forl =1, L.

Now for two K dimensional vectorg, andb; in |-th stratum we define the inner product

of a andb, by (a,by) = ZX_,1axby and the norm of by ||a|| = (a, a)Y2.
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Table 2 2 x K table in stratum I, 1 =1,--- L.
Ordered Categorigs
Stratuml | B; B, --- Bg | Total
Control | Y11 Y12 --- Yk | M1
Treatment Yio1 Yoo -+ Yk | N
Total T1 T2 -+ Tk N,
Let ¢, be ther-th power ofcy, and putc, = (¢, C,,---,Cx), r=0,1,--- K — 1.

Furthermore legy, = co/||Co|| anda, = d,/||di
1,2,--- ,K—1. Note that

, whered,, = ¢, — Zi=5(c, a;)ay, r =

lifr=r/,
(a'“a"’)_{oifr#r’,forr,r’—o,l,---,K—l- (1)

Putting for giverte{1,2,--- |K — 1}
A = (a|r).|:1_’2‘...,|_;r:1’...’t (KL X t matriX),
Yo = (Y, --+,Y,) (KL dimensional vector),
53 Z|L:1 Mmaiz/Ni (N — 1),

UEt = A/Yz/s
we propose the followin@g, as a test statistic for testirdp vs.H;: Qg = Ug,Ug, for each
te{1,2,--- ,K —1}. LetU, be the r-th elemmaent &fg,, then we have

and

L
U= Zla{er/Ss )

and theQg; may represented as follows:
Qe =UZ+UZ+- - +UZ

Remark: Qg is identical to the test statistic of EMT test whies 1, and to the Wilcoxon
test statistic (Wilcoxon, 1945) when=1 andL = 1.

Now underH,, the conditional distribution of |, givenC = {nj, N2, 11, -+, T } IS
multiple hypergeometric with

EM/C] = nizti /N,

M1Ni2
NZ(Ny — 1)
whered = 1 if k= k' and 0 otherwise.

CoviYia, Y |C] = k(O N — Tyw), fork, k' =1,--- K,

THEOREM 1. Under H,, the elemmaents dfg,, i.e., U, r=1,2,---,t, are uncorol-
laryrelated with zero mean and unit variance when condgiwonC = {C,| =1,--- |L}.

Proof. We first showE[Ug|C] = 0. Puttingt) = (Tj1, - - , Tk )’, we have from (1)

ai/r'[| =0. (3)
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Thus

E[UeC] = A{E[Y2|C]/S
= A{(nyzTy /Ny, -+, Nt /NL)'/S

_ <2n.2a{1r|/N|,--- ,anza;trl/M)l/s

We next compute the conditional covariance matrixUgf. SinceY,,,1 =1 --- L, are
independent, the conditional covariance ma#{}Jg,|C) can be expressed as,

V(UEt|C) = A{V(Y2|C)AI/SZ

V(Y},IC)
/ 0
:At 0 At/Sz
V(Y,IC)
V(Un(C) = (;ar Y:Z\cm,/) /S forrr =1, t. @)
Since
. Ti1
, M .0 L,
Zialr YI2|C = /Zl N2 & |_2 I\II o o . s _air-[lrla{r’]a
Tik

it follows from (3) that
L
/ NNz
(Y1,|C)ay .
/Zair 12/C)a = ZNI( ) (ar,ar)
Thus from (1)

ifr=r’

L
/ ’ o 1 5
2 &V (VilClan/S = { 0 ifr#r,nr=01-- K1

Therefore from (4), we have
V(UEt|C) == It'

3. Asymptotic Distributions

Theorem 1 shows that the elemmaentQgf are uncorollaryrelated and furthermore from
(2) they are linear combinations of, = (Y21, - - , Yk ). However, their weight vectors,
a,’s, depends oM, which makes the asymptotlc theory not straightforward.assume
that whenN, — o the marginal totalsy; andt, forl =1,--- L, satisfy:

(Al)n; /N —vi, O<y; <1,fori=1,2, andtk /N — pk, 0< pk <1, fork=1,2,--- K.

To begin with we review the normal approximation of a mubiplypergeometric distribu-
tion.
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3.1. Normal Approximation of a Multiple Hypergeometric Distribution

Plackett (1981) showed that when assumption (Al) is salisfie asymptotic conditional
distribution ofX; = (Y22, - - , Yix )’ givenC, = {Nn;, N2, T, - - -, Tic }, IS aK — 1 dimensional
normal with meamm;, and covariance matriy;, wherem, = (Mg, - -+ , M)’ andV, ! =
(O1j) With Oy = M3 + M + (Mg + M) dw, for kK =2--- Kandl =1,--- L.
Here the sequencemy}, i =1,2; k=1,2, --- /K, is determined uniquely by equations
SkoiMic = N, Y2, Mic = T, and MM/ MM = Yy, for i =1,2; k=1,2,--- K
andl =1,--- L. It is known (Sinkhorn, 1967) that the sequence may be obthby the
following iterative scaling procedure:

N1
(Z:I].-I)(:KJ k:1727"'7K
(1) N2
My = K
K[1+ Zjﬁz(qll;u —1)/K]
(1) I2Wik
My = 9 k= 27 T K
* KIL+ 35 o0 —2)/K]
m(z) . m|(ik>TIk
ik — 9
i
m<3) My Nii
ik — 9
m<i2.)
@ M T
Irnik (2h—-1) °
m.§
(2h+1) m|(-2h n;
my = nl:<2h> ,h=12-..,andl=1,--- L.
i.

3.2. Asymptotic Distributions Under Hy
We first evaluate the weighay,.. We writeN'?a, = O(1) if and only if N"/?ay, tends to a
constant adl — c.

LEMMA 1. If (Al) is satisfied, then

0] N,*lc"k = 0O(1), where g = ¢, is the r-th power of the k-th Wilcoxon scorollarye in
the I-th table, forr=1,2,--- [ K—-1,k=1,2,--- ,[KandI=1,---,L.

(i) Let a be the k-th elemmaent &f,. Then N'(cy,a0)an = O(1), for r =
1,2,--- K-1,k=12--- ,Kandl=1,--- L.

(iii) Letdx be the k-th componentdf,. If N Vdy=0(1), k=1,2,--- K, then for any
v=12---,we have

(@ N27Hdy||>=O(1),

(b) N"(cr, dy)dwi/||dv|[2=0O(1),1=1,--- L.
(IV) Nlirdlrk:o(l)forr:1727'”7K_1lk:1727”'7Kand|:17'“7|—.
v) Nl/zark:O(l)forr:1727...7K_ ,k=1,2-.. Kandl=1,--- L.

1
Proof. (i) By the definition ofcy, and from
1,---,L. Thusitis obvious thal"c, = O(1).

A1), we may geN, 'c, = O(1) for | =
i) By the definition ofa,, we haveag, =

—_
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1/N"? for all k. So from (i) we obtailN,"""?(c,,a,) = O(1). Thus we have (ii). (iii)
(a) The result may be obtained by the definitiondgf (b) Expanding the inner product
(cr,dy) and applying (i) we may shoW, “"*¥ (¢, d\,) = O(1). Now using (a), the result
follows. (iv) To prove this result we use induction orin case of =1,

O = G — (G1, &o)ayek, fork=1,2,--- K.
Applying (i) and (ii), it follows thatN,dy; = O(1) for k= 1,2, - - - , K. Suppose that the
resultistrue for =1,2,--- ,m— 1. Since

m-1

dm = Cm — (Clm7alj)alj7
2,

m-1
di;
= Cm— (Cim, &0)a0— Y (Cim, dij)
2, (6m

it follows thatN,""d;m« = O(1) from (i), (i) and (iii). So the result is true far=m. Thus
by the induction the result follows. (v) From the definitiohag and also by (iv) the result
is straightforward.

Next, we consider the asymptotic distribution of the teatistics undeH,. To apply the
normal approximation in section 3.1 we representttinensional vectotg, by:

Uge =B'W/S (®)

where
B= (blr)>blr = (aer_ A1, -, Ak — a{rl)/N|1/2, | = 1,---,L;r=1,2,---t,
W= (W£7W2/7 e 7W|_/)/- \M = N|7l/2(X| — n|2T|/N|).
THEOREM 2. Under H,, Qg is asymptotically distributed as a chi-squared distributi
with t degrees of freedomasN o, [ =1,2,--- L.

Proof. From section 3.1 we havey = n;Tx/N;, underH,. Thus the conditional distri-
bution of W givenC = {nj;, N2, Ty, - - - , Tk } converges in distribution tblk_1(0, 3,0) as
N, — o0, where E)l = (Gljk0)1 j, k= 2, - K, with Ojjko = [pﬁl + 5jkp,j<1]/(y|1y|2). Further-
more, sinceN'"“a = O(1) from Lemmama 1(v), we havie, = O(1). Thus as, — oo,

| =1,---,L, it will be easy to show thatlg; = B'W /S converges in distribution to &
dimensional normal distribution with mean zero and the davae matrix
ZlO
V[Ug]w =B’ o 0 B/S (6)
210
Now putting
P2(N—pi2)  —Pi2Piz -+ —PizPik
M, = —PizPiz Pi3(Ni = pia) —Pi3Pik Vitlio,

—PikPi2 —PkPiz - Pk (N —pi)
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we may show
-1

MIEZIK—L
Furthermore, from (1)
M;
, . 0
B 0 B/S ~1i,
My

where~ means that the ratio of the both hands side tends to oNeas», | =1,2,--- , L.
Thus from (6)

V[UEt]oo ~ Ita

andQg; = Ug,Ug, follows asymptotically a chi-squared distribution witdegrees of free-
dom.

3.3. Asymptotic Distribution Under Contiguous Alter natives
In this section we obtain the asymptotic distribution@, under alternative hypothesis
Hy @y =14 A /NY? fork=2,3,--- K, whereA, is a constant.

LEMMA 2. Under H, we may represent m= mf, + N"’ny + O(N"?) for i = 1,2,
k=1,2,---,Kandl=1,--- L, where i, = n;1,/N is the asymptotic mean undegH
and

K

Nip = (—1)”1N|1/2V|1V|2[3|1 Z(Lplj -y
= .
Nic = (—1)'NY2iaYioPi Wik — 1 — Z(‘Pli = D]
=

k=2,3,---,K.

Proof. Adopting the iterative scaling algoritheorem in sectich 8ve have the following
expressions fom;,, M2 ma, m2 andm?, underH;.

Ny
My, = K .l |
@ M2 g;—1 _1/2
= 21—y 2~ 4 o(N

My K [ ]; K +0o(N")]

n C(g; -1 _
i = el 3 T oN ) k=23 K

K
. =1 _
My + (—1)"NiVisVizpiz Z W, —1) +o(N, 1/2),
J:

K
) K 1
m<i2k) = mﬁk + (—1)'N|y|1y|2p|k[q)|k 11— Z("IJ'IT)] + O(Nfl/z),
|=

2
mﬂ 1)
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Using mathematical induction on we may show

m<i|v<) =i, + N|1/2|']|ik + 0(N|1/2)7

k=12---,K,andv=3,4,---. Thus we have the desired results.

THEOREM 3. Under H;, Qg is asymptotically distributed as a non-central chi-squhre
distribution with t degrees of freedom. The noncentraléygmeter is given by = 5, _, &2,

whered, = 51, NYirYiz 3 ko P (Wi — 1) /S.

Proof. From Section 3.1 and Lemmama 2 it follows that unHeythe conditional distri-
bution of W givenC = {ni;,ni2, Tj1, - -+ , T } converges in distribution tdlk_1(Ni2, 30),
wheren;; = (Niz2, - -+, Nix ), andy g is that given in the proof of Theorem 2. Thus under
H,, Ug, = B'W /Sconverges in distribution tbdimentional normal distribution with mean

Ot =B'(N1,---,N1L)'/S

and covariance matriX [Ug].., which is shown to bé in the proof of Theorem 2. The r-th
elemmaent obg,, sayd,, is obtained as:

L K
O = Z Z N|l/2(alrk —ar)Nix/S
=1k=2

From (7) andp;; =1, we have

L K
o = Z NiVi1Yiz z anPik(Wk—1)/S.
=1 k=2

The theorem is immediately obtained from these results.

COROLLARY 1. The power of |3 is approximately maximized whenum, = Bjay, k=
1,2,--- K, forsome constarfy, | =1,2,--- L.

Proof. From the proof of Theorem 3 it follows thaif? follows asymptotically a noncentral
chi-squared distribution with one degree of freedom witheemtral parameté¥. Thus the
asymptotic power ofJ? for testingH, vs.H; may be approximated by

P(U7 > Xi(a)[Ho) = @(3 — x(a)),

where® is the cdf of a standard normal distribution. Sirgenay be represented By =
ZlL:leg(ar,qJ. —1)/S, this power is maximized whet — 1 = Ba,, that is when In
Wik ~ Biay for some constarf,.

From the corollaryollary the statistiQz, = UZ + UZ + --- +U? is viewed as a sum of
the statistics that are asymptotically optimum againsefternatives which are expressed
as log linearities of the odds ratios with scorollaeyg, the standardized r-th power of the
Wilcoxon scorollarye.
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4. Simulation Studies

Simulation was conducted to compare ®g,t = 1,2, 3 4, test with the EMT test (Man-
tel 1963, Landis, Heyman and Koch, 1978, Yanagawa 1986)aBsrthe EMT test with
Wilcoxon scorollarye is equivalent to tiig:, test, we herein considered the EMT test with
scorollaryes 01,2, --- , andK — 1 assigned to categori8s, B,, - - - , andBy, respectively.

First we assessed Type | error of e, t = 1,2, 3,4 and EMT tests at the significance
levela = 0.05. The response probabilities employed are those listédbie 1. We consid-
ered four strata and combinations of response patternsrshmotlie first column of Table
3. For example(.~ ,N,u, U L) in the table means that the response probabilities in the
1st stratum ar@;1; = P21 = 0.1, Pr1o= P12 = 0.15, 113 = P123= 0.2, P11a= Proa= 0.25,
P11s = Pr2s = 0.3; 2nd stratum ar@,1; = Pao1 = 0.1, Poro = P2z = 0.15, Pr1z = Pors= 0.2,
P214 = Po2a= 0.25, po15 = Paos = 0.3; and so on. We generated 10,000, fowr 2 tables for
each combination of patterns and computed empirical sagmtie levels when; =n, =
60,80, and 100. The results are listed in Table 3. The table skiwa¢sType | error of the
Qe: and EMT tests are close to the nominal level for all comboratiof patterns.

Second we assessed the powers of@rgt = 1,2,3 4, and EMT tests. We conducted
similar simulation as above by using again the responseapilities listed in Table 1.
Considering the combinations of pattern of distributionvaffrom {(— ,— ,— ,— ),
(/7/7/7/)1 (\7 NN \)1 ,(JL,JL,JL,JL),(/,H,J“,JL),( \,U,%,M)
(N, 0y ), (U, 0,00}

we computed the powers of the tests for all combinations tépes of each distribution,
48 all together, whem; = n, = 100, = 1,2, 3 and 4. The tests which give the largest
and second largest powers are listed in Table 4a, 4b, ancbdex@mple, the entry of the
2nd row and 3rd column in Table 4a means that when the patfeYn © and that ofy,
is the test with the largest power@z, followed by Qgs; and the entry of the 2nd row and
4th column in Table 4c means that when the patterl pfs and that ofY, then the test
with the largest power iQ¢, followed by Qgs. The tests in the tables show that those tests
have equal powers. The tables show that in most combinatidgamong 48, the powers
of the class of th&)g, test are larger or equal to than those of the EMT test. Tabigt$ |
the maximum, mean and minimum values of the powers of eatlicte48 combinations
of response patterns considered in Table 4. Inspectioneofahle shows that the mean
and minimum powers of th@g, test dominates the corollaryresponding values of the other
tests, and that the maximum powers of the tests are almoat.equ

5. Discussion

TheQg, test is proposed for testing the homogeneity against maatiresponses 2 x K
tables. We took into account the combinations of patterfis@fr and non-linear responses
summarized in Table 1, and shown that the clagdgtest is superior to the extended Man-
tel test (Mantel 1963, Landis, Heyman and Koch 1978, Yanage®86). Those non-linear
patterns we considered often appear, for example, in PHaaadlomized clinical trials for
proving the efficacy of a new drug against the active corntr@thich the efficacy is some-
times categorized as excellent, effective slightly effegtnot effective and aggravation.
We emphasize that in such example, the response probeslike 0.15, 0.25, 0.1, 0.3 and
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Table 3 Estimated Type | errors of the Qg, t =1, 2,3, 4, and extended Mantel test (EMT).
Pattern Sample size Estimated Type | error levels
Mp=n1=1234 Qa2 Qe Qes Qs EMT

(———,—) 60 0.052 0.052 0.052 0.052 0.052

80 0.05 0.048 0.048 0.047 0.051

100 0.049 0.049 0.0.05 0.051 0.049

) 60 0.054 0.052 0.052 0.049 0.054

80 0.051 0.051 0.048 0.047 0.049

100 0.052 0.052 0.051 0.05 0.053

(Y 60 0.053 0.054 0.053 0.05 0.052

80 0.05 0.049 0.05 0.05 0.053

100 0.052 0.051 0.049 0.048 0.05

(N,N,N,N) 60 0.052 0.051 0.049 0.049 0.051

80 0.049 0.048 0.05 0.05 0.049

100 0.052 0.047 0.05 0.05 0.052

(U,U,u,U) 60 0.054 0.056 0.052 0.052 0.054

80 0.051 0.051 0.05 0.048 0.051

100 0.052 0.052 0.051 0.051 0.052

(L) 60 0.053 0.054 0.052 0.053 0.052

80 0.05 0.051 0.051 0.051 0.049

100 0.052 0.051 0.05 0.048 0.052

(QVavavaw) 60 0.052 0.05 0.051 0.052 0.053

80 0.049 0.049 0.05 0.047 0.049

100 0.051 0.052 0.051 0.05 0.052

(VLU LU LY 60 0.054 0.054 0.052 0.051 0.053

80 0.052 0.049 0.051 0.05 0.052

100 0.051 0.052 0.051 0.05 0.052

(") 60 0.052 0.05 0.051 0.049 0.053

80 0.05 0.05 0.05 0.049 0.05

100 0.05 0.051 0.053 0.054 0.05

(N, 0y 60 0.053 0.054 0.051 0.05 0.053

80 0.052 0.049 0.049 0.05 0.052

100 0.053 0.052 0.054 0.05 0.055

(U, v, ) 60 0.054 0.052 0.051 0.048 0.053

80 0.05 0.05 0.049 0.047 0.051

100 0.049 0.048 0.049 0.049 0.048

(N, U, Uy 60 0.053 0.053 0.049 0.051 0.053

80 0.05 0.051 0.051 0.05 0.049

100 0.05 0.049 0.05 0.047 0.05

(U, w0} 60 0.055 0.051 0.048 0.05 0.054

80 0.05 0.051 0.05 0.05 0.049

100 0.052 0.05 0.049 0.048 0.051
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Table 4  Tests which give the largest and second largest powers:
Y2
Y, 7N, | (ONU, L) | (0,00 uy) | (U0, 0, Y)
(————) | Qe4, Qes Qe4, Qg3 Qes, Qes Qe4, Qe2
() | Qea,Qe1 (Qe1, Qe2, Qes, | (Qe1, Qe2,Qes, | EMT, Q2
Qe4, EMT) Qe4, EMT)
(NSNS | (Qes, Qe2, Qeas | (Qe1, Qe2, Qeas | (Qe1, Qe2, Qs | (Qe1, Qe2, Qes,
Qe4, EMT) Qe4, EMT) Qe4, EMT) Qe4, EMT)
(N,N,N,N) | Qez2, Qea (Qe2, Qes, Qe2, Qes (Qe2, Qes,
Qes, EMT) Qe2, Qe1)
(U,U,U,U) | (Qe2, Qes, Qe2, Qes (Qe2, Qes, Qes, Qe2
Qea, EMT) Qe4, Qe1)
() | Qes, Qes (Qe3, Qes, Qe2) | (Qes, Qes, Qe2) | Qea, Qe
(VUYL | (Qes, Qes, Qe2) | Qess Qes (Qes, Qea, EMT) | Qes, Qea
(VLW | Qes, Qes Qe4, Qes Qe4, Qes Qe4, Qes
(U UTY) | Qes, Qes Qe4, Qes Qe4, Qes Qe4, Qe2
(N0 | - Qe4, Qg3 Qe4, Qg1 Qe4, Qg3
(N\U,u,"Y) | Qes, Qes - Qe4, Qg3 EMT, Qs
(N, y) | Qes, Qer Qe1, Q2 - Qe4, Qg3
(U0, ) | Qgs, Qes EMT, Qg1 Qe4, Qes -
Table 5 The maximum, mean and the minimum powers of the tests for 48 combinations of the

patterns in Table 4.

Qer Qez Qes  Qes EMT
Max.| 1 1 1 1 1

Mean| 0.343 0.561 0.7050.832 0.345
Min. | 0.049 0.076 0.0840.154 0.048

0.2,i.e. pattern is not unreasonabile. It is suggested inithelation that when all combina-
tions of those response patterns are taken into accouthest is good choice. Th@g;

is shown to be the sum &f?, r = 1,2,--- t, that are asymptotically optimum against the
alternatives which are expressed as log linearities of tus eatios with scorollaryey,
the standardized r-th power of the Wilcoxon scorollarye.
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