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1. INTRODUCTION

Let X and Yn be two independent random variables from binomial
populations B(m,px) and B(n, py), respectively. The statistical problem
ijs to test the following hypotheses:

against
H'|: Py 7 py

based on the observations of xm and Yn. The following four tests have been
suggested in the literature:

a) Z,-test (See Section 2, (2.1)).

b) Zz-test (See Section 2, (2.2)).

¢) Uniformly most powerful unbiased test (UMPU test) (See Section 2,

(2.4)).

d) The unconditional nonrandomized test (UN test) (See Section 2).

In [8], Robbins raised the following question: Between Z]-test and
Zz-test which one is better with respect to power against various alter-
natives to Ho? He conjectured that Z,-test would be better than the 22-
test in general, but possibly not for all values of m and n. He further
pointed out that for the case m = n, it is always true that |Z;] > |Z,],
with equality only when Xy = Y. In [1], Berengut and Petkau compared
21-test with Zz-test under asymptotic considerations and finite sample
cases. They found the 21-test tended to produce probabilities of type

I error substantially greater than the nominal level, while the Zz-test

tended to produce probabilities of type I error that fluctuate slightly



above the nominal level, they concluded that is was difficult to make
meaningful comparisons of their power. In [3], Eberhardt and Fligner
compared Z]-test with Zz-test in terms of asymptotic efficiency. In case
of finite sample sizes, they pointed out that the size of the Zl-test

(See [4], p.61 for the definition of the size of a test.) may be much
higher than the nominal level. The UMPU test was given in [4]. McDonald,
Davis, and Milliken [6] suggested an unconditional nonrandomized test for
testing H, against H,. Conover [2] pointed out that the choice between
the 21-test and the Zz-test for testing Ho against H is inconclusive.
However, he seemed to prefer the Z]-test to the Zz-test because of consis-
tency properties. Other related discussion can be found in [7].

This article gives results from comparing the four tests in the
finite-sample-size cases based on their powers and some practical consider-
ations. In Section 2, a brief review of the four tests is given. In
Section 3, the powers of the four tests are presented. In Section 4,

various comparisons among four tests have been made.



2. THE FOUR TESTS

For testing HO: Py = py against H1: Py # py, the four tests mentioned

above are stated below:

a) Nominal level a Z]-test

Reject Hj if |Z1| 3-2(]_5) ’
2 (2.1)
Accept Hj if |Z;] < z g ®
(1'5)
where
Py - Py
Z] = ’
VPXU-px) . p,(1-p,)
m n
% X
=M
Px *=™m
|
py n o

and z g is a constant satisfying
1%
2

oz )=1-3

(¢ is the standard normal distribution function).

Remark. In practice, an experimenter first selects a nominal level
a (0 <a < 1) and hopes that the size of the selected test is close to
a. Thus he has some control over the probability of Type I error. But

he does not always achieve the goal. In the case of Z1-test the size of



Z]-test may be much greater than the selected nominal level o (See Section
4, Table 4.1 and Table 4.2). The term "nominal level” is used here to
emphasize that nominal level o is just a number selected by the experi-

menter to determine what z should be used in (2.1). It may not control

2
the size of the selected test.

b) Nominal level a Zz-test

Reject H, if |Z,] > z1 s

N‘Q

(2.2)

Accept H, if |Z,] < z] ,

N‘Q

where

~

22 = A—_pL_
IR

~ X
=_Mm__n
P=m+n

Remark. Both Z; and 22 are indetermined at (xm, Yn) = (0, 0) or (m, n).
We shall define that Z1 = 22 = 0 at these two points. Thus (0, O) and
(m, n) are always in the acceptance region.

c) Nominal level o UMPU test. (See [4] p. 143).

The test is performed conditionally on the integer points of the line
segment xm + Yn = t in the positive quadrant of the xm Yn - plane. Under
HO the conditional probability of Xm = X given xm + Yn = t is the hyper-

geometric

{2:3)



for max(0, t-n) < x < min(t, m). H0 is rejected if Xm becomes too small

or too large. More precisely, a nominal level o UMPU test is defined as:
Given Xm + Yn = t,

Accept Hy if c](t) <X < cz(t)

Reject H if x < c](t) or x > cz(t) (2.4)

Reject H, with probability yi(t), i x=ci(t) for i=1,2;
where c1(t), cz(t) y](t) and yz(t) are determined by

3 px|t)+[1-v; (t)Ip(cy (£} | t)+[T1-v,(t) In(cy(t) [£)=T-a (2.5)
c1(t)<x<c2(t)

and

(x]t) + (x{t)+eq (t)yq(t)p(c (L) |t)
mz:(t)xp x| mg(t)xp x|t)+e, (E)yq (thple, (1)

+ )7y (t)pley(t)[t) = o t (2.6)

m+n

Remark. For the UMPU test one can always choose ci(t), cz(t), Y1(t) and
Yz(t) in such a way the size of the test is exactly equal to the nominal
level. Hence, a nominal level o UMPU test is also a size o UMPU test.

As an example, suppose an investigator wishes to know if the
proportions of defective parts made by two production lines differ
significantly. Let X = the number of defective parts made by the first
production 1ine among the m parts checked. Let Yn = the number of defec-
tive parts made by the second production line among n parts checked. He
assumes that xm and Yn are independent random variables with binomial

distributions B(m, px) and B(n, py), respectively. He wants to test



HO: Py = py against H1: Py # py. Suppost that m = 4 and n = 5 and
nominal level o = 0.05. The UMPU test may be described below:

The investigator must determine the critical region for each value
of Xy * Y5 =t (t=0,1, «cos 9). Examine specifically the outcome of
t =5. When t = 5, the range of the random variable X4 is 0, 1, 2, 3, and

4 with associated probabilities 0.0079, 0.1587, 0.4762, 0.3175 and 0.0397

computed from (2.3). The point x4 = 0 given t = 5 is inside the rejection

region. The points x4 =1 given t = 5 and x4 4 given t = 5 are two
boundary points. We randomized the two boundary points, reject Ho with
probability 0.1203 when x4 =1 given t = 5 is observed, and reject H0 with
probability 0.5794 when x4 = 4 given t = 5 is observed.

d) Nominal level a unconditional nonrandomized test (See [6]).

The critical region for the UN test is obtained in the following
way: First a nominal level a is selected, then for each value of xm_+ Yn
=t (t=0,1, 2, ..., mn), the critical region of the UMPU test for
testing H0 against H.i is determined. Let A be the set of all points
"inside" the critical region of the UMPU test for all t =10, 1, 2, ...,
m+n, then A is the critical region of the UN test for testing Ho against
-H1. Finally, the size of the unconditional nonrandomized test is equal

to the maximum probability of the set A-under H_.. In [5] and [6] the

(i
critical regions of the UN test and their sizes for sample sizes up to 20
are given. For example, if m = 4, n = 5, nominal level a = 0.10 then the
critical region of the UN test for testing Hy against H, is given in

Figure 2.1. Points in the critical region are labeled with a "*",
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Figure 2.1 - Two-sided critical region of the UN test with nominal
level a = 0.10 and with size = 0.078.



3. THE POWERS OF THE FOUR TESTS

For given parameters Py py; sample sizes (m, n) and a nominal
Tevel a, let P](px,py, @, my n), Py(p,s Pys @s M, n)s Pylpys Pys 5 M, n)
and PUN(px’ py, a, m, n) be the probabilities of rejection of the null
hypothesis, HO. based on Zl-test, Zz-test, UMPU test, and UN test,
respectively.

First note that, as has been pointed out in [1],

Pi(px’ pys a, m, n) = Pi(]'px! i'py! G, M, n) (3,1)
for i =1, 2,.
A computer program was used to calculate P1(px, py, a, m, n) and
Pz(px, py’ a, m, n) for the case a = 0.05; Pyo py =0.1 (0.1) 0.9 m=n=275

10, 20, 30, 40, 50, 60, 70, 80, 90, 100; m =10, n =5 m =12, n = 8;
m=15 n=10; m=20, n=15 m= 30, n = 20; and m = 30, n = 40. The
computed powers of Zl-test and Za-test are presented in Tables 3.1 through
3.186.

The powers of the UMPU test may be computed as follows:

m+n
PylPys Pys s M, n) = tZO h(t) (3.2)
where
h(t) = k, t) + g(k, 't)
(e} max (0, t-m§§k<c1(t)g( ) cz(t)5k<£in(m, t)

+ Y}(t) 9(01(t), t) + Yz(t) g(cz(t), )
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(0P, (-2, "M p, SK(1-p )" (EK), for max(0,-n)
g(k, t) = < k < min(m,t)
0 otherwise;

ci(t), yi(t) are constants determined by (2.5) and (2.6).

Remark. Note that

PU(pX’ pys a, m, n) = PU(]-pX’ ]"‘pys o, Mm, n) (3-3)

for all Py> py. The proof of (3.3) is presented in Appendix A.
A computer program was used to calculate Pu(px, Pys @5 M, n) for the
case a = 0.05; Py> Pys = 0.1 (0.1) 0.9 m =n = 5, 10, 20, 30, 40, 50, 60,
70 m=10, n=5;m=15 n=10; m=20, n=15 m= 30, n = 20; and m = &
n = 30. The computed powers are presented in Table 3.17 through 3.29.
The critical regions of the UN test for sample size up to 20 are

given in [5] or [6]. The power of the UN test is equal to

PunPys Pys @ Ms 1) = L (D0, K(1-p " K (Dpb1-p )" (3.0)

¥

where the summation is over all points (k, &), which are in the critical
region specified in [5] or [6]. A computer program was used to calculate
the power of the UN test for the nominal level a = 0.05; Py py = 0.1
(0,1) 0,9: m=n=5,10, 20; m=10, n=5; m=12, n=8; m =15 n = 103
and m = 20, n = 15. The computed results are presented in Table 3.30

through 3.36.
Remark. Using exactly the same reasoning as in (3.3), we can shoﬁ:
PUN(pK’ pyi Qs N, n) = PuN(l'px! 1'Py: o, My Tl) (3.5)

for all Py? py.



Table 3.1 - Powers and probabilities of type I error

10

of Zl-test and Zz-test for m=n=5, «=0.05, m1*=0.]0937, a2*=0.06185

Px
py . o2 .3 4 3
.9 .92981* .82205 .67976 .51938 .35937
.82219** .68767 .56160 43431 .30805
.8 .82205 .67788 .52539 .3787¢9 .25000
.68768 .51006 .37770 .27213 . 18500
-7 .67976 .52539 .38437 .26467 17187
.56160 .37770 .25386 .16914 1117
.6 .51938 . 37879 . 26467 .17958 . 12500
.43431 .27213 .16914 .10650 .Q7250
i .35937 .25000 .17187 .12500 .10937
.30805 . 18500 1117 .07250 .06055
.4 .21753 .14812 .10936 .10157 .12500
.19222 .11501 .07435 .06175 .07250
-3 .10818 .07880 .07849 .10936 .17187
.09872 .06488 .05807 .07435 11117
2 .03942 .04359 .07880 .14812 .25000
.03714 .03835 .06488 .11501 . 18500
.1 .01041 .03942 .10818 .21753 .35937
.01012 .03714 .09872 .19222 . 30805

* 7;-test (for Tables 3.1 to 3.16).
ok Zz-test (for Tables 3.1 to 3.16).

a;* is the size of Z;-test (for Tables 3.1 to 3.16).
ay* is the size of Z,-test (for Tables 3.1 to 3.16).



Table 3.2 - Powers and probabilities of type I error
of Z]-test and Zz-test for m=n=10, «=0.05, a]*=0.09488, a2*=0.04219

Px
Py .1 2 «3 .4 .
.9 .99433 -96800 .90827 .80160 .64787
.98884 . 93666 .82371 .65904 .47136
.8 . 96800 .87294 .73446 .57090 . 39964
.93666 .80539 .62163 .42488 .25423
at .90827 . 73446 .53750 .36089 .22153
.82371 .62163 .41849 24767 .12752
.6 .80160 .57090 . 36089 .20901 .12031
.65904 .42488 .24767 .12861 .06221
B .64787 . 39964 22153 .12031 .08831
47136 .25423 .12752 .06221 .04219
4 .46605 .24578 .12896 .09202 .12031
.29121 13123 .05968 .04031 .06221
3 .28492 .13597 .09488 .12896 .22153
.14304 .05827 .03711 .05968 .12752
b . 13431 .09069 . 13597 .24578 . 39964
.04620 .02993 .05827 .13123 .25423
.1 .05027 .13431 .28492 .46605 .64787

.00904 .04620 .14304 29121 47136




Table 3.3 - Powers and probabilities of type I error

of Z]-test and Zz-test for m=n=20, «¢=0.05, a1*=0.08075, a2*=0.05337

Px
Py . .2 3 4 .5
.9 .99999 .99965 .99423 .96265 .86546
.99998 . 99906 .99044 .95143 .83804
.8 .99965 .99208 .94695 .81533 .58702
.99906 .98169 .90839 .75349 .53085
.7 .99423 .94695 .80751 .57288 .31670
.99044 .90839 71324 .46304 .24517
.6 .96265 .81533 .57288 .31874 .13995
.95143 .75349 .46304 .22183 ,08729
.5 .86546 .58702 .31670 .13995 .08075
.83804 .53085 .24517 .08729 .04253
A4 .67324 .33125 .13326 .07567 .13995
.62332 .29115 .10401 .04822 .08729
.3 .40473 .14038 .06857 .13326 .31670
.35741 .11369 .05326 .10401 .24517
2 .15384 .06534 .14038 .33125 .58702
.13800 .05022 .11369 .29115 .53085
. .03979 .15384 .40473 .67324 .86546
.03867 .13800 .35741 .62332 .83804

12



Table 3.4 - Powers and probabilities of type I error

of Z]-test and Zz-test for m=n=30, «=0.05, a]*=0.06039, a2*=0.05534

Px

p.y .l e «3 .4 -5
.9 1.00000 .99999 .99962 .99316 .95742
1.00000 .99999 .99955 .99274 .94899
.8 .99999 .99919 .98555 .90946 .71345
.99999 .99919 .98528 .90459 .69239
i .99962 .98555 .89619 .66537 .36043
.99955 .98528 .89594 .66312 .35106
.6 .99316 .90946 .66537 .35023 .12472
.99274 .90459 .66312 .34961 12333
. .95742 .71345 .36043 12472 .05219
.94899 .69239 .35106 .12333 .05194
4 .82196 .42339 .13558 .05200 .12472
.79609 .39247 12315 .04882 .12333
.3 .53874 .16326 .05833 .13558 .36043
.49949 .14227 .04870 .12315 .35106
s .21013 .06037 .16326 .42339 .71345
.19395 .04897 .14227 .39247 .69239
» .05511 .21013 .53874 .82196 .95742
.05437 .19395 .49949 .79609 .94899

13



Table 3.5 - Powers and probabilities of type I error

of Z1-test and Zz-test for m=n=40, «=0.05, a1*=0.05903, u2*=0.05903

Px
.1 o2 «3 . s

E¥ 4 5
9 1.00000 1.00000 . 99999 .99930 .98784
1.00000 1.00000 .9999% .99917 .98633
.8 1.00000 .99997 .99792 .96870 .82550
1.00000 .99997 .99791 .96792 .81658
o .99999 99792 .96397 .79668 .46124
+59999 .99791 .96396 .79640 .45805
.6 .99930 .96870 .79668 45777 .15738
.99917 .96792 .79640 .45773 .15714
D .98784 .82550 .46124 .15738 .05669
.98633 .81658 .45805 .15714 .05667
4 .90438 .51685 .15950 .05322 .15738
.90100 .49689 .15216 .05219 .15714
.3 .63362 .18516 .05415 .15950 .46124
.63225 .17697 .04837 .15216 .45805
L .24694 .05169 .18516 .51685 .82550
.24689 .05108 .17697 .49689 .81658
.1 .05875 .24694 .63362 .90438 .98784
.05875 .24689 .63225 .90100 . 98633

14



Table 3.6 - Powers and probabilities of type I error

of 21-test and Zz-test for m=n=50, a=0.05, a]*=0.06130, a2*=0.05689

pX
Py N .2 .3 4 .5
.9 1.00000 1.00000 1.00000 0.99993 0.99722
1.00000 1.00000 1.00000 0.99992 0.99675
.8 1.00000 1.00000 0.99971 0.98971 0.90028
1.00000 1.00000 0.99971 0.98945 0.89479
3 1.00000 0.99971 0.98750 0.87644 0.54807
1.00000 0.99971 0.98750 0.87632 0.54554
.6 0.99993 0.98971 0.87644 0.54335 0.18375
0.99992 0.98945 0.87632 0.54334 0.18360
.5 0.99722 0.90028 0.54807 0.18375 0.05689
0.99675 0.89479 0.54554 0.18360 0.05689
4 0.95888 0.61349 0.18764 0.05319 0.18375
0.95370 0.59531 0.18042 0.05239 0.18360
.3 0.74790 0.22771 0.05542 0.18764 0.54807
0.73445 0.21218 0.04979 0.18042 0.54554
2 0.30755 0.05755 0.22771 0.61349 0.90028
0.30271 0.05217 0.21218 0.59531 0.89479
.1 0.05941 0.30755 0.74790 0.95888 0.99722
0.05057 0.30271 0.73445 0.95370 0.99675

15



Table 3.7 - Powers and probabilities of type I error

of Zl-test and Zz-test for m=n=60, «=0.05, a1*=0.06288, uz*=0.05478
P
Qy .1 .2 .3 .4 .5
.9 1.00000 1.00000 1.00000 0.99999 0.99932
1.00000 1.00000 1.00000 0.99999 0.99930
.8 1.00000 1.00000 0.99996 0.99673 0.94579
1.00000 1.00000 0.99996 0.99660 0.94237
4 1.00000 0.99996 0.99565 0.92453 0.62137
1.00000 0.9999% 0.99565 0.92439 0.61769
.6 0.99999 0.99673 0.92453 0.61225 0.20520
0.99999 0.99660 0.92439 0.61223 0.20493
5 0.99932 0.94579 0.62137 0.20520 0.05479
0.99930 0.94237 0.61769 0.20493 0.05478
.4 0.98008 0.69123 0.21812 0.05215 0.20520
0.97951 0.68354 0.20981 0.05095 0.20493
.3 0.81476 0.25219 0.05523 0.21812 0.62137
0.80215 0.24969 0.05249 0.20981 0.61769
.2 0.36010 0.05439 0.25219 0.69123 0.94579
0.32631 0.04993 0.24969 0.68354 0.94237
il 0.06021 0.36010 0.81476 0.98008 0.99932
0.05045 0.32631 0.80215 0.97951 0.99930

16



Table 3.8 - Powers and probabilities of type I error

of 21-test and Zz-test for m=n=70, «=0.05, a]*=0.06339, a2*=0.05221

px
Py 1 2 3 4 5
.9 1.00000 1.00000 1.00000 1.00000 0.99986
1.00000 1.00000 1.00000 1.00000 0.99984
8 1.00000 1.00000 0.99999 0.99897 0.97038
1.00000 1.00000 0.99999 0.99891 0.96842
.7 1.00000 0.99999 0.99848 0.95364 0.68150
1.00000 0.99999 0.99848 0.95350 0.67713
6 1.00000 0.99897 0.95364 0.66854 0.22298
1.00000 0.99891 0.95350 0.66851 0.22258
.5 0.99986 0.97038 0.68150 0.22298 0.05154
0.99984 0.96842 0.67713 0.22258 0.05153
4 0.99153 0.75584 0.24420 0.04999 0.22298
0.99098 0.74710 0.23568 0.04854 0.22258
;3 0.86352 0.29086 0.05492 0.24420 0.68150
0.86249 0.28025 0.05159 0.23568 0.67713
2 0.38205 0.05183 0.29086 0.75584 0.97038
0.38198 0.05085 0.28025 0.74710 0.96842
¥ 0.05259 0.38205 0.86352 0.99153 0.99986
0.05109 0.33198 0.86249 0.99098 0.99984

17



Table 3.9 - Powers and probabilities of type I error

of Z,-test and Z,-test for m=n=80, a=0.05, a;*=0.05433, a,*=0.05177
Px
_ .1 2 S5 4 + 0
By
9 1.00000 1.00000 1.00000 1.00000 0.99997
1.00000 1.00000 1.00000 1.00000 0.99997
.8 1.00000 1.00000 1.00000 0.99972 0.98447
1.00000 1.00000 1.00000 0.99967 0.98345
ad 1.00000 1.00000 0.99947 0.97199 0.74347
1.00000 1.00000 0.99946 0.97138 0.73103
.6 1.00000 0.99972 0.97199 0.71541 0.24093
1.00000 0.9997 0.97138 0.71512 0.23805
5 0.99997 0.98447 0.74347 0.24093 0.04790
0.99997 0.98345 0.73103 0.23805 0.04778
4 0.99620 0.80182 0.27530 0.05166 0.24093
0.99617 0.80095 0.26514 0.04720 0.23805
3 0.90620 0.31489 0.05180 0.27530 0.74347
0.90284 0.31469 0.05132 0.26514 0.73103
o 0.43830 0.05191 0.31489 0.80182 0.98447
0.42287 0.05028 0.31469 0.80095 0.98345
.1 0.05168 0.43830 0.90620 0.99620 0.99997
0.04878 0.42287 0.90284 0.99617 0.99997

18



Table 3.10 - Powers and probabilities of type I error

of Zl-test and Zz-test for m=n=90, «=0.05, u1*=0.05788, a2*=0.05258

px
Py . .2 .3 .4 .5
.9 1.00000 1.00000 1.00000 1.00000 0.99999
1.00000 1.00000 1.00000 1.00000 0.99999
.8 1.00000 1.00000 1.00000 0.99993 0.99156
1.00000 1.00000 1.00000 0.99992 0.99127
¥ 1.00000 1.00000 0.99986 0.98684 0.80364
1.00000 1.00000 0.99981 0.98358 0.79302
.6 1.00000 0.99993 0.98684 0.77865 0.29021
1.00000 0.99992 0.98358 0.75558 0.26110
.5 0.99999 0.99156 0.80364 0.29021 0.05384
0.99999 0.99127 0.79302 0.26110 0.04450
.4 0.99849 0.84777 0.29765 0.05667 0.29021
0.99830 0.84192 0.29392 0.05205 0.26110
.3 0.93776 0.35069 0.05254 0.29765 0.80364
0.93174 0.34013 0.04972 0.29392 0.79302
.2 0.49091 0.05404 0.35069 0.84777 0.99156
0.46913 0.04882 0.34013 0.84192 0.99127
1 0.05294 0.49091 0.93776 0.99849 0.99999
0.05071 0.46913 0.93174 0.99830 0.99999

19



Table 3.11 - Powers and probabilities of type I error

of Z]-test and Zz-test for m=n=100, o=0.05, a1*=0.05597, az*=0.05597

Py
.1 2 3 .4 .5
1.00000 1.00000 1.00000 1.00000 1.00000
1.00000 1.00000 1.00000 1.00000 1.00000
1.00000 1.00000 1.00000 0.99998 0.99569
1.00000 1.00000 1.00000 0.99998 0.99545
1.00000 1.00000 0.99996 0.99244 0.83279
1.00000 1.00000 0.99996 0.99244 0.83201
1.00000 0.99998 0.99244 0.82607 0.30965
1.00000 0.99998 0.99244 0.82607 0.30963
1.00000 0.99569 0.83279 0.30965 0.05597
1.00000 0.99545 0.83201 0.30963 0.05597
0.99937 0.88297 0.32232 0.05179 0.30965
0.99933 0.87973 0.31640 0.05143 0.30963
0.95585 0.37916 0.05293 0.32232 0.83279
0.99564 0.37073 0.05098 0.31640 0.83201
0.51770 0.05190 0.37916 0.88297 0.99569
0.5176% 0.05132 0.37073 0.87973 0.99545
0.05233 0.51770 0.95585 0.99937 1.00000
0.05195 0.51769 0.95564 0.99933 1.00000
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Table 3.12 - Powers and probabilities of type I error
of Z]-test and Zz-test for m=10, n=5, «=0.05, ay*=0.14952, ay*=0.04999

px
Py L .2 .3 .4 .5
.9 .96800 .90624 .81355 .71206 .61554
.95103 .87660 .77603 .65337 .51548
.8 .88281 .76482 .62409 .49043 .38431
.82174 .67703 .53690 .40559 .28734
7 .75102 .60149 .44967 .32179 .23269
.63845 .46729 .33068 .22404 .14362
.6 .58876 .43887 .30478 .20503 14713
.43218 .28602 .18277 .11308 .06997
.5 41773 .29626 .20035 .14019 .11951
.24150 .14939 .09068 .05830 .04797
4 .26111 .18962 .14530 .12968 14713
.10322 .06472 .04718 .04882 .06997
.3 .13960 .13154 .14819 .17956 .23269
.03194 .03235 .04997 .08641 .14363
.2 .06733 13112 .21874 .30077 .38431
.01497 .04800 .10553 .18617 .28734
N .04787 .19399 .36946 .51035 .61554

.03190 .11542 .23383 37174 .51548




Table 3.13 - Powers and probabilities of type I error

of Z]-test and Zz-test for m=15, n=10, o=0.05, a1*=0.08129, az*=0.06182

pX
P, 1 .2 .3 .4 .5
.9 .99825 .98183 .93156 .83025 .67477
.99823 .98439 .94115 .85007 .70159
.8 .98440 .90895 .76758 .58674 .39800
.98048 .90802 .77820 .60721 .42130
.7 .94116 .77862 .56172 .35958 .20487
.91789 .75818 .55748 .36461 .21046
.6 .85008 .60740 .36617 .19410 .09844
.78193 .55425 .34505 .18901 .09585
.5 .70163 .42166 .21180 .09886 .06532
.58417 .34081 .17989 .08996 .06141
4 .50555 .25215 11273 .06943 .09844
.37459 .17400 .08327 .06134 0.9585
.3 .29559 .12902 .07782 .10827 .20487
.19221 .07972 .06182 .10808 .21046
.2 .12347 .07949 .12497 .23514 .39800
.06363 .05564 .12205 .25046 .42130
B .03879 .13440 .29987 .48740 .67477
.02375 .11880 .29434 .50528 .70159

ez



Table 3.14 - Powers and probabilities of type I error

of 21-test and Zz-test for m=20, n=15, a=0.05, a1*=0.06816, a2*=0.06080

px
E!, . .2 .3 4 .5
.9 0.99993 0.99806 0.98600 0.93913 0.81571
0.99992 0.99685 0.97714 0.91632 0.78697
.8 0.99791 0.97281 0.89331 0.74606 0.53358
0.99784 0.96814 0.86414 0.68303 0.46680
.7 0.98355 0.88786 0.69739 0.47489 0.27346
0.98348 0.88267 0.66714 0.41565 0.21713
.6 0.93077 0.72642 0.45801 0.24148 0.11342
0.93092 0.72350 0.44148 0.21082 0.08584
.5 0.80422 0.50822 0.24888 0.10460 0.06281
0.80589 0.50739 0.24311 0.09239 0.04790
.4 0.58898 0.28604 0.11321 0.06676 0.11342
0.59664 0.28636 0.10985 0.05329 0.08584
.3 0.32643 0.12192 0.06708 0.12649 0.27346
0.34667 0.12247 0.06044 0.09853 0.21713
.2 0.11341 0.06179 0.12741 0.30023 0.53358
0.14066 0.05647 0.11459 0.26304 0.46680
A 0.03910 0.15568 0.35521 0.60185 0.81571
0.03624 0.11197 0.32433 0.57808 0.78697




Table 3.15 - Powers and probabilities of type I error

of Z]-test and Zz-test for m=30, n=20, a=0.05, a1*=0.07137, a2*=0.05632

Px
Py " | ol "l .4 oh
.9 1.00000 0.99991 0.99799 0.98305 0.92069
1.00000 0.99991] 0.99751 0.97557 0.88323
.8 0.99990 0.99597 0.96334 0.85259 0.64272
0.99987 0.99565 0.96207 0.83892 0.59236
.7 0.99749 0.96414 0.83188 0.58753 0.32272
0.99694 0.95939 0.82754 0.57935 0.29834
.6 0.97790 0.85238 0.59201 0.30696 0.12072
0.97579 0.83436 0.57757 0.30195 0.11441
3 0.89984 0.62723 0.32310 0.12123 0.05843
0.89670 0.60010 0.30139 0.11565 0.05632
4 0.71360 0.34659 0.12793 0.06126 0.12072
0.71199 0.32823 0.11135 0.05208 0.11441
= | 0.42664 0.13251 0.06358 0.13569 0.32272
0.42872 0.12427 0.04560 0.10622 0.29834
.2 0.15483 0.06777 0.16168 0.38007 0.64272
0.15885 0.04264 0.10519 0.30546 0.59236
.1 0.06492 0.23335 0.4989%4 0.75907 0.92069
0.03247 0.11371 0.36060 0.66691 0.88323
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Table 3.16 - Powers and probabilities of type I error

of ZI -test and Zz-test for m=40, n=30, o=0.05, u]*=0.05098, 012*=0.05303

Px
Py .1 .2 .3 4 B
9 1.00000 1.00000 0.99993 0.99820 0.97944
1.00000 1.00000 0.99992 0.99755 0.97184
.8 1.00000 0.99980 0.99419 0.94311 0.78916
1.00000 0.99977 0.99326 0.94253 0.76461
oI 0.99990 0.99355 0.93575 0.73843 0.42591
0.99990 0.99333 0.92996 0.72174 0.40511
.6 0.99734 0.94095 0.73307 0.40693 0.14684
0.99734 0.94068 0.72582 0.38849 0.13566
#B 0.97292 0.76101 0.40722 0.14422 0.05800
0.97293 0.76091 0.40453 0.13720 0.05178
4 0.85709 0.45229 0.14253 0.05767 0.14684
0.85737 0.45222 0.14131 0.05297 0.13566
i 0.56442 0.16567 0.05919 0.16413 0.42591
0.56753 0.16469 0.05070 0.14362 0.40511
.2 0.19656 0.06064 0.19216 0.49330 0.78916
0.20786 0.05070 0.15632 0.44501 0.76461
" 0.05791 0.26452 0.61296 0.88026 0.97944
0.04886 0.20500 0.55854 0.84884 0.97184
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Table 3.17 - Powers of UMPU test

for m=n=5, «a=0.05

Px

y . i e .4 .5
w .78608 .61919 .46102 .32433 .21565
.8 .61919 .45653 .32153 .21576 .13844
il .46102 +32153 21537 .13873 .08780
.6 .32434 .21576 .13873 .08791 .05922
5 .21566 .13844 .08780 .05922 -—
.4 .13664 .08719 .05913 -—-- .05922
53 .08544 .05881 - .05913 .08780
.2 .05812 -—- .05881 .08719 .13844
ol - .05812 .08544 .13664 .21566




Table 3.18 - Powers of UMPU test for m=n=10, a=0.05

Px

Py X v .3 4 )

9 .98260 .92306 .81244 .65690 47734
.8 .92306 .78338 .60785 .42747 .26845
sd .81244 .60785 41219 .25239 .13890
.6 .65690 42747 25239 .13584 .07089
<5 47734 .26845 .13890 .07089 -—-

.4 .30357 .14832 .07224 -—- .07089
3 .16440 .07492 -—- .07224 .13890
.2 .07827 -— .07492 .14832 .26845
N -—- .07827 .16440 . 30357 47734
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Table 3.19 - Powers of UMPU test for m=n=20, «=0.05

Px .

Py .1 w2 .3 .4 -

.9 .99998 .99893 .98824 .93984 .81325
.8 .99893 .98197 .90919 . 74546 .50821
.7 .98824 .90919 .72438 47467 .24540
.6 .93984 . 74547 .47467 .23789 .09536
5 .81325 .50821 .24540 .09536 ---

.4 .59596 .27108 .09885 -— .09536
.3 .33763 .00787 --- .09885 .24540
2 .13045 -- .10787 .27108 .50821
. -—- .13045 .33762 .59596 .81325
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Table 3.20 - Powers of UMPU test for m=n=30, a=0.05

Px

Py .1 .2 .3 .4 .5

9 1.00000 0.99999 0.99926 0.98982 0.93837
.8 0.99999 0.99856 0.97935 0.88660 0.66495
ad 0.99926 0.97935 0.86925 0.62404 032725
.6 0.98982 0.88660 0.62404 0.31291 0.10934
.5 0.93837 0.66495 0.32725 0.10934 -—-

4 0.78021 0.37083 0.11581 --- 0.10934
.3 0.48812 0.13682 -—- 0.11581 0.32725
.2 0.18555 --—- 0.13682 0.37083 0.66495
¥ -—- 0.18555 0.48812 0.78021 0.93837




Table

3.21 - Powers of UMPU test for m=n=40, «=0.05

Px

Py 1 .2 .3 4 .5

.9 1.00000 1.00000 0.99998 0.99906 0.98489
.8 1.00000 0.99995 0.99715 0.96364 0.81195
7 0.99998 0.99715 0.95542 0.77383 0.44225
.6 0.99906 0.96364 0.77383 0.42778 0.14401
.5 0.98489 0.81195 0.44225 0.14401 ---

4 0.89298 0.49466 0.15231 ——- 0.14401
3 0.61571 0.17405 - 0.15231 0.44225
.2 0.23157 --- 0.17405 0.49466 0.81195
1 --- 0.23157 0.61571 0.89298 0.98489
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Table

3.22 - Powers

of UMPU test for m=n=50, a=0.05

pX

Py N .2 .3 .4 .5
.9 1.00000 1.00000 1.00000 0.99991 0.99626

1.00000 1.00000 0.99959 0.98790 0.89122
.7 1.00000 0.99959 0.98412 0.86046 0.53013
.6 0.99991 0.98790 0.86046 0.51371 0.16901
.5 0.99626 0.89122 0.53013 0.16091 ---
.4 0.94933 0.58897 0.17957 - 0.16091
.3 0.71743 0.20736 --- 0.17957 0.53013
.2 0.28107 —- 0.20736 0.58897 0.89122
B s 0.28107 0.71743 0.94933 0.99626
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Table 3.23 - Powers of UMPU test for m=n=60, «=0.05
Px
EY__ . .2 3 4 3
.9 1.00000 1.00000 1.00000 0.99999 0.99913
.8 1.00000 1.00000 0.9999%4 0.99618 0.93914
T 1.00000 0.9999%4 0.99457 0.91602 0.60818
.6 0.99999 0.99618 0.91602 0.59018 0.19396
o5 0.99913 0.93914 0.60818 0.19396 ---
4 0.97701 0.66991 0.20698 --- 0.19396
3 0.79627 0.24065 .- 0.20698 0.60818
v 0.32982 —-- 0.24065 0.66991 0.93194
5 --- 0.32982 0.79627 0.97701 0.99913
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Table 3.24 - Powers of UMPU test for m=n=70, 0=0.05
Px
py . .2 .3 .4 "
.9 1.00000 1.00006 1.00000 1.00000 0.99981
.8 1.00000 1.00000 0.99999 0.99885 0.96685
.7 1.00000 0.99999 0.99822 0.95064 0.67657
.6 1.00000 0.99885 0.95064 0.65749 0.21895
.5 0.99981 0.96685 0.67657 0.21895 ---
.4 0.98939 0.73760 0.23441 ~—- 0.21895
. 0.85012 0.27255 --= 0.23447 0.67657
2 0.38480 -- 0.27255 0.73760 0.96685
+1 -—- 0.38480 0.85012 0.98939 0.99981




Table 3.25 - Powers of UMPU test for m=10, n=5, «=0.05

pX

Py 1 .2 .3 .4 .5

.9 .89145 .75541 .59215 .42491 .27868
.8 .74959 .57558 .41292 .27527 .17059
.7 .59219 .41486 .27374 .17007 .10105
.6 .43775 .28068 17137 10117 .06238
.5 .30018 .1769 .10220 .06245 i

.4 .18905 .10480 .06270 - .06238
.3 .10986 .06323 e .06240 .10105
.2 .06419 — .06237 .10087 .17059
B --- .06226 .09977 .16954 .27868
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Table 3.26 - Powers of UMPU test for m=15, n=10, a=0.05

35

Px

Py Y | .2 3 .4 5

-9 .99563 .96559 .88549 .74599 .56146
.8 .96847 .86630 .69862 .50125 .31534
.7 .89555 .70850 .49087 .29825 .15876
.6 . 76400 .51828 .30472 .15725 .07603
8 58259 -33093 .16468 .07714 ---

4 .38237 .17899 .07973 -—- .07603
3 .20564 .08285 -—- .07745 .15876
2 .08907 - .08118 .17088 .31534
o --- .08647 .19520 .36458 .56146




Table 3.27 - Powers of UMPU test for m=20, n=15, a=0.05

36

Px

Py 1 .2 .3 .4 8

.9 .99984 . 99602 .97241 .89710 .74283
.8 .99589 .96044 .85521 .66964 .44131
ol .97183 .85519 .64857 .41158 .21304
.6 .89685 .67128 .41236 .20718 .08790
5 .74510 .44486 .21410 .08798 -—

.4 .52559 .23736 .09111 --- .08790
o .29180 .09878 .- .09078 .21304
iE +11570 -— .09802 .23441 44131
3 - .11357 . 28607 .52002 .74283




Table 3.28 - Powers of UMPU test for m=30, n=20, a=0.05

pX

Py 1 .2 .3 .4 .5
.9 1.00000 0.99984 0.99655 0.97240 0.88147

0.99981 0.99385 0.95168 0.81948 0.58321
7 0.99613 0.95177 0.80145 0.54644 0.28418
.6 0.97074 0.82154 0.54922 0.27585 0.10474
.5 0.88006 0.58813 0.28691 0.10472 -e-
.4 0.68219 0.31995 0.10958 --- 0.10474
.3 0.40190 0.12127 - 0.10873 0.28418
.2 0.15147 -- 0.11972 0.31489 0.58321
1 - 0.14711 0.39248 0.67782 0.88147
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Table 3.

29 -~ Powers of UMPU test for m=40, n=30, a=0.05

pX

Py 1 .2 .3 .4 .5

.9 1.00000 1.00000 0.99988 0.99685 0.96799
.8 1.00000 0.99969 0.99202 0.93484 0.74712
.7 0.99985 0.99182 0.92222 0.70786 0.38860
.6 0.99644 0.93403 0.70736 0.37584 0.13042
.5 0.96637 0.74736 0.38929 0.12989 —

4 0.83794 0.43532 0.13708 s 0.13042
.3 0.54695 0.15534 — 0.13667 0.38884
.2 0.20425 . 0.15409 0.43277 0.74712
1 s 0.20105 0154363 0.83920 0.96799




Table 3.30 - Powers and probabilities of type I error
of UN test for m=n=5, a=0.05, o*=0.02148

Px

P, .1 2 .3 4 W5

.73610 .54285 .36705 .22449 .12098
.8 . 54285 . 37581 .24195 .14236 .07450
F .36705 .24195 .14945 .08514 .04411
.6 .22449 .14236 .08514 .04804 .02700
8 .12098 .07450 .04411 .02700 .02148
4 .05479 .03332 .02134 .01884 .02700
-3 .01905 .01233 .01210 .02134 .04411
.- .00423 .00467 .01233 .03332 .07450
.1 .00055 .00423 .01905 .05479 .12098

o* is the size of UN test (for Table 3.30 to 3.36)



Table 3.31 - Powers and probabilities of type I error

of UN test for m=n=10, a=0.05, a*=0.04219

40

Px

Py .1 4 v 4 9

9 . 98884 .93666 .82371 .65904 47136
.8 .93666 .80539 .62163 .42488 .25423
o7 .82371 .62163 .41849 .24767 .12752
.6 .65904 .42488 .24767 .12861 .06221
#9 .47136 .25423 - 14752 .06221 .04219
.4 29121 .13123 .05968 .04031 .06221
3 .14304 .05827 .03711 .05968 ] 24 DE
2 .04620 .02993 .05827 .13123 .25423
.1 .00904 .04620 .14304 .29121 .47136




Table 3.32 - Powers and probabilities of type I error

of UN test for m=n=20, a=0.05, a*=0,04643

Px

Py | sl gy .4 w3

.9 .99998 . 99888 .98768 .94088 .82166
.8 .99888 .98081 .90140 .72786 .49233
| .98768 .90140 .70520 .44668 .22190
.6 . 94088 .72786 .44668 +21357 .07999
. .82166 .49233 .22190 .07999 .03927
.4 .60854 .26511 .08761 .03996 .07999
a .33871 . 10502 .04501 .08761 .22190
-, .11026 .04430 .10502 .26511 .49233
<1 .01684 .11026 . 33871 .60854 .82166
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Table 3.33 - Powers and probabilities of type I error

of UN test for m=10, n=5, a=0.05, a*=0.04126

42

Px

Py .1 2 3 .4 5

.9 .91997 .80131 .62939 .42917 .24063
.8 .77940 .61655 .44104 27135 . 14664
i .61030 .43983 .28955 .16929 .08595
.6 .43914 .28808 . 17566 .09735 .05211
.5 . 28545 . 16990 .09692 .05496 .04126
.4 .16918 .08721 .04870 .03687 .05211
-3 .07494 .03687 .02519 .03948 .08595
% .02417 .01226 .02034 06111 . 14664
| .00334 .00497 .02889 .10233 . 24063




Table 3.34 - Powers and probabilities of type I error

of UN test for m=12, n=8, a=0.05, a*=0.04337

43

Px

py ol " g .4 oy

.9 .98725 .92213 .78500 .60976 .43272
.8 .93401 .79791 .59148 . 38377 .22490
ot .82090 .63095 .41298 .22976 11339
.6 .65802 .44608 .26014 .12802 .05921
58 47511 .27606 . 14407 .06762 .04306
.4 .30322 .14631 .07096 .04337 .05921
. .16300 .06635 .04144 .05656 .11339
o .06450 .03174 .05569 .11987 .22490
il .01289 .03430 .12348 .26626 43272




Table 3.35 - Powers and probabilities of type I error

of UN test for m=15, n=10, o=0.05, o*=0,04034

Px

py ) S - .4 35

.9 .99598 .96897 .88629 .73263 .52245
.8 .96355 .86617 .69583 .48302 .28332
wd .87490 .68948 .47843 .28083 .13736
.6 .72579 .47822 .28221 .14214 .06282
53 .53909 .28410 -13959 .06410 .04034
4 35125 .14198 .05887 .03750 .06282
.3 .19318 .05955 .03128 .05751 13736
2 .07969 .02525 .04802 .13403 .28332
il .01585 .02568 11759 .29779 .52245




Table 3.36 - Powers and probabilities of type I error

of UN test for m=20, n=15, a=0.05, a*=0.04656

45

pX

Py R .2 .3 4 .5

.9 .99991 .99672 .97358 .89211 .71580
.8 .99700 .96723 .86096 .66463 .41951
53 .97356 .87390 .66319 .40823 .19998
.6 .89082 .69084 .43103 .20749 .08155
.5 .72330 .44594 .22445 .08865 .04633
4 .49632 .22048 .08908 .04612 .08155
.3 .26837 .08052 .03855 .07703 .19998
2 .09396 .02982 .06914 .20133 .41955
1 .01275 .05354 .21352 .46314 .71580
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4, COMPARISONS OF THE FOUR TESTS

Various comparisons among four tests based on their power and some
practical considerations are made in this section. Considering power
comparisons of the four tests, it is clear that no one test is uniformly
"better" than the others. Thus let us first state, two desired properties
of a good test that we hope will help us to make the comparisons easier.
This properties are based primarily on practical considerations and are:

(I) The test should not depend on randomization. Since a randomized
test has been rarely used by experimenters in practice, dependence on
randomization is not a desired property. Among the four tests, the UMPU
test is the only one that does not satisfy property I.

(II) The size of the test is close to the predetermined nominal
level. An experimenter wants to control the probability of type I error
by selecting the nominal level. If the size of a test is higher than the
nominal level, then the experimenter has no control of type I error.

The UMPU test certainly satisfies property II. As a matter of fact,
for any predetermined nominal level, one can always find a UMPU test such
that the size of the test is that of the nominal level. From the way one
derives the rejection region of a UN test, it is clear that the size of
a UN test is always less than or equal to the nominal level., Hence, the
UN test also satisfies property II.

However, the Zl-test does not satisfy property II. Examine specif-
ically the cases for o = 0.05 or 0.01. Let aq* be the corresponding size
of the Z,-test. Table 4.1 and Table 4.2 below indicate that a;* may be
far higher than the nominal level set by the experimenter. In the case

that @« = 0.05, m =10 and n = 5, u]* is almost three times larger than



Table 4.1 - The sizes of the Zrtest when the nominal level a = 0.05

m 5 10 20 30 40 50 60 70
n 5 10 20 30 40 50 60 70
a1* .1094 .0949 .0808 .0604 .0590 .0613 .0629 .0634

m 80 90 100 10 15 20 30 40
n 80 90 100 5 10 15 20 30
a]* .0543 .0579 .0560 .1492 .0813 .0682 .0714 .0610

Table 4.2 - The sizes of the Zl-test when the nominal level a = 0.01

m 5 10 20 30 40 50 60 70
n 5 10 20 30 40 50 60 70
a*  .0619  .0422 .0167 .0136 .0146 .0132 .0134 .0140

m 80 90 100 10 15 20 30 40
n 80 90 100 5 10 15 20 30
a* .0140 .0137 .0131 .0784  .0307 .0243 .0193 .0149
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the nominal level. This result was also pointed out in [1] and [3].

For the Z,-test, examine the case where the nominal level, o, is 0.05
and 0.01. The sizes of the Z,-test (denoted by az*) for various sample
sizes are listed in Table 4.3 and Table 4.4 below. From these two tables,
we might say that the sizes of the Zz-test tend to fluctuate slightly
above the nominal level. The studies made by Berengut and Petkau [1] also
support the above observation. Hence we conclude that Zz-test satisfies
property II.

Now we shall compare the tests in terms of their powers. Since the
size of the Z,-test could be much higher than the predetermined nominal
level for small or moderate sample sizes, it is difficult to make meaning-
ful comparisons between the 21-test and the other three tests based on
their powers, so the 21-test is omitted from the comparisons below.

First let us compare the powers of Zz-test and UMPU test. Since the
sizes of the Z,-test fluctuate below and above the nominal level while the
sizes of the UMPU test are always equal to the nominal level, it is clearly
improper just to compare their powers only without considering the sizes
of the tests. One reasonable way to compare the two tests, suggested
below, takes the sizes of the two tests into account. Let DEPU,E denote
the difference of the effective powers between the UMPU test and the Z,-

test. For Py # py’ DEPU’2 is defined as
DEPU,z(pX’ Py;a- s My l'l) = [Pu = aU*.] - [92 - (12*] (4-])

where



2

Table 4.3 - The sizes of the Z,-test when the nominal level a = 0.05
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m 5 10 20 30 40 50 60 70
n 5 10 20 30 40 50 60 70
aa* .0619 .0422 .0534 ,0553 .0590 .0569 .0548 .0522
m 80 90 100 10 15 20 30 40
n 80 90 100 5 10 15 20 30
az* .0517 .0%26 .0559 ,0500 .0618 .0608 .0563 .0530
Table 4.4 - The sizes of the Zz-test when the nominal level o = 0.01
m 5 10 20 30 40 50 60 70
n 5 10 20 30 40 50 60 70
az* .0215 .0128 .0111 ,0135 .0108 .0120 .0106 .0105
m 80 90 100 10 15 20 30 40
n 80 90 100 5 10 15 20 30
* .. 0102 .0104 .0104 .0093 .0102 .0092 .0093 .0110

o




50

PU = PU(PX. pys o, m, n)s
au* = the size of a nominal level o UMPU test with sample sizes
(m,n),
Py = Pylpys Pys s M, n),
“2* = the size of a nominal level o Zz-test with sample sizes (m,n).

Remark 1. Equation (4.1) may be rewritten as

DEPU,2 = -(62 + 0-2*) * (BU + QU*) (4-2)
where

BU =1 - PU = the probability of Type II error of the UMPU test,

By = 1 - P2 = the probability of Type II error of the Zz-test.

We feel that if neither az* nor aU* differ much from the nominal level a,

then DEP is a reasonable measurement to compare two tests. In our case

U,2
au* = o and az* is always close to a.

Remark 2. Positive values of DEPU 2 indicate that UMPU test is better but

negative values of DEPU 2 indicate otherwise. DEPU 2 has been computed

for the case, nominal level o = 0.05; Pys P 0.1 (0.1)0.9; m=n = 5,

y
100, n=5;m=15, n=10; m = 20, n = 15;

10, 20, 30, 40, 50, 60, 70; m
m=30,n=20andm= 40, n = 30. We present some of the results in

Table 4.5 to Table 4.12.
Remark 3. Using equations (3.1) and (3.3), it is easy to show that

DEPU’Z(Px, pys @, M, n) = DEPU’2(1-px, 1-pys o, m, n} ... (4.3)

Hence, in Table 4.5 to Table 4.12, only one part of the values of DEPU 2

are presented.



Table 4.5 - DEPU 2 values form=n = 5, a = 0.05, aU* = (.05,

“2* = (0.06185
Py

py 31 2 «3 4 B

.9 -0.02426 -0.05663 -0.08873 -0.09813 -0.08054
.8 -0.05664 -0.04168 -0.04432 -0.04452 -0.03471
.7 -0.08873 -0.04432 -0.02664 -0.01856 -0.01152
.6 -0.09812 -0.04452 -0.01856 -0.00674 -0.00143
.5 -0.08054 -0.03471 -0.01152 -0.00143 ---
.4 -0.04373 -0.01597 -0.00337 -—- -0.00143
a3 -0.00143 0.00578 -— -0.00337 -0.01152
- 0.03283 -—- 0.00578 -0.01597 -0.03471
ok - 0.03283 -0.00143 -0.04373 -0.08054
Table 4.6 - DEPU,2 values for m = 10, a = 0.05, aU* =

uz* = 0.04219
px

Py A .2 3 .4 <D

.9 -0.01397 -0.02141 -0.01908 -0.00995 -0.00183
.8 -0.02141 -0.02982 -0.02159 -0.00522 0.00641
.7 -0.01908 -0.02159 -0.01411 -0.00309 0.00357
.6 -0.00995 -0.00522 -0.00309 -0.00058 0.00087
.5 -0.00183 0.00641 0.00357 0.00087 -—-
4 0.00455 0.00928 0.00475 -—- 0.00087
.3 0.01355 0.03718 - 0.00475 0.00357
.-, 0.02426 --- 0.03718 0.00928 0.00641
1 -— 0.02426 0.01355 0.00455 -0.00182




Table 4.7 - DEPU’2 values form =n = 20, a = 0.05, aU* = 0.05,
az* = 0.05337
pX

Py a1 2 s .4 5

.9 0.00337 0.00324 0.00117 -0.00822 -0.02142
.8 0.00324 0.00365 0.00417 -0.00466 -0.01934
.7 0.00117 0.00417 0.01451 0.00826 0.00360
.6 -0.00822 -0.00465 0.01500 0.01943 0.01144
.5 -0.02142 -0.01934 0.00360 0.01144 ---
.4 -0.02398 -0.01670 -0.00179 -—- 0.01144
3 -0.01641 -0.00245 --- -0.00179 0.00360
.2 -0.00418 --- -0.00245 -0.01670 -0.01934
= --- -0.00418 -0.01641 -0.02398 -0.02142
Table 4.8 - DEPU’2 values for m = n = 30, a = 0.05, aU* = 0.05,

az* = 0.05534
Px

Py 1 2 .3 .4 5

.9 0.00534 0.00534 0.00505 0.00242 -0.00528
.8 0.00534 0.00471 -0.00059 -0.01325 -0.02210
- 0.00505 -0.00059 -0.02135 -0.03374 -0.01847
.6 -0.00242 -0.01265 -0.03374 -0.03136 -0.00865
.5 -0.00528 -0.02210 -0.01847 -0.00865 ---
.4 -0.01054 -0.01630 -0.00153 -—- -0.00865
.3 -0.00573 -0.00011 -—- -0.00153 -0.01847
.2 -0.00306 --- -0.00011 -0.01630 -0.02210
. --- -0.00306 -0.00573 -0.01054 -0.00528
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Table 4.9 - DEPU’2 values form = 10, n = 5, o = 0.05, aU* 0.05,

“2* = (.04999

Px _

'y « ol ol .4 B
.9 -0.05959 -0.12120 -0.18389 -0.22847 -0.23681
.8 -0.07216 -0.10146 -0.12399 -0.13033 -0.11676
7 -0.04627 -0.05244 -0.05695 -0.05398 -0.04259
.6 0.00556 -0.00535 -0.01141 -0.01192 -0.00760
5 0.05867 0.02756 0.01151 0.00414 ---
4 0.08582 0.04007 0.01551 --- -0.00760
3 0.09488 0.03087 --- -0.02402 -0.04259
.2 0.03228 --- -0.04317 -0.08531 -0.11676
| --- -0.05317 -0.13407 -0.20220 -0.23681
Table 4.10 - DEF'U’2 values for m = 15, n = 10, a = 0.05, au* = 0.05,

uz* = 0.06182

Px

v .1 2 <3 4 <5
.9 0.00922 -0.00698 -0.04384 -0.09226 -0.09831
.8 -0.00019 -0.02990 -0.06776 -0.09414 -0.09414
o7 -0.01052 -0.03786 -0.05479 -0.05454 -0.03988
.6 -0.00611 -0.02415 -0.02851 -0.01994 -0.00800
5 0.01024 0.00194 -0.00339 -0.00100 -—-
4 0.01960 0.01681 0.00831 --- -0.00800
.3 0.02525 0.01495 -—- -0.01881 -0.03988
.2 0.03726 --- -0.02905 -0.06776 -0.09414
« --- -0.02051 -0.08732 -0.12888 -0.09831




Table 4.11 - DEPU 9 values for m

=20, n =15, a = 0.05, aU* = 0.08;
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“2* = 0.0608
Py

py | .2 .3 4 .5

.9 0.01072 0.00997 0.00607 -0.00842 -0.03334
.8 0.00885 0.00310 0.00187 -0.00259 -0.01469
.7 -0.00085 -0.01668 -0.00777 0.00673 0.00671
.6 -0.02327 -0.04142 -0.01832 0.00716 0.01286
.5 -0.04999 -0.05173 -0.01821 0.00639 -—
.4 -0.06025 -0.03820 -0.00795 - 0.01286
.3 -0.04407 -0.01289 - 0.00305 0.00670
2 -0.01416 - -0.00577 -0.01783 -0.01469
.1 -—— 0.01240 -0.02746 -0.04726 -0.03334
Table 4.12 - DEPU 2 values for m = 40, n = 30, o = 0.05, au* = 0.05,

| a,* = 0.053
Py

py o | i@ o .4 .5

.9 0.00303 0.00303 0.00299 0.00233 -0.00082
.8 0.00303 0.00295 0.00179 -0.00466 -0.01446
.7 0.00298 0.00152 -0.00471 -0.01085 -0.01324
.6 0.00213 -0.00362 -0.01543 -0.00962 -0.00221
.5 -0.00353 -0.01052 -0.01221 -0.00428 -
.4 -0.01640 -0.01387 -0.00120 - -0.00221
o3 -0.01755 -0.00632 -— -0.00392 -0.01324
.2 -0.00058 - 0.00080 -0.00921 -0.01446
| -—— -0.00092 -0.01188 -0.00661 -0.00082




For both sample sizes exceeding 30, values of DEPU’2 are fairly close
to zero. Form=n =5, 10, and 20 (See Table 4.5 to Table 4.7) values of
DEPU’2 range from -0.09813 to 0.03282 and are less than 1 percent for all
except a few values of Py and py. For the cases m = 10, n = 5; m = 15,
n=10; m= 20, n=15; and m = 40, n = 30 (See Table 4.8 to Table 4.12),
values of D'EPU’2 range from -0.23681 to 0.09488, and the values of DEPU,2
are less than 2 percent for most cases. Hence we conclude that, in terms
of DEPU,Z’ Zz-test is quite comparable with UMPU test.

Next we compare Zz-test with UN test in terms of their powers and
sizes. Since the sizes of UN test for various sample sizes up to 20 are
given either in [5] or in [6], an experimenter can always choose nominal
level to be equal to the size given in [5] or in [6]. Hence, in the
following when we make comparisons between Zz-test and UN test, we choose
the size of UN test given in [5] or in [6] as the nominal level and then
compare the two tests the same way we did for UMPU test and Zz—test. Let

DEP denote the differences of the effective powers between UN test and

UN,Z
Zz-test. For Py # py. DEPUN,Z is defined as:

DEPUN,Z(pX’ py’ a, m, n) =(PUN - GUN*) - (Pz - GZ*) (4.4)
where

PUN = PUN(DX, Pys o, M, n),

y* = the size of the UN test with sample sizes {(m,n).

We have always selected the size of UN test presented in [5] or in [6]

as the nominal level a, hence “UN* = 0.
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Remark 1. Positive values of DEPUN 2 indicate that UN test is better but

negative values of DEPUN 2 indicate otherwise. DEPUN 2 has been computed
;] 3

for case Py py = 0,1 (0.1) 0.9 m=n=5, 10, 20 m =10, n = 5; m = 12,
n=18; m=15,n=10; m = 20, n = 15 for various nominal levels. When
a=0.02148, m=n=50ra=0,04219, m=n = 10; DEPUN 5 = 0 for all

L ]

Py s py = 0.1 (0.1) 0.9. The computed values of DEPUN 5 for the other cases

are presented in Tables 4.13 to 4.16

Remark 2. Using equations (3.1) and (3.5), it is easy to see that

DEPyy,2(Pxs Pys s M5 n) = DEPy 5(1-pys T1-pys 5 m, n)..(4.5)

 J

Hence, in Tables 4.13 to Table 4.16, only one part of the values DEPUN 2

are presented. From Table 4.13 to Table 4.16, we see that DEPUN 2 varies
3

from -0.22130 to 0.00700. Hence, in terms of DEPUN 23 Zz-test is as good

as UN test and, in most cases, Zz-test is better.
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Table 4.13 - Values of DEPUN,Z form=10and n =5, a = “UN* = 0.04126,

ay* = 0.04999

Py

py .1 .2 .3 .4 .5
.9 -0.02233 -0.01170 -0.00033 0.00572 0.00786
.8 -0.08847 -0.05175 -0.01752 0.00006 0.00596
.7 -0.15700 -0.08834 -0.03238 -0.00475 0.00400
.6 -0.20550 -0.10878 -0.03965 -0.00700 0.00256
" -0.22130 -0.10871 -0.03798 -0.00628 ---
.4 -0.19383 -0.09023 -0.02898 --- -0.00628
.3 -0.15016 -0.05992 --- -0.02898 -0.03798
. -0.08252 -—- -0.05993 -0.09023 -0.10871
.1 -—- -0.08252 -0.15016 -0.19383 -0.22130
Table 4.14 - Values of DEPUN,Z form=12andn =18, a = aUN* = 0.04337,

az* = 0.05898

Px

Ey | ol N .4 5
.9 0.01243 -0.00588 -0.04556 -0.07155 -0.05860
.8 -0.00314 -0.01188 -0.04104 -0.06159 -0.04975
od -0.03660 -0.02317 -0.02565 -0.03200 -0.02384
.6 -0.07238 -0.03726 -0.01556 -0.00984 -0.00479
.5 -0.08768 -0.04273 -0.00993 0.00031 ---
4 -0.07208 -0.03318 -0.00498 --- -0.00479
0 -0.03587 -0.01337 --- -0.00498 -0.00238
.2 -0.00189 --- -0.01337 -0.03318 -0.00498
ol --- -0.03587 -0.03587 -0.07208 -0.05860
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Table 4.15 - Values of DEPUN,Z form=20and n = 15, a = aUN* = (0.04656,

az* = 0.05576
Px
. . 2 .3 4 .5
.9 0.00919 0.00%907 0.00599 -0.01002 -0.03660
.8 0.00836 0.00829 0.00616 -0.00728 -0.02834
of -0.00072 0.00043 0.00529 0.00222 -0.00570
.6 -0.03090 -0.02345 -0.00124 0.00595 -0.00526
s -0.07339 -0.05223 -0.00938 0.00555 -—-
.4 -0.09111 -0.05642 -0.01080 -—- 0.00560
.3 -0.06904 -0.03109 -—- -0.01080 -0.00570
.2 -0.03724 -—- -0.03109 -0.05642 -0.02834
«l --- -0.03724 -0.06904 -0.09111 -0.03660
Table 4.16 - Values of DEPUN,Z form=n=20, 0= GUN* = 0.04643,
az* = 0.04976
Py
Py .1 e «3 .4 .5
.9 0.00333 0.00333 0.00333 0.00330 0.00279
.8 0.00333 0.00333 0.00333 0.00333 0.00328
.7 0.00333 0.00333 0.00333 0.00333 0.00333
.6 0.00329 0.00333 0.00333 0.00333 0.00333
5 0.00277 0.00328 0.00333 0.00333 ---
.4 -0.00093 0.00292 0.00330 --- 0.00333
40 -0.01260 0.00165 -— 0.00330 0.00333
.2 -0.02423 --- 0.00165 0.00292 0.00333
-—- -0.02423 -0.01260 -0.00093 0.00279
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To summarize:
(1) If an experimenter expects to control the probability of Type I error
by selecting of the nominal level, one should not use the Z]-test because
the size of Z]-test could be much higher than the nominal level for small
or moderate sample sizes.
(2) The UMPU test depends on randomization and needs to use fairly complete
hypergeometric distribution tables which makes it inconvenient to use in
practice.

(3) UN test is also inconvenient to use since special tables are needed.
(4) We recommend the Zz—test for testing HO against H1 for these reasons:
{a) The size of Zz-test is usually only slightly higher than the
nominal level. Thus one can control the probability of Type I error

by selecting of a particular nominal level.

(b) Zz-test is easy to use and the only table needed is the standard
normal distribution table.

(c) Zz-test is a nonrandomized test.

(d) In terms of DEPUN,Z’ Zz-test is as good as UN test and in most
cases it is better.

(e) In terms of DEPU,Z’ Zz—test is quite comparable with UMPU test.
(f) For sample sizes m, n (both larger or equal to 40), the powers

of Z] and 22 are almost identical.
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APPENDIX A

In this section we prove equation (3.3). Let (k, 1) be a possible

value of (xm, Yn) and let t =k + 1. Then define
Ay = Lk, 10) | k' + 1=t}
A = {k' | (k', 1') e A
Clearly, under Hy
p(k|t) = p(m-k|m+n-t) (A.1)

for all k € A%,

defined in (2.3). Since a UMPU test is determined by the hypergeometric

where p is the hypergeometric probability density function

probability density function, it is clear that if (k, 1) is a point in the

sample space with probability y(t), to reject H, then the point (m=k, n-1)

also has probability y(t) to reject Hy in a UMPU test, where 0 < y(t) < 1.
Let g(k, 1, Py py) be the joint pdf of (Xm, Yn), then clearly

a(k, 15 p,. py) = g(m-k, n-1; 1-p,, 1-py)
(A.2)
g{m-k, n-13 p,, py) = gk, 13 Y-ps I—py) ]

When p, = p; and Py = p;, the contribution of the two points (k, 1) and

(m=k, n-1) to the power of the UMPU test is

v(t)lg(k, 15 pg, p;) + g(m-k, n-1; pg, p;)] , (A.3)

while the contribution of the two points (k, 1) and {m-k, n-1) to the

power of the UMPY test when p, = l-p; and Py = 1-p; is

v(t)lg(m.15 1-pC, 1-p7) + glm-k, n-T5 1-pg, 1-pP)] . (A.4)
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The equality of (A.3) and (A.4) follows from equation (A.2). Thus the
contributions of the two points (k, 1) and (m-k, n-1) to the power of a

- o ] - -n° -n®°
UMPU test are the same when (p,, py) = (pg, Py) or (pys p) = (1-pg, 1-p7).
Furthermore we also know that the two points (k, 1) and (m-k, n-1) always
have the same probability rejecting H0 in a UMPU test. Hence equation

(3.3) holds.



APPENDIX B

In this section we 1ist the computer programs used in computing the

powers of the four tests.
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LEVFL

| 1.8
15n
ISN
1SA
ISK
1SN
1SA
1813
ISA
ISA
ISh
15N
TSN
ISA
ISA
ISh
ISN
1SN
ISN
1SN
TSK
TSN
1SN
15N
TSN
ISh
158
1Sk
ISA
TSN

ISN
ISA
ISMh
ISA
TSN
1SN
ISh
1SN
ISA
ISN
1SN
ISA
TSN
ISA

21.7 { JAN 73 )

0002
0023
aCo4
2005
0006
oca?
aons
goos
aola
0011
acie
0013
ad1 4
ao15
cC1 &
ec17
Qo018
acls
Q070
ac21
0072
0073
gcc?4
Qo025
cc?é
2027
aczs
acaa
0031
oc3z

gc33
0035
003é&
0e3y
2038
ac3is
0040
0osl
0042
C043
0044
0045
Qo4s
00&7

Cs/360

FORTRAN H

CUONFILEF CPTICAS = NAME= MAIN.CPT=02.L INFCNT=6C.STZE=CCC(K,
SCURCE.EHBCDIC +NCLIST +MODECK,LCAC+MAP,NCECIT+IC+«NOXREF

C
c
c
c

[aNglaNnl

199
1C1

14
15

*23 TS PRNGRAM CCOMPUTES POWERS OF THE 71-TES1 FCR ACMINAL
s%3 LEVEL Q.05 ANC P1l=C.11Cal)0.5. P2=20.110.110.5

64

REAL*E ECS(S)+PBLl.PR24PBeC1eSCLleZ1sAZ1+ETI+EBIZeECIECLRY,RNJPL,P2

RFAC(E,10C) M,N
FORMAT(212)

WRITE(£.1C1)
FCEMAT("1",3X,'P1"}
Bl=C.C

CC 1 I=1.5

P1=P140.1

02=C.C

LC 2 J=1.S

P2=P2+(.1

Ml=Ma]

£Q1=C.0

RM=M

Fh=N

2C¢ 2 IT=1.M1

IT11=11-1

FBl=1T11/R¥

Kl=N+1

D0 4 JJ=l.N1

JJi=JJ-1

PR2=JJ1/FN
PE=(RVNIDE]I+PNEPE2 ) /{RM+RN]
Cl=PB*(1-PR}*(1/RM+]1/RN)
SD1=CSCRTIC1)

IF (SC1 «GT. C.0) GG 1C 14
21=0.0

60 T1C 1%
Zi=(FB1-PB2)/5C1
LZ1=CRESIZ]1)

#*% CETERMINF THE REJECT REGICN

s%% CCNMPLTE THE BINCMIAL FRCE#BILITIES FCR THE REJECT REGICN

TF [A71 .LT. 1.986) GC TC 4
CAIL BINIM.II1.P1.811)

CALL BININ.JJ1.P2.B12)
EQ=B11#812

FCl=FC1+EC

CCNTTIANLE

CCNT INLE

ECStJ)=EC1

CCNTIMLF

WRITF [£4201) Pl.(FCS(Jdied=1.465)
FCRMAT['=?,1X,F5.1+9{2X.FE.51)])
CCATIMUE

STrF

ENC



LFVFI

ISN
1SA
ISA
ISM
15A
TSN
ISA
IS
ISN
ISK
TSN
ISA
TSN
T5A
1SN
ISN
1SN
TSN
ISA
ISN
ISN
1SN
TSN
{1
1SN
ISK
TSN
TSN
ISA
ISN
15h
TSN

1SN
TSN
I1SA
[SKE
ISA
ISA
15N
ISN
(-1
TSh
ISA
1SA
158
ISN
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21.7  JAN 73 ) €S/360 FORTIRAMN B
COMPILFF CPTICNS - NAME= MAIN.OPT=CZ,LINECNT=6C,SIZE=CCCCK.,
SCURCF ,FBCCIC +MNCLIST «AODECK,LCAL MAP,NCEDCIT, IO.NOXREF

C
C s#¥ TFIS PROGRAM COMPUTFS PCWERS NF THF 72-TEST FOR NCMINAL
r **2 LEVEL 0.05 AND P1=0.1(0.1)0.5y P?=0,110.1)0.9
C

none REAL*E FCS{9).PBL.PR2,02.502.,72,822B11,B12,EC,FU1,RM,RN.PL,P2

0003 RFAL*P PBN

2004 FEACI5.100) M.N

onus 100 FORMAT(212)

o006 WRITE(&.,101)

acazv 101 FORHAAT('1',3X,'P1")

aana Pl=C.C

0Q0s DN 1 T=1.5

onlo Pl=P1#C.1

o0l P2=0.0

0012 DO 2 J=1.5

0013 P2=P21C.1

o0t 4 Mi=M4]

nols EQI=C.C

gc1s RM=M

ac17 RN=N

omia €O 2 II=1.M1

¢cts 111=11-1

noza PRI=TIT/RM

g2 Ni=h+¢l

no22 nad 4 JJ=1,.,N}

00?23 JJ1=dJd-1

acra PR2=JJ1/FN

0025 C2=PAL*{1-PRL)/RM+PR2*{]1-PB2) /RN

gc? & SD2=NSCRTIC?)

0027 [F (SC2 .GT. 0.0} GO 1C 14

0079 FBC=FB1-PR? '

gc3ic IF (PBL .AF. C.0) GL TC 16

0037 12=C.C

6033 GC Tr 15

0034 14 22={PRI-PB2)/5D?

0035 15 A22=TAR5(22}
C
C +*¢ CETFERMINE THE PRFJFCT RFGICN
C t%% CCYFUTE THE RINCOMIAL FROEFBILITIES FCR THE REJECT REGION
r

1016 IF (827 JLT. 1.96) GC TC 4

ccan 16 CAIL BINIM,IT1.PL.HIL)

noig CALL PININ.JJ1.P?,B12)

0n40 EQ=PIL#R[2

041 EQ1=FCI+FC

09042 4 CCATINUE

a4 3 CCATIALE

0044 ECStJ)=EQ?

anss ? CCATIMGF

0046 WRITF 14,7011 PL.I{FOSUJ)+J=1,.5)

3047 200 FOFMAT('=7 ,IX.F5.1.903X.FR,.5)})

0048 1 COMTIMNLF

CCasS STCP

acsce END



1 EVEL

TSA
1SN
ISN
1Sh
TSN
ISAh
ISA
TSA
ISK
ISN
ISh
15N
1SN
ISK
TSN
1SA
ISN
ISh
15N
15k
iSh
1SN
ISA
ISk
1Sk
1Sh

ISK
ISk
ISA
TSN
ISA
TSN
[SA
ISA
TSN
1SN
ISk
ISA
TSN
ISA
TSN
ISK
TSh
{1
ISh

21.7

0002
003
0004
0005
acos
aon?
acna
0009
oqlo
oot
aol2
cGt3
a014
0015
CCla
o7
acta
a019
10240
oc21
0022
a0213
0024
002s
0c?6
0on2a

0c29
anin
cen
o032
03
034
anmis
€Cia
a7
0018
oc3ie
0041
acs?
0041
0044
er4s
0046
0cse?
ansanA

( JAN 73 )

COMPILER OPTICNS - NAMF=

akelalalel

laluligl

Ao

100

200
o0

3q1

SCURCE +FBCDIC +AC LT

**% TFHIS PROGRAM CCMPUTFS

66

05/360 FORTEAMN K

MAIN.OPT=02,L INECNT=60,SIZE=COCCK.,

ST+MODECK.LCAC«MAP MNCEDIT, ID«NOXREF

FOWFRS OF THF UNIFORMLY MNST

*%x% PCWERFUL UNBIASED TEST FCR NCHRINAL IEVEL 0.05 ANC

t43 P1=0.1(0.100.5, PZ=C.1

INTFGER C1(11).C2011)

(G.110.9

FEAL#*#8 RI(111.R2(11}.FCS(S)«P1+P2.,FQ.EQ) EQ2+ECTIECH.EQT.BI1

REBL®F BIZJ.ECST
RFEAC{S.,1CC) (CLITd,.0=1,11)
PFACIS,.,1CCY (C2(1),1=1.11)
FORMATETINL?)

REAC(S5.200) (RLI1)41=1.11)
RFAC(S.20C) (R2(I1),1=1.11)
FORMATILCFB.5/FA.5)
READIE.3CC) M,N
FORMAT(212}

WRITE{6+301)
FORMAT( "), 1X,'PL1*)

P1=0.0

DO 1 I=1.5

Pl=P14C.1

P2=0.0

Lo 2 J=1.8

P2=P2+40.1

¥h=Meh+1]

ECT=C.C

CO 3 ITLl=1.MA

IT=IT1-1

EQi=0

IF (CI1{IT1) .EQ. C) GC 1IC
IC1=C1{IT1)

11

##% CCMPLTF THF RINONIAL PRCBARILITIFS CF THE REJECT REGICN

tn 4 Tyl=1.I1C1
1¥=1v1-1

1ITY=11=-1Y

CALL BIN(N.TY.P?,B12)
CALL PIN(P.TTY.P1.HIL)
EQ=BI1#R]|?

ENI=FC14FC

CCATTAUF

[IC2=C2(T1T1)+1

EQ?=0

IF (1C? .GT. ITY Gr TC 12
20 5 1y=IC2.107
1TY=17-1Y

CALL BINMIN.IY.P?.A12)
CALL RIN{M,ITY.P1.A71)
EQ=PI1%812

FC7=ECP+FC

CCATIMLF
[TCY=171=-C1LITL)

#%4 CCMPLTE THE DINCMIAL FRCEARILITIES [F THF PLUNCARY PGINTS



I[Sh
ISh
ISA
ISN
ISh
ISA
ISN
15M
L1
ISA
ISA
[SA
ISN
[SA
1Sk
ISh
TSN

J045
00540
cest
0052
cos3
054
gass
J056
aas?
ccsa
3059
oceqg
3041
2062
€Cs13
2064
CCAhS

(U]

101

CALL BIMNIN.CL{ITL).P2.812)
CALL BIN{¥M,.ITCLl.P1.811)
EQ3=R1(IT1)=B11*R12
ITC2=11=-C2(IT1)

CALL BININ,C2(ITL}.P2.812)
CALL AININ,ITC2.P1,.,311)
EQ4=R2{IT1)*BI1=*R12
EQST=EC1+EC2+EQ3+FCQs
ECT=FCT+ECST

CCATIME

EQSIJI=ECT

CONTIAMLE

WRITE(E.1C1) PL,(EQS{J)+d=145)
FCRMAT [?=1 i IX «F5.1,5({3X.FB8.5))
CCATIMLE

STCF

ENLC

67



1 FVF1

ISN
ISK
ISN
1SAh
TSN
TSN
1SN
15N
1SN
ISh
I SN
ISK
ISN
1SN
[SN
1SN
ISN
1SN
1SNk
ISN
ISN
ISh

1SN
15k
1SA
TSN
1SN
ISN
ISN
1SN
TSN
ISK
1SN
TSN
ISA
ISK
ISK
ISN
1SNk
TSN
ISN
ISN
ISk
TSNk
ISN
ISk
1SN
1SN
ISh

21.7T t JAN T3 )

nan?
0013
o004
00as5
0ané
oent
1008
0038
0010
anll
nat2
00113
001 4
0015
ané
ac17
211 K]
LD
0020
or2
0022
o024

gn?s
ac?s
00?7
0078
nnzs
ac3o
HER]
0032
003l
Q0034
ons
0037
0038
nec3s
0040
ccal
0062
00413
aca4
0045
1[4 24.]
0047
nN&s
00498
00s0
ans 1
0052

[pEaleielel

an

100
300

3ol

101

0S/260 FIRTRAN H

COMPILER (OPTICNS - MAME= MAIN.OPT=02.LTNECNT=60.517F=0000K,

SOURCE+FBCOTC «NOL IST ROBECK L OAN +¥APJACFOIT [D-NOXREF
2+¥* TFIS PROGRAM COMPUTFS PCKERS CF THF UNCCNCITICNAL
+2% NCKRANDOMIZFU TEST FCR NCMINAL LEVFL 0.05 AND P1=0.1(0.1)0.9,
% P2=0.1(0.1)0.5

INTEGER Cli21l).C2(21)

REAL*E2 FQS(S)+PL.P2.EC.ECL1.FC2.FOT.,FCST.BIL.RI2Z

RFADIS.100) (CltId.I=1.11)
REANIS.1CC) {C211)+I=1.11)
FCRMAT(11T12)

RFAR{S5,3CC) VM.N
FORMATIZ12)

WRITF{&.301)
FORMATIE P, IX.'PL")

F1=2.0

DO 1 T=1,.6

Pl=Pl40.1

F2=0.0

0 2 J=1.5

P2=P2?2 1.1

FN=M+N+1

FOT=C.0

EN 3 TTi=]1.MN

[T=1T1=1

EQ1=0.0

IF (CLIIT1) .FQ. 0O) GC TC 11
ICLl=CI1L1IT1)

%3 CCYPUTE THE BINOMIAL PRCBABILITES FCR TFE REJECT REGION

CC & 1Y1sl.IC1

[vy=tyl=1

ITy=1T-1Y

CALL BININ.TY,.P?,B12)
CALL ATAIM,ITY,.P1,B11)
EQ=B11%81?

ECI=EC1+FQ

CCMT INUE

1C2=C2{ITLI+1

£02=0

IF (I1C? .GT. ITY GG TC 12
no 5 Iy=1C2.17

1ITY=1T-1¥

CALY BINIMN,IY,P?2,017)
CALL RIN(M ITY.P14RI1)
FC=RI1*RI?

E02=FC7+FQ

CONTTAUF

EQST=EC1+4FQ2

FCT=FCT+ECST

CCATIALE

FOSlJ)=FCT

CONTIKUF

WRITFLESICT) PIoIEQSIJ)ed=1,5])
FORMAT (4=, 1X,F5.1,503X,FAR.S5))
CGATINLFE

sTre



LEVEL 21.7 ( JAN 72 ) C5/260 FORTRAMN F

COMFILER OPTICNS = MAMF= MAIN,OFT=C2,LINECNT=5C.STZF=0CCCK.
SCURCE.EBCCIC MCLISTNODECK«LOAC «MAP.NCEDIT»ID+NCXREF

c
c t¢3% TP ]S SUBROUTINE CTCMPUTES THE BINCMIAL FRCBABILITIES
c
ISN 0092 SUBRCLTINE BININ.L.P,sX)
ISK Q003 REAL#8 P,C.X
ISk CCo& C=1.-F
ISAh 20058 Li=L+1
1SN CC0s X=Cm=p
ISk 0007 IFIL1 .€E. 2) GG TC 11
1SN 0C3s GC 1C 12
ISN 0cC1¢ 11 CC 1C I=z.L1
ISN Jat! 1C X=X3F2{N=-]+2)/(Q0%(]-1.))
ISN Q012 12 EETLRA

ISAh Q013 ENC
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ABSTRACT

Let Xm and Yn be two independent random variables from binomial
population B(m, px) and B(n, py), respectively. Four tests have been
suggested to test the null hypothesis Ho: Py = py against the alternative
hypothesis Hl: Py # py. This article compares these four tests based on
some practical considerations and based on their finite sample size powers.

We conclude that the Zz-test is a very reasonable test.



