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ABSTRACT

Bahadur’s stochastic comparison of asymptotic relative efficiency of combining infinitely independent tests in case of
conditional log-logistic distribution is proposed. Six free-distribution combination producers namely; Fisher, logistic, sum of p-
values, inverse normal, Tippett’s method and maximum of p-values were studied. Several comparisons among the six

procedures using the exact Bahadur’s slopes were obtained. Results showed that logistic producer is the best
procedure.

1. INTRODUCTION

Bahadur’s stochastic comparison is one of the most common approach in asymptotic relative efficiency for
two test procedures in which the Type I and Type II error probabilities changes with increasing sample
size, and the manner of the alternatives are behave.

In comparison of test procedures, let Hy: F € F, is to be tested, where F, is a family of distributions, for any
test procedure T,,. The function y,, (T, F) = Pr(T, rejects Hy), for distribution functions F, represents the
power function of T,. Under H,, , (T, F) represents the probability of a Type I error. The size of the test is
an(T,Fy) = supger,Vn(T, F). For F & F,, the probability of a Type II erroris B, (T,F) = 1 — y,(T, F).
We are interesting in studying consistent tests, that is for fixed F ¢ F,, 8,(T,F) = 0 as n - oo, and
unbiased tests that is F & Fy, v, (T, F) = a,,(T,F,). To compare two test procedures through their power
functions, we will use the asymptotic relative efficiency (ARE) for two test procedures T, and Tg, with
sample sizes n, and n, respectively, then the ratio n,/n, goes to some limit. This limit is the ARE of Ty
relative to T,. In Bahadur approach, the following behaviors are satisfied: the Type I error is a, — 0, the
Type II erroris B, — 0, and the alternatives is F™* = F fixed. Let T; be independent one tailed test statistic
for testing H;o:0; = 6, for the independent real parameter 8; versus H;y:6; > 0;,, i = 1, ..., k, where the
null hypothesis is rejected for large values of T;. It is desired to combine be used to test the combined
hypothesis Hy: 6; = 0;4,i = 1, ..., k, versus the alternative 8; = 6,,,i = 1, ..., k, with strict inequality at
least one. Asymptotic relative efficiency have been considered by many authors. Kallenberg [10] showed that
in testing problems in multivariate exponential families the LR test is deficient in the sense of Bahadur of
order O(log n). Abu-Dayyeh and El-Masri [2] studied six free-distribution methods (sum of p-values,
inverse normal, logistic, Fisher, minimum of p-values and maximum of p-values) of combining infinitely
number of independent tests when the p-values are IID rv’s distributed with uniform distribution under the
null hypothesis versus triangular distribution with essential support (0,1) under the alternative hypothesis.
They proved that the sum of p-values method is the best method. Abu-Dayyeh, et al. [1] they combined
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infinity number of independent tests for testing simple hypotheses against one-sided alternative for normal
and logistic distributions, they used four methods of combining (Fisher, logistic, sum of p-values and inverse
normal). Al-Masri [5] studied six methods of combining independent tests. He showed under conditional
shifted Exponential distribution that the inverse normal method is the best among six combination methods.
AL-Talib, et al. [8] considered combining independent tests in case of conditional normal distribution with
probability density function X|6 ~ N(y9,1), 6 € [a,»],a = 0 when 8,, 8,,... have a distribution function
(DF) Fy. They concluded that the inverse normal procedure is the best procedure. Al-Masri [6] considered
combining n independent tests of simple hypothesis, vs one-tailed alternative as n approaches infinity, in
case of Laplace distribution L(y, 1). He showed that the sum of p-values procedure is better than all other
procedures under the null hypothesis, and the inverse normal procedure is better than the other procedures
under the alternative hypothesis. Al-Masri and Al-Momani [4] considered combining n independent tests of
simple hypothesis, vs one-tailed alternative as n approaches infinity, in case of log-logistic distribution. They
showed that the sum of p-values procedure is better than all other procedures under the null hypothesis and
under the alternative hypothesis. Al-Masri [7] considered the problem of combining n independent tests as
n — oo for testing a simple hypothesis in case of log-normal distribution. He showed that as ¢ — 0, the
maximum of p-values is better than all other methods, followed in decreasing order by the inverse normal,
logistic, the sum of p-values, Fisher and Tippett's procedure. Also, as ¢ — oo the worst method the sum of p-
values and the other methods remain the same, since they have the same limit.

The log-logistic distribution (LL (9, ¢)), which is known also as Fisk distribution in economics, is used to
model income data. It is an important right skewed distribution. It is the distribution of the logarithm of a
random variable that has logistic distribution, and can have a non-monotonic hazard function for some values
of the shape parameter. Also, often used in decision making business, decision making with project
management, audio dithering and serves as a parametric model for survival analysis. Let X be a random
variable following the log-logistic distribution.

The distribution function (cdf) of X can take the following form

In(x)-9
F(69) = Wiogistic (o) It (X) (11)
The probability density function (pdf) of X is given by
1 -9
FG69) = 2= guogistic (") In+(),9 € R,0 € R*. (L2)

Where 1, is the indicator function and W, g;5¢ic(h) = (1 + e™™)~1 is the cdf of the standard logistic
distribution with L(0,1). The mean of X is E(X) = o wsin(nwo);if o > 1, else undefined. For more details
see Ahsanullah and Alzaatreh [3].

2. THE BASIC PROBLEM

Consider testing the hypothesis _ '

, Hyin; = nb,vs  Him; € 0 — nh} (2.1)
such that Hé‘) becomes rejected for large values of some real valued continuous random variable T®, i =
1,2, ...,n. The n hypotheses are combined into one as

HY: (1) = @) vs B () € Ty 4 — (O omDB (22)
For i = 1,2, ...,n the p-value of the i-th test is given by
P(t) = PH(()i) (TO>¢)=1- FH(()i)(t) (2.3)

where FHéi)(t) is the DF of T® under H". Note that P, ~ U(0,1) under H{".

In this paper, we will consider the special case where: n; = 9A;, i = 1, ...,n. Then our proposed model will
be W|A ~ LL(A9,1), A € R\(—oo, k), k = 0 where Ay, A,,... are independent identically distributed with
DF H, with support defined on A € R\(—oo, k), x = 0, assuming that T, ..., T™ are independent,then
(2.1) reduces to
Hy:9=0 wvs H;:9>0, (2.4)

It follows that the p-values P, ..., B, are also iid rv’s that have a U(0,1) distribution under H,, and under H,
have a distribution whose support is a subset of the interval (0,1) and isnota U(0,1) distribution.
Therefore, if f is the probability density function (pdf) of P, then (2.4) is equivalent to

Hy:P ~ U(0,1),vs,Hy: P+ U(0,1) (2.5)
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where P has a pdf f with support subset of the interval (0,1).

By sufficiency we may assume n; = 1 and T® = X; for i = 1,...,n. Then we consider the sequence {T™}
of independent test statistics, thus is we will take a random sample X, ..., X,, of size n and let n —» o and
compare the six non-parametric methods via exact Bahadur slope (EBS).

The producers that we will used in this paper are Fisher, logistic, sum of p-values, inverse normal, Tippett’s
method and maximum of p-values. These producers are based on p-values of the individual statistics T;, and
reject H, if

n
Wrisher = _ZZ ln(Pi) > Xzzn,a'
i=1

n
P;
Wrogistic = _Z 11‘1( _

—)> b,
i=1

P;
n
Wrormar = = ) ®7(P) > Vb~ (1 - @)

i=1 n
Woum = _Z P> Cy,
i=1

1 1
Yyaxr = —max P, < an,W; = —min P; <1 — (1 — a)n.
where @ is the DF of standard normal distribution.

3. DEFINITIONS

This section lays out some basic tools to Bahadur’s stochastic comparison theory that used in this article
Definition (Bahadur efficiency and exact Bahadur slope (EBS)) Let X, ..., X,, bei.i.d. from a distribution

with a probability density function f(x, 8), and we wantto test H,: 0 = 6, vs. H;: 60 € © — {6,}. Let {T,fl)}
and {T,fz)} be two sequences of test statistics for testing H,. Let the significance attained by Trf") be Lgf) =
1—F(1"), where Fy(T) = Py, (1Y < t;), i = 1,2. Then there exists a positive valued function C;(6)

called the exact Bahadur slope of the sequence {T,E‘)} such that
Cy(0) = Jim — 2n'In(L%)
with probability 1 (w.p.1) under 6 and the Bahadur efficiency of {T,fl)} relative to {T,EZ)} is given by
eg(Ty, T,) = C,(0)/C,(6). Serfling [11]
Theorem 1 (Large deviation theorem) Let X;,X,, ..., X, be lID, with distribution F and put S,, =
™, X;. Assume existence of the moment generating function (mgf) M(z) = Ex(e?¥), z real, and put
m(t) = inf,e **~ = inf,e~**M(z). The behavior of large deviation probabilities P(S,, > t,), where
t, — oo at rates slower than O(n). The case t,, = tn, if —o <t < EY, then P(S, <nt) < [m(t)]", the
—2n"Hn Pp(S, = nt) > —2Inm(t) a.s. (Fp).
Serfling [11]
Theorem 2 (Bahadur theorem) Let {T,,} be a sequence of test statistics which satisfies the following:
1. Under H;:0 € 0 — {6,}:
1
n 2T, » b(0) a.s. (Fy),
where b(6) € R.
2. There exists an open interval I containing {b(6):0 € ©® — {6,}}, and a function g continuous on I,
such that

1 1
sup [1 - an(nft)] = lirgn — 2n"tlog [1 - an(nit)] =g(t), teL

lim — 2n"tlog
n 6€0,

If {T,} satisfied (1)-(2), then for 8 € © — {0,}
—2n"log sup[1 — Fy, (T)]| » C(8) a.s. (Fp).
0€0,

Bahadur [9]
Theorem 3 Let X, ..., X,, bei.i.d. with probability density function f(x, 8), and we want to test Hy: 0 = 0
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vs. Hi:6 >0.For j=1.2,letT,; =¥, f:(x;)//n be a sequence of statistics such that H, will be
rejected for large values of T,, ; and let ¢; be the test based on T, ;. Assume Eq(f;(x)) > 0,V6 € 0,
Eo(fi(x)) = 0, Var(f;(x)) > 0 for j = 1,2. Then
1. If the derivative b’;(0) is finite for j = 1,2, then
€1(0) _ Varg=o(fz(0) [b1(®]?
6-0C2(0)  Varg=o(f1(x)) Lo (0)] ’
where b;(8) = Eq(fj(x)), and C;(8) is the EBS of test ¢; at 6.
2. If the derivative b';(0) is infinite for j = 1,2, then
CL(®) _ Vare=oUaC) [5 b1a(@)]*
0-0C2(0)  Varg=o(f1(x)) Lo—0 b72(6)

Al-Masri [5]
Theorem 4 If T,fl) and T,fz) are two test statistics for testing Hy:0 = 0 vs. H;: 6 > 0 with distribution
functions " and F under Hy, respectively, and that T" is at least as powerful as T,>) at 6 for any
a, then if ¢; is the test based on T,f’), j =12, then
1 2
cP@©) = c ).
Serfling [11]
Corollary 1 If T, is the uniformly most powerful test for all «, then it is the best via EBS. See [10]
Theorem 5
2t <mg(t) <et, V:0<t <0.5,

where
— izt €1
mg(t) = ;gge —.
Al-Masri [5]
Theorem 6
1. my(t) = 2te”", vt =0,

2. my(t) < tel™t, vt=>0.852,
2
3. my(t) < t( :

3
1+t2) el™t vt >4,
where m, (t) = infze(o,l)e_ZtT[Z csc(mz) and csc is an abbreviation for cosecant function.
Al-Masri [5]
Theorem 7 For x > 0,

p@[z-5| <1-e) <22,

Where ¢ is the pdf of standard normal distribution. See [5]
Theorem 8 For x > 0,

1-dx) > 2
x+ ﬁ
Al-Masri [5]
Lemmal
1. my(t) = infy.,.e™ %t =e
e—tz/(t+1)(n_t)

-t

2. m(t) S ——my
Sln(q) .
—Zi _o—Z —Zi
{ms(t) = infS ) < infS < —et, t<o0
z>0 z z>0 Z
3 Ym0 = —2t, --<t<0.

—

4, xx;lslnxSx—l, x>0
Al-Talib, et al. [8]

4. DERIVATION OF THE EBS WITH GENERAL DF H,

In this section we will study testing problem (2.4). We will compare the six methods Fisher, logistic, sum of
p-values,the inverse normal, Tippett’s method and maximum of p-values using EBS.
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Let X;, ..., X, be lID with probability density function (1.2) and we want to test (2.4). Then by (1.1), the p-
value is given by
(X)) =1- FHO(Xn) =1- lI"Logt’st‘ic(ln(xn))- (4-1)
The next three lemmas give the EBS for Fisher (Cg), logistic (C), inverse normal (Cy), and sum of p-values

(Cs), Tippett’s method (C) and maximum of p-values (C,,4,)methods.
Lemma 2 The exact Bahadur’s slope (EBS’s) result for the tests, which is given at the end of Section 3, are
as follows:

1. Fisher method. Cz(¥9) = bp(9) — 2In(bp(9)) + 2In(2) — 2,
where

bp(9) = 29Ey, (=5 )
2. Logistic method. C,(9) = —2In(m(b,(9))), where
my(t) = Zei(r})fl)e‘”nz csc(mz)

and
b,(9) = 19[EHA(A)-

3. Sum of p-values method. Cs(9) = —2In(m(bg(9))), where

— —zt1ze”?
ms(0) = fnfe ™
and
eMd_p9etd g
bs(¥) = Ey, (W>
4. Inverse Normal method. Cy(9) = —2In(m(by(9))) = bz (V),
where

— A9 v
bN (19) B _IEHA <e IEN(OJ) {MBinomial(2,¢(v))(19)}>
Proof of B1. For Fisher procedure,

In[1-¥p,gistic(n(x))]
T, = 235, e

By Theorem 2 (1) and by the strong law of large number (SLLN), we have

w.p.1
3—% — bp(9) = —ZIEHlln[l - lIJLogistic(ln(x))]

then

bp(¥) = —Z]EHA]ELL(M,1)(1U[1 = W, giseic AN ]|A).
Now, bp(9) = —2Ep, f;” 21n[1 = Wogistic N0 @rogiseic An(x) — A9) dx = 2By, (—oors )
Now under Hy, and by Theorem (1), it follows that My(z) = Ez(e~2"®?) = fol e™2nt)7 gy, Set t =
—In(x) implies dt = —etdx. It then follows that My (z) = fol e *(1720 dx = (1 —22)7%Y, Z < 1/2. Then,
mp(t) = inf,ope %6 (1 — 22)7 = %el't/z, now by Bahadur’s Theorem (2), we complete the proof, that is

bp(9) ,_br®
Cr(9) = —2In(mg(bp(9))) = —2In (Te 2 ) = bp(9) — 2In(bp(I)) + 2In(2) — 2.
Proof of B2. Similar to the previous proof.

Proof of B3. For sum of p-values procedure,

T. = —yn  [1=¥1ogistictn@)]
S — i=1 Jn .

It follows from Theorem 2 (1) and by the strong law of large number (SLLN) that

Te WPp.1
\/—% E— bg(e) = —E* (1 - l'IJLogistic(ln(x)))

then
A19_A.'9 A19_1
b(9) = ~EnyEsviany {(1 = Yiogistc ) 1A} = g (“57)
Now, by Theorem 1, we have mg(t) = inf,5e *Mg(z), where Mg(z) = Egp(e?).
Under Hy: — (1 — ‘PLogistl-C(ln(x))) ~ U(—1,0),s0 Mg(2) = 1% by part (2) of Theorem 2 we complete

the proof, we conclude that Cs(9) = —2In(mg(bs(9))).
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. D Y 1-Wpgistic(n(x))
For the inverse normal procedure, Ty = — Y7, ( L‘:/“;S“C )

1 p-1
of large number (SLLN), we have n™zTy il by(®) = —Efho~1 (1 - lPLogistic(ln(x)))' by(®) =
- . o 1 . _
~EppEgvao.) { @7 (1= Whogiseic In(x)) ) |A}, it follows that by (9) = —E, [, 2o~ (1 —
[oe] A9 - -
WeogisticAN(X))) @ogistic An(x) — A9) dx = —Ep, fo Pt (—1 )72 > dx. On substituting v =

1+x/ (x+eA9)
1 —eA‘9v¢(v)

—1(_1 ) : T dx _ o) _ _
o) (1+x), implies — = ®(v), — = 220 It follows that by (9) = Ey, [, o rome ) dv =

. By Theorem 2 (1) and the strong law

—Ey, (eAﬂ]EN(OVI) {m}) Now under H,, and by Theorem (1), it follows that My (z) =

Ey(e ®7'®) = fol e 27 gy, Set w = —d~1(x) implies x = 1 — d(w), then dx = —p(w)dw. It
then follows that My(z) = [, e**¢(w) dw = My(1y(2) = e*"/2. Then, my(t) = inf,50e % %72 =
e~t*/2, now by Bahadur’s Theorem (2) (2), we complete the proof, that is Cy (9) = —2In(my (by(9))) =
2
- “bR)/2) = p2Z(9) = A9 v
2In(e™w ) = by(9) = [IEHA (e IEN(O'l) {MBinomial(z,¢(u))(19)}>] '
Theorem 9 Let U, U,, ... be i.i.d. like U with probability density function f and suppose that we want to
test Hy: U; ~ U(0,1) vs Hy:U; ~ f on (0,1) butnot U(0,1). Then Cpay (f) = —2In(ess. sups(u)) where
ess.supy(u) = sup{u: f(u) > 0} w.p.1under f. Al-Masri [5]
Lemma 3
Cnax (@) = 0.
Proof. Assume that %HA = g, the probability density function of the DF H,, then the joint probability
density function of X and A is
{l(x, A) = f(x|A)ga
h(x,A) = ;‘pLogistic(ln(x) - Aﬁ)I]RJf (x).
The marginal probability density function of X is
FG) = 2 femy Progisticn(x) = A9) dA, x € R*, 1 = 0.
Now, under ¥ the p-value P = 1 — W, 51c(In(x)), 0
eA19

h(p) =@ - 1)2 f(x‘oo) m dA, p € (0,1). 4.2)

Then by Theorem 9 we have ess.sup;(p) = 1. Therefore, Cy,q,(9) = 0.
Theorem 10 If w(Inm)?f () - 0 as w — 0, then C(f) = 0. Al-Masri [5]

Lemma 4
Cr(9) = 0.
Proof. From (4.2) and by Theorem 10 we have get
; 2 — _1; 20, _ 1)2 e
limp(Inp)*h(p) = ~limp(np)*(@ - D* [ ,,, ey
Clearly, applying by L’Hopital rule twice we have, lim,_op(Inp)? = 0, also, lim,_,(p —

12 M dA = E (3-1“9) Which implies Cr(9) =0
) (p(p-1)eh?Y’ s ! '

A9

5. COMPARISON OF THE EBSS WHEN 9 - 0

In this section, we will compare the EBSs that obtained in Section (4). We will find the limit of the ratio of
the EBSs of any two methods when 9 — 0.
Corollary 2 The limits of ratios of different tests are as follows:

Cr(®) _ Cmax(®) _
CL. (T ="mel = 0, where Co(9) € {Cr(9), €, (9), Cs(8), Cu ()}:

C2. ey(Ts, Tr) - 1.3333
C3. ey(T,, Tr) - 1.21585
Ca. ey (Ty, Tr) — 1.27324
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C5. e5(T,, Ty) — 0.954926
C6. e5(Ty, Ts) — 0.95493
C7. e5(T,, Ts) — 0.911888

Proof of C2. By Lemma (2) (B1, B3) and Theorem (3)(1) it follows that b’ (9) = 2]EHA(

Now, by L’Hopitals rule, we have limy_ob'r(9) = Ep, (A) < 0o. Also limy_,b's(9) =
A9 A9 _

Ao Grer AN = Lk, (A) < oo. Now under Hy: hy(x) = —2In[1 = W05 An(x))] ~

AT (A —A19—1))
(eAl‘) _1)2

limg—oEy, [

(eAd—-1)3 6
x2 and hs(x) = — (1 - l{JLogiStic(ln(x))) ~ U(~1,0), 50 Vary_o(hp(x)) = 4 and Vary_o(hs(x)) = %
By applying Theorem (3) we get limy_,, gig = g. Similarly we can prove other parts.

6. THE LIMITING RATIO OF THE EBS FOR DIFFERENT TESTS WHEN ¥ — oo

Now, we will compare the limit of the ratio of EBSs for any two methods when 9 — oo,
Corollary 3 The limits of ratios for different tests are as follows:
D1. eg(T,, Tr) —» 1

D2. ez(Ts, Tp) —» 0
D3. eg(Ty,Tg) = 0
D4. limy_,o{Cr(¥) — C,(I)} <0
D5. eg(Ty,T,) — 0,e5(Ts, T;) — 0.
Proof of D1. By Lemma (1) part (1) C,(9) < 2b,(39). So
e 2b1,(9)
Cr(®) — brp(®)—-2In(bp(9))+2In(2)-2"

It is sufficient to obtain limy_ 2bL9)
br(9)
Therefore,
2001 _ i Ena@  _ 1
900 bp(®) 00 EHA(H+M) '
So,
lim a) <
9—-00 CE(9)
Also, by Theorem (6) part (2), we have C,(9) = 2b,(9) — 2In(b,(9)) — 2. So
L CL®) o 2b1,(9)—2In(bL,(9))—2
lim > .
900 CF(I9) 9—-00 bp(9)—2In(bp(9))+2In(2)-2
It is sufficient to obtain the limit of limy_, zbbL(f)).
F
Therefore,
im 2229 — _im LN 1
9—-00 bp(9) 9-00 EHA(H+M) !
Then,
lim 9 > q
Y9-00 CF(I9)
Thus, by pinching theorem, we have limg_ o, ELEZ; =
F

Proof of D2. By Lemma (1) part (3) Cs(9) < —2In(2) — 2In(—bs(9)). So
lim Cs(®) . —2In(2)—2In(-bs(9))
9500 CE(®) ~ 900 bp(9)=2In(bp(9))+2In(2)-2"

It is sufficient to obtain the limit of limg_, . “2nCbs@) Than

br(9)
A199A19—EA19+1
-1 ave -—e +2
U<EHA< @Aﬁ—1f ))
m 7—21n(—b5(19)) = lim .
Y—oo bp(¥9) Y—oo 191EHA(1_3+A19)

. . . . . A9eDV ey q
Now, by Jensen’s inequality where the logarithm is concave function, then —In <IE Hp <W>> <
eAd—q
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2
eAV_q
Eripln A9eDY _eAD 1

A9 _1)2 —oln(—
Ey,In <&> S0 limy_, e Z2InChs@) o limg_ . Now by Lemma (1) part (1) we

A9 _, A9 A
A9eAI AV 11 bp(9) g[EHA(__)

eA'9—1)2

Etip A9eNT AT 41
A
19]EHA(l_e—M)

Proof of D3. From B4 we have Cy(9) = [IEHA (e’“?[EN(O‘l){

1
—2In(-bs(®¥))

br(9)

Cs@) _
Cr(®)

get limy_, < limy_ = 0. Therefore, limy_ o

v })]Z By Lemma (1) part (3)

MBinomial(2,®(v)) ()
we get Cs(9) = —2 — 2In(—bg(¥9)), now by Theorem (7) and Theorem (8), we have limy_, ?:((:99)) <

2
A9 v
[]EHA<6 ]EN(O'l){MBinomial(z.d)(v)) ('9)})]

eAI_p9erd 1
M\ (o)’

NG _
cs(®)

limyg_, o = 0. Therefore, limy_,o

—2-2In|-Ey

Proof of D4. By Theorem 6 (2), we have
Cr(9) — CL(9) < bp(¥) — 2Inbp(I) + 2In(2) + 2Inb, (V) — 2b,(I)

b (9
= bp(9) — 2b,(9) + 2In (bﬁﬁﬁi) + 2In(2).

A
Now, bp(9) = 2b,(9) = 29Ey, (eAﬂ—l)'
L bu®) _ OB W) 1
Also, A ) A, 29Bn,(—a9) 2

Then,
1im (Cr(9) = €,(9)) < lim (b (9) — 2Inb(9)) + 2Jim In (”L(I’)) +2In(2) = 0 — 2In(2) + 2In(2) = 0.

br(9)
So, Cr(I¥) < C,(Y) for large 9.
Proof of D5. Straight forward by using D1 to D3.

7. CONCLUSION

In this section we will compare the EBS for the six combination producers. From the relations in section (6)
we conclude that locally as 9 — 0, the sum of p-values procedure is better than all other procedures since it
has the highest EBS, followed in decreasing order by the inverse normal, logistic procedure and the Fisher’s
procedure. The worst two are the Tippett’s and the maximum of p-values procedures, i.e,
Cs(9) > Cy(9) > CL(9) > Cp(¥) > Cr(9) = Crnax (V).
Whereas, from result of Section (6.1) as 9 — oo the worst methods are Tippett’s and the maximum of p-
values. The logistic is better than all other procedures, followed in decreasing order by Fisher’s procedure,
sum of p-values and the inverse normal procedures, i.e,
CL®) > Cr(9) > Cs(I) > Cy (@) > Cr(I) = Crax (9).
RECEIVED: MARCH, 2021.
REVISED: DECEMBER, 2021.
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