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ABSTRACT

Nonparametric statistics are commonly used in the field of statistics due to their robustness
when the underlying assumptions are violated for the usual parametric statistics. In this
dissertation, we proposed eight nonparametric methods to test for nondecreasing ordered
alternative for a mixed design consisting of a combination of completely randomized design (CRD)
and randomized complete block design (RCBD). There were four nonparametric tests, based on
the Jonckheere-Terpstra test and modifications of it, employed to propose these nonparametric
methods.

A Monte Carlo simulation study was conducted using SAS program to investigate the
performance of the proposed tests under a variety of nondecreasing location shifts among three,
four and five populations and then compare these powers to each other and with the powers of the
test statistics introduced by Magel et al. (2009). Three underlying distributions are used in the
study including the standard normal distribution, the standard exponential distribution and
student's t-distribution (3 degrees of freedom). We considered three scenarios of proportions of the
number of blocks in the RCBD portion to the sample size in the CRD portion, namely, assuming
that the portion of the number of blocks in RCBD is larger, equal, and smaller than the portion of
the sample size in the CRD.

Moreover, equal and unequal sample sizes were both considered for the CRD portion. The
results of the simulation study indicate that all the proposed methods maintain their type one error
and also indicate that at least one of the proposed methods did better compared to the tests of
Magel et al. (2009) in terms of the estimated powers. In general, situations are found in which the
proposed methods have higher powers and situations are found in which tests in Magel et al. (2009)

have higher powers.
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CHAPTER 1. INTRODUCTION

Statistical analysis has a very central role in terms of making decisions in real-life
applications. Hence, a detailed knowledge of statistical procedures is required to help making the
correct decision. As an example, let us suppose researchers are interested to know which statistical
inference tests can be used to conduct hypothesis testing. Statistically speaking, there are two
classifications of tests that can be applied; parametric and nonparametric. Some of these tests rely
heavily on underlying assumptions about the nature of the population from which the data are
drawn. These tests are called parametric (sometimes referred to as classical) tests due to their
concentration on specific parameters of the population. For instance, the analysis of variance test,
ANOVA, is a procedure for testing the differences among a group of means requires that the random
samples should be mutually independent and drawn from normally distributed populations with
equal variances.

In practice, sometimes researchers may not have complete knowledge about the underlying
population distributions. Thus, the researchers would not be able to be sure whether the
assumptions are met or not. In such cases, any conclusions based on these tests can be misleading.
Nonparametric, or sometimes distribution-free, tests consider one of the alternative approaches to
conduct tests on populations that have not met the required assumptions.

Hollander and Wolfe (1999) have shown several advantages of using nonparametric tests.
Nonparametric tests are often easier to apply due to the fact that they require few assumptions
about the populations. For example, nonparametric tests do not require that the underlying
distributions of populations are known beforehand, whereas in parametric tests this assumption is
necessary. Nonparametric tests are often more convenient than the parametric counterparts in cases

where the population does not follow normal distribution. Moreover, nonparametric tests are found



to be less sensitive when the data contains outlier observations. Lastly, nonparametric tests are
often more useful than the parametric tests in the analysis of ordinal scale data due to the fact that
they do not require the actual magnitude of the observations (Gibbons, 1993).
1.1. Motivation

In many experimental studies, the aim of using nonparametric tests is to test the effect of
treatments by conducting a hypothesis test. In order to do so, researchers need to determine the
nature of the hypothesis test and the design structure for the test. Occasionally, the null hypothesis
is used to test that there are no differences among treatment effects. Though, in terms of the
alternative hypothesis, the treatments sometimes follow a priori order. In such cases, the so-called
ordered alternative may be more appropriate than testing the alternative that the treatments effects
are different. The scope of our dissertation concentrates on the nondecreasing ordered alternative
hypothesis. That is,

Hot py = pp = = = iy
Versus
Hy: pg S pp <o <y (with at least one strict inequality).

As for the design structure, it is possible that researchers may run an experiment by
choosing a specific design structure for the test. However, after a while, the researchers may realize
that they cannot continue with their initial design structure due to some reasons beyond their
control and might need to shift to another design structure before the experiment is completed.
According to Magel et al. (2009), let us suppose a large company is interested in controlling the
increasing cost of insurance of its employees. In order to achieve its goal, the company introduces
a wellness program in an attempt to enhance the overall health by reducing the average

cholesterol level, LDL, of its employees. To test the competence of the program, the company



starts measuring the cholesterol levels of random employees’ samples — after their consent — three
times in two years: at the beginning of the program and two times, annually, afterward. However,
because the company is large and has an annual turnover of nearly 18% in its employees, many
observations become obsolete because their donor employees left the company before completing
them; therefore, their cholesterol level cannot be obtained anymore. To counter this problem, the
company decides to discard observations that were incomplete for at least one year and perform a
test using only a randomized complete block design (RCBD) to get accurate results on cholesterol
levels over two years.

Yet, the company realizes that it loses a lot of data by sticking to a randomized complete
block design (RCBD) which, in turn, hampers its effort to enhance its employees’ overall health.
Thus, the company comes up with an idea to take advantage of the leftover observations that do
not constitute a complete block and collect more observations in next years using a completely
randomized design (CRD). Therefore, a required statistical test combines the observations from
the randomized complete block with those from the completely randomized design is needed.

Page (1963), Jonckheere (1954) and Terpstra (1952) were among the first who proposed
nonparametric tests for testing nondecreasing ordered alternatives. However, Page (1963)
proposed a test that can be used when the design structure is viewed as a randomized complete
block design (RCBD). Jonckheere-Terpstra test can be used when the design structure is viewed
as a completely randomized design (CRD).

Magel, Terpstra, and Wen (2009) have introduced two nonparametric tests for the
nondecreasing order alternatives in a mixed design. These two tests were a combination of Page
and Jonckheere-Terpstra tests. A simulation study was conducted to compare the power of these

tests with the power of Page test. The conclusion of the simulation showed that it would be more



appropriate to use one of their tests instead of tossing out some observations and stick with a
randomized complete block design (RCBD).
1.2. Outline of the Dissertation

The aim of this dissertation is to provide new nonparametric methods for the nondecreasing
ordered alternative in cases where we have a mixed design. The proposed methods are based on
the Jonckheere-Terpstra test and modifications of it. Additionally, the design structure for these
tests is a combination of a randomized complete block design and a completely randomized design.
A simulation study is conducted to compare the power of these newly proposed methods with the
tests proposed by Magel et al. (2009) for three, four and five populations under a variety of
distributions. Powers of all methods used in the study are estimated based on a significance level
of 0.05.

The outline of this dissertation is structured as follows: Chapter 2 introduces a review of
the literature for the relevant tests for ordered alternative in the CRD, RCBD and mixed designs.
In Chapter 3, we introduce the main contribution of this dissertation by presenting the newly
proposed methods along with an illustrative example. Chapter 4 describes the design of the
simulation study that will be used to study the performance of the proposed tests. Chapter 5
presents the results of the simulation study described in Chapter 4. Chapter 6 discusses the

conclusion, limitation, and future work of this research.



CHAPTER 2. REVIEW OF LITERATURE

2.1. Introduction

There are a number of proposed parametric and nonparametric test statistics that can be
used for analyzing data from independent samples. If the main interest of researchers is to do
comparison between two location parameters (means or medians) on a single response variable,
one can possibly apply the two independent samples t-test or the Mann-Whitney test, which is a
nonparametric test. In this chapter, we provide an overview of previous work regarding the
nonparametric test statistics to test for differences in location for various designs, including the
randomized complete block design (RCBD), the completely randomized design (CRD) and the
mixed designs.
2.2. Relevant Literature
2.2.1. Mann-Whitney Test

Mann and Whiney (1947) considered a general procedure for testing the differences
between two treatment effects in terms of location parameters. The hypotheses for this test can be
formulated as follows:

Ho: py =pp Vs Hy: g <pp OF Hy:piy > pp OF Hyt pg # [y

where p; is the location parameter for the i"" population. This procedure does assume two
independent samples. It also assumes the populations that differ only in location, if they differ.

The test statistic is known as the U-statistics of Mann-Whitney and can be defined as

ny Ny

U_ Z Z o(X;, X;) (2.1)

i=1j=1

1, if X; <X;
0, otherwise

with 9(X, X;) = {



Under Ho, the test statistic has an asymptotic normal distribution with mean and variance % and

nxny(nx+ny+1)

5 , respectively. Furthermore, in the case of no ties, the test statistic can be rewritten

in terms of Wilcoxon two-sample rank sum test (1945) as follows:

_ny(ny+1) (2.2)

u-w >

where W = Z;Z L R(Y;) is the Wilcoxon two-sample rank sum test statistic and R(Y;) represents

the joint ranking of the two samples.
2.2.2. Dubnicka, Blair, and Hettmansperger Test
Dubnicka, Blair, and Hettmansperger (2002) introduced a rank-based nonparametric
approach to testing hypotheses in a mixed two-sample design. The mixed design is a mixture of
paired data and independent observations. Since the design was a combination of paired data and
independent observations, the Wilcoxon signed rank statistic (S*) was applied to the paired data,
and the Mann-Whitney statistic (U*) was applied to the independent samples. That is,
T+H=S§*+U* (2.3)
Under Ho, the standardized version of the proposed approach by Dubnicka et al. (2002)

can be written as

7= Tt —Ey(T")
— [Var,(TH (2.4)
where
o nn+1) nn,
Eo(T*) = —— > (2.5)
and
Vary(T+) = nn+1)(2n+1) 4 nn,(ny +n, + 1) (2.6)

24 12



where n denotes the sample size of the paired data portion and n; n, denote the sample sizes of
the first sample and second sample, respectively. In equation (2.5), it can be seen that the mean of

Dubnicka et al. (2002) test can be expressed as the sum of Wilcoxon signed-rank test and the

nin;

Mann-Whitney test. where @ denotes the mean of the Wilcoxon signed-rank test and .

n(n+1)(2n+1) and

denotes the mean of the Mann-Whitney test. Likewise, in equation (2.6), ”

W denote the variance of the Wilcoxon signed-rank test and the variance of the Mann-

Whitney test, respectively.
Moreover, a weighted version of the proposed test (T *) was also introduced by Dubnicka

et al. (2002). That is,

2N 2
= St*+————U"* 2.7
(nN + 2nyny)(n+ 1) * nN + 2nyn, 27)

*

where N = ny + n,.
Fu and Magel (2014) developed a nonparametric test statistic that is similar to the test

proposed by Dubnicka et al. (2002). However, the idea of Fu’s test is based on assigning equal

1

weights, 5

to the standardized versions of Wilcoxon signed-rank test and the Mann-Whitney

test, and then add them together. They concluded that the proposed test has higher power than the
test of Dubnicka’s et al. (2002) in situations when the sample portion of paired data is equal or
greater than the sample portion for the independent data.
2.2.3. Kruskal -Wallis Test

Kruskal and Wallis (1952) proposed a nonparametric procedure for testing the treatment
effects in cases where we have more than two independent samples. This test is known as the
analogous test for the classical analysis of variance test, ANOVA. Of note, the Kruskal-Wallis test

is considered as the extended version of Mann-Whitney test and does assume population
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distributions are the same except a possible difference in locations. The hypotheses are formulated
as follows:

Ho: py = pp = = g
Versus

Hy: py #p;  (forsomeiand j)
where ; is the location parameter of the i" population. The procedure for testing these hypotheses
is to rank the data in order of magnitude from smallest to largest, keeping the identity of the sample
to which the observations belong. In case of the ties, the average of ranks is assigned to those

observations. The Kruskal-Wallis test is defined as follows:

k
g 12 ZlR n (N + 1D\
NN+ Ling \ Y 2
j=1

k
[ 12 R?
-\ v ;n—j —3(N+1) (2.8)

where R; is the sum of ranks in the j™ sample, N is the total number of observations in the k
samples, and n; is the number of observations in the j™ sample. Under H,, for large sample size,
the statistic H has an asymptotic chi-square (y?) distribution with k-1 degrees of freedom
(Daniel,1990).
2.2.4. Jonckheere-Terpstra Test

Jonckheere-Terpstra test (referred to as JT) is a widely known nonparametric test for the
nondecreasing ordered alternatives in the k-sample case when the design is a completely
randomized. The test was proposed independently by Terpstra (1952) and Jonckheere (1954). For

this test, the samples must be independent, and each sample is assumed to be drawn from a



continuous population in which the distribution is the same for each population and may only differ
in the location parameters. The null hypothesis is:
Ho: g =ty = - = [l
and the ordered alternative is
Hi: py S pp < Sy (with at least one strict inequality).
where g; is the location parameter of the i population.
The test statistic is based on the summation of k(k —1)/2 Mann-Whitney statistics.

Namely, it can be expressed as

k-1 k
i=1 j=i+1

where Uj; is the U-statistics of Mann-Whitney and is defined as the number of pairs of observations
(X;q.Xp) in Which X;, is less than X;;,, once more, X, is the a™ observation in i treatment sample,

a=1,2,..,n; and Xj is the b™ observation in j" treatment sample, b = 1, 2, ...,nj. Under the null

hypothesis, Ho, the JT statistic follows an asymptotic normal distribution with mean

< v nn N2-YE . n?
E(gn =) » S == —femn (2.10)
i=1 j=i+1

and variance

N2(2N +3) = ¥k n?(2n; + 3)
72

Var(JT) = (2.11)

where N = Y¥'¥ . n;, and n; denotes the sample size of the i treatment. However, the asymptotic
normality of JT depends on the number of samples. Jonckheere (1954) mentioned that the

normality approximation might be inaccurate if only one n; tends to infinity as N increases.



Therefore, to achieve the normality approximation, at least two samples increase as N tends to
infinity. Therefore, the standardized version of the test statistic, /T, is defined as
JT = [(V2 - Bk nf)/4]

\[[NZ(ZN +3) =Yk, n?(2n; + 3)]/72

Zir = 2.12)
Mahrer and Magel (1995) did a comparison between the JT, Cuzick and Le tests. The
results of their comparison indicated that the tests are the same in terms of the power and concluded
that one can utilize the test that is easiest to use.
2.2.5. Modified Jonckheere -Terpstra Test
Tryon and Hettmansperger (1973) introduced a modified version of the JT test, MJT. Both
tests, JT and MJT, are dealing with the nondecreasing ordered alternatives. However, the MJT test
assigns more weights for each Mann-Whitney statistic based on the distance between the i and j*"
populations. Thus, if the distance between the two populations is considered to be large, more
amount of weight will be assigned to each Mann-Whitney statistic. The test statistic can be written
as follows:
k-1 k
MT=> > (-0 213)
i=1 j=i+1
Under Ho, the asymptotic distribution for the test statistic follows a normal distribution

with mean

k-1 k
EMT) =Y ) (=D (2.14)

=1 j=i+1

and variance
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k
Var,(MJT) = Var z G - DUy (2.15)

e VaT(UU)'l'ZZ z Z Z G — D)t — 5) Cov(Uy;, Uy,

i=1 j=i+1 s=1t=s+1

”M;‘T

where the values of the variance and the covariance terms can be defined as in Hollander and

Wolfe (1999) where
nni\n; +n; +1 2.16
Var(U;;) = 7y ‘12’ ) fori<i<j<k (2.16)
( % if 1<ip<j<kj#*gq
nnn
-—2Lf if 1<p<js<ki=gq
12
Coly Uhe) =900 i 1si<j<qskj=p 247
nnn
—ZLF  if 1<ip<j<ki#p
12
\ 0 if i,j,p,q are different

To illustrate the procedure, let assume that we are sampling from three populations (k = 3) with
unequal sample sizes. The variance of the modified Jonckheere-Terpstra can be derived as
Var(MJT) = Var(U,, + 2U;5 + U,3)
=Var(U,;) + 4Var(U,3) + Var(U,3) + 4 Cov(U,,, 2U,3) + 2Cov(U,5,U,3)
+ 4 Cov(Uy3,U,3)

_ mny(ny+n, +1) nns(n;+n; +1) nyng(ny,+n; +1) nNn,Ng
B 12 12 12 12

_mn,(N+1) N 4nlng,(N +1) nynz;(N+1)
a 12 12 12

_ (yn; +4nyng + nynz)(N + 1)
- 12

11



In such way, we can estimate the variance for situations where we have four and five populations.
For further information, see Appendix. Consequently, the standardized version of the modified

Jonckheere-Terpstra can be written as follows

MJT — Eo(MJT) (2.18)

SN 7]

Neuhauser et al. (1998) illustrated that in situations when the sample sizes are relatively small, the
modified Jonckheere-Terpstra (MJT) has higher power than the original Jonckheere-Terpstra (JT).
2.2.6. Terpstra and Magel Test

Unlike the JT and MJT tests, which are dependent on information that is obtained from all
the k(k — 1)/2 pairs of samples, Terpstra and Magel (2003) introduced a new nonparametric test
for testing the nondecreasing ordered alternative that does not depend on pairwise information.
Instead, it depends on the information that is obtained across all samples at the same time. The test

statistic is given as follows

n; Nk

2.19

™ = Z . Z (X, < Xop, < -+ < Xpp) (2.19)
il—l ik=1

where I(Xy;, < X5, < - < Xy, ) is the indicator function that is equal to one only when there is

at least one strict inequality and zero otherwise. Terpstra and Magel (2003) compared their test to
the Kruskal-Wallis (H), the JT, and the MJT tests. The result indicated that the proposed test has
fairly higher power when the priori ordering is correct. However, if it is the other way around, the
proposed test can have smaller power than the JT, and the MJT tests.

Some other noteworthy contribution that is related to the TM test is the nonparametric test
proposed by Ferdhiana et al. (2008). For this test, it is similar to the test proposed by Terpstra and
Magel (2003), with the exception of function. Ferdhiana et al. (2008) used the Kendall’s Tau

correlation coefficient instead of the indicator function used in the TM test.
12



Moreover, another nonparametric test is given by Terpstra et al. (2011) that is analogous
test to the TM; however, in this test the indicator function in (2.19) was replaced by Spearman’s
correlation coefficient. The result of both tests indicate that the proposed test has higher power
than the JT, the MJT and the TM when the sample sizes are small with large shift between the two
adjacent location parameters.

2.2.7. Page Test

Page test (referred to as L) is a nonparametric procedure that is applicable for testing
nondecreasing ordered alternative when the data can fit the two-way analysis of variance structure.
This procedure developed by Page (1963). (Daniel, 1990) mentioned several assumptions for the
validity of this test, including the independency of blocks, and no relation, interaction, between
the blocks and the treatments. The hypotheses for the Page test, L, are similar to the hypotheses
stated in Jonckheere-Terpstra test where the null hypothesis states that there are no differences
among treatments, and the alternative hypothesis state that the treatment affects follow a
nondecreasing order with at least one strict inequality. The test statistic is

k
L= Z JR; (2.20)
j=1
where R; is the j" treatment rank sum, based on the within block ranks of the original observations.
Under Ho, the statistic L has an asymptotic normal distribution with mean and variance,
bk(k +1)?/4 , b(k® — k)?/144(k — 1), respectively. The standardized version of the statistic L
can be defined as

- [bk(k +1)?/4]
" bk — k)2/144(k — 1)

(2.21)
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where b denotes the number of the blocks and k denotes the number of treatments. Under Ho, the
statistic Zp follows an asymptotic standard normal distribution (i.e., N(0,1)) and so the standard
normal table can be used to get the critical values.

Moreover, under the randomized blocks, Hollander (1967) and Pirie (1974) showed some
comparisons between Page test and some extant tests when an a priori ordering for the alternatives
is identified. Their findings did not give significant differences among them in terms of the
estimated powers.

2.2.8. Magel, Terpstra and Wen Tests

Magel et al. (2009) proposed two tests for the nondecreasing ordered alternatives in mixed
design. Part of the design is considered a data from a randomized complete block design and the
other part is considered a data from a complete randomized design. The proposed tests are a
mixture of Page test and Jonckheere-Terpstra test. The first proposed test, can be written as
follows:

Zy+ 7y

=" (2.22)

Under Ho, C; follows a standard normal distribution since the standardized version of the Page
test, and the standardized version of the Jonckheere-Terpstra, Z,,, Z;r, respectively, follow a
standard normal distribution. Thus, the null hypothesis will be rejected when Z; = Z, where Z,,
is the upper a quantile of the standard normal distribution.

The second proposed test is based on the idea of Dubnicka et al. (2002). In this test, the

Page and Jonckheere-Terpstra tests were added together first and then standardized. That is,

_ L+JT—E(0)

JVar(0)

C, (2.23)
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where

bk(k +1)? + (N2 =¥k n?
4

E(0) = (2.24)

and

b(k3® — k)2 N N2(2N +3) — ¥¥  n?(2n; + 3)
144(k — 1) 72

Var(0) = (2.25)

It can be noted that the mean and variance are the sum of the Page test and the Jonckheere-Terpstra

2_yk

2 2
bie(k +1)7 ; 1) denotes the

test. More specifically, denotes the mean of the Page test and W

3_5)\2 2 vk 2050,
mean of the Jonckheere-Terpstra. Similarly, % and LN+ 27‘;1"‘ (2n;+3)

denote the

variance of the Page test (L) and the variance of the Jonckheere-Terpstra test (JT), respectively.
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CHAPTER 3. DESCRIPTION OF PROPOSED METHODS

3.1. Introduction

In this chapter, we introduce the main contribution of this dissertation, in which eight
nonparametric methods are proposed. These methods can be used when there are three or more
populations and a priori nondecreasing pattern for the sample data is identified if the populations
are different. The methods are generalizations of the Jonckheere-Terpstra (JT) test. A test for the
completely randomized design (CRD) portion is calculated and also a test for the randomized
complete block design (RCBD) portion is calculated. Standardized version of both test statistics
(e.g., the CRD and RCBD) are added together and then unstandardized versions of the test statistics
are added to obtain test statistics for the overall design.

As previously mentioned, the experimenters sometimes may start with one design structure
and for some reasons they must shift to another design structure before the experiment is
completed. Thus, the design structure for these methods is a mixed design which is a combination
of a completely randomized design (CRD) and a randomized complete block design (RCBD).
These methods are designed to test the following hypotheses

Ho: g = pp = - =

VErsSuUs

Hyt g S pp <0 < iy

with at least one strict inequality, where y; is the location parameter of the i population with i =

1, 2, ..., k and k being the total number of populations. This form of alternatives hypothesis is

known as the nondecreasing ordered alternative.
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3.2. Proposed Methods

The Jonckheere-Terpstra (JT) test and some modifications of the JT test already exist for
the completely randomized design (CRD). However, we need to propose new version of the JT
test for the randomized complete block design (RCBD) portion of the design. The following
sections provide more details of the proposed methods.
3.2.1. Method Number One

In Chapter 2, equation (2.12), we have given the standardized version of Jonckheere-

Terpstra as

JT —[(N? = £k n?)/4]

\[[NZ(ZN +3) =Xk n?(2n; + 3)]/72

Z]T=

where JT is defined as the unstandardized version of Jonckheere-Terpstra test. N is defined as the
total sample size of all treatments and n; is defined as the sample size of the i treatment. Under
Ho, as min(ny, n,, ... ny) tends to infinity,
Zir S N(0,1)

This test will be used in to the completely randomized design portion. As for the randomized
complete block design portion, we calculate the JT test for each block (i.e., JT1, JT2, ...., JTi; | =
1, 2,..., b) so that JT1 denotes the Jonckheere-Terpstra test for the first block, JT. denotes the
Jonckheere-Terpstra test for the second block, and so on. After that, we add up together all the JT

tests from each block to from the BJT test. That is,

b
BJT = Z IT, (3.1)
=1
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where b is the number of blocks. It can be seen that BJT is expressed as the summation of the
Jonckheere-Terpstra test values for each block. In like manner, we get the mean and variance for

the new test BJT, namely,

b b
k2 —k
E@BJT) = ) E(T) = ) ( y ) (3.2)
=1

=1

and

b b 2 B
Var(BJT) = Z Var(T,) = Z <k (2k 4;23) 5k> (3.3)
=1

=1
Here k is defined as the total number of treatments in each block. In this design, we consider one

observation per block-treatment. The standardized version of BJT test can be written as follows:

BJT — E(BJT) (3.4)

-
Pt Var(BJT)

Further, under Ho, as min (n,, n,, ... n;) tends to infinity,

D
Zg;r ~N(0,1)
The first proposed method for the nondecreasing ordered alternative in the mixed design,
T1, is given in equation (3.5)

_ Z]T + ZB]T
' V2

Here, we added the standardized version of JT and BJT together first and then we standardized the

(3.5)

two tests by subtracting the means and divided by the standard deviations. Under Ho, as min
(nq4,n,, ...ny) tends to infinity, this test will follow an asymptotic normal distribution since it is a

combination of two tests which follow a standard normal distribution. Moreover, the null
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hypothesis, Ho, will be rejected when T; > Z,, where Z, is the (1- a) 100% of the standard
normal distribution.
3.2.2. Method Number Two

The second proposed method for the nondecreasing ordered alternatives in a mixed design
is an extension of the idea of Dubnicka’s et al. (2002). In this method, we add the unstandardized
version of JT and BJT first, and then standardize them simultaneously. This test can be written as
follows:

_Ih- [E(JT) +E(BJT)]
‘" JVar(T) + Var(BJT)

(3.6)

where
k-1 k b
T; =JT +BJT = Z Z Uy + Z]Tl (3.7)
i=1 j=i+1 =1
Here, k is the number of treatments and b is the number of blocks. JT; is the Jonckheere-Terpstra
test for the I™ block. Under Ho, this method will also follow an asymptotic standard normal

distribution as min(n,, n,, ... n;) tends to infinity. The null hypothesis, Ho, will be rejected when

3.2.3. Method Number Three
Recall the standardized version of the modified Jonckheere-Terpstra, Z),;r , as written in

equation (2.20) is as follows:

MJT — E(MJT)

Z =
M Var(MJT)

where MJT is defined as the unstandardized version of modified Jonckheere-Terpstra test. Under

Ho, as min(n,, n,, ... n;) tends to infinity,
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Zuyr > N(0,1)
This test will be used in the completely randomized design portion. As for the randomized
complete block design portion, we calculate the MJT test for each block (i.e., MJT1, MJTo,..., MJT|
;1=1,2,...,b) so that MJT; denotes the modified Jonckheere-Terpstra test for the first block, MJT>
denotes the Modified Jonckheere-Terpstra test for the second block, and so on. Then we sum up

all the MJT tests together to from the BMJT test. That is,

b
BMJT = Z MJT, (3.8)
=1
The standardized version of BMJT test can be written as follows:
BMJT — E(BMJT) (3.9)

7 =
BT Var(BMJT)
where BMJT is defined as the unstandardized version of the summation of the modified

Jonckheere-Terpstra test for the entire blocks. Since we are considering one observation per block-

treatment, using equation (2.14), the mean of BMJT in (3.8) can be define as

k-1

E(BMJT) = Zb: E(MJT) = Z zk:
=1

=1 \i=1j=i+1

(3.10)

Similarly, the variance of BMJT can be defined as

b
Var (BMJT) = Var(MJT,)

Z Z Z G- z) Z Z Z zz Cov(Uy;, Uyt ) (3.1)

i=1 j=i+1

where b is the number of block and MJT; is the modified Jonckheere-Terpstra for the 1" block.

Furthermore, the values of the covariance term can be obtained from equation (2.17).
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Under Ho, for large sample sizes,

D
Zpmjr — N(0,1)
The third proposed method for the nondecreasing ordered alternative in a mixed design,
T3, is given by

T, = Zyjr + Zpmyr (3.12)
V2

In this method, we added the standardized version of MJT and BMJT together first and then we

standardized the two tests. Under Ho, for large sample sizes, this test will follow an asymptotic
normal distribution since it is a combination of two tests which follow a standard normal
distribution. The null hypothesis, Ho, will be rejected when T; > Z,,.
3.2.4. Method Number Four

The fourth proposed method for the nondecreasing ordered alternatives in a mixed design
is an extension of the idea of Dubnicka’s et al. (2002). In this method, we add the unstandardized

versions of MJT and BMJT first, and then standardize them simultaneously. This test can be written

as follows:
T;- [E(MJT) + E(BMJT)]
4= (3.13)
JVar(MJT) + Var(BMJT)
where
k-1 k b
Ty = MJT + BMJT = G-DU;+ > MT, (3.14)

Here, k is the number of treatments and b is the number of blocks. MJ T, is the modified Jonckheere-

Terpstra test for the 1" block. Under the null hypothesis, as min(ny, n,, ... n;,) tends to infinity, this
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method will also follow an asymptotic normal distribution. Additionally, the null hypothesis, Ho,
will be rejected when T, > Z,, .
3.2.5. Method Number Five

We have shown that the modified version of the Jonckheere-Terpstra is performed by
adding some weights to the Mann-Whitney statistics. In this proposed method, the distance

between the two populations is squared. That is,

k-1 k
MJT? ; j;lo 02U,

Since we are dealing with a mixed design, the standardized version of the test that will be
applied to the completely randomized portion is written as

MJT? — E(MJT?)

Zyirz =

where
k-1 k nn
EMTY = Y Y (- (3.17)
i=1 j=i+1
and
k-1 k
Var(jT?) = Var{ > Y’ (- iUy (3.18)
i=1 j=i+1
k-1 k k-1 k k-1 k
= Z Z G —0* Var(Uy) + ZZ Z Z Z (G — D2(t — s)? Cov(Uy;, Ug,)
i=1 j=i+1 i=1 j=i+1s=1t=s+1

Under Ho, as min(n,, n,, ..., ny) tends to infinity,

D
Zuyrz = N(0,1)
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The test that will be used in the randomized complete block portion is calculating the MJT?
test statistic in each block (i.e., MJTZ, MJTZ,..., MJT?; 1 = 1, 2,..., b) where MJT# denotes the
squared modified Jonckheere-Terpstra test for the first block, and so on. And then, we sum up all

the MJT? tests together to get the BMJT? test. That is,

b
BMJT? = ) MJT? (3.19)
=1
Further, the standardized version as follows:
BMJT? — E(BMJT?) (3.20)

ZBM]T2 = \/WM]TZ)
where BMJT? is defined as the unstandardized version of the summation of the squared modified
Jonckheere-Terpstra test for the entire blocks. From equation (3.17) and taking into account that
we are considering one observation per block-treatment, the mean of BMJT? in equation (3.20)

can be written as

b k- k
E(BMJT?) = Z E(MJT?) = Z (3.21)
=1 i=1j
Following the same procedures as before, the variance of BMJT? can then be defined as
Var(BMJT?) = Z Var(MJT?) (3.22)

=1

b k-1 k
=1

DI I IPIWETIER S
i=1 j=

1 i=1 j=i+1 i+1s=1
where b is the number of blocks and MJT/? is the squared modified Jonckheere -Terpstra for the
Ith block. The covariance term can be obtained from equation (2.17). Under Ho, as

min(n, n,, ..., ng) tends to infinity,
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D
ZBM]TZ g N(O,l)
Hence, the fifth proposed method for the nondecreasing ordered alternatives in a mixed design is

written as follows:

ZM]TZ + ZBM]TZ (3 23)
7 .

In this method, we added the standardized version of MJT?2 and BMJT? together first and then we

T5=

standardized the two tests by subtracting the means and then divided by the standard deviations
for the two tests. Under Ho, for large sample sizes, this test will follow an asymptotic normal
distribution since it is a combination of two tests which follow a standard normal distribution. The
null hypothesis, Ho, will be rejected when Tz > Z,, .
3.2.6. Method Number Six

In this method, we added the two tests together first and then we standardized them. Thus,
the test we are proposing for the nondecreasing ordered alternatives in a mixed design can be
written as follows:

T~ [E(MJT?) + E(BMJT?)]

_ 3.24
© Var(MJT?) + Var(BMJT?) (3:29
where
k-1 k b
T: = MJT? + BMJT? = Z Z G — )%y + ZM]Tl2 (3.25)
i=1 j=i+1 =1

Here, k is the number of treatments, and b is the number of blocks. M) T/ is the squared modified
Jonckheere-Terpstra test for the 1" block. Under Ho, for large sample sizes, this method will also

follow an asymptotic normal distribution. The null hypothesis, Ho, will be rejected when T, > Z,.
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3.2.7. Method Number Seven
In this proposed method, we are applying the idea proposed by Tryon (1973) where the

distance between the two populations is multiplied by the i population. That is,

k-1 k
— T (3.26)
NMJT = ; j;ll(] DU;;

Since we are dealing with a mixed design, the standardized version of the test that will be
applied to the completely randomized portion is written as

NMJT — E(NMJT) (3.27)

7 —
NI Var(NMJT)

where NM]JT is defined as the unstandardized version of the new modified Jonckheere-Terpstra

test with mean

k-1 k
nn;
E(NMJT) = Z Z i — ) (3.28)
i=1 j=i+1
and variance
k-1 k
Var (NMJT) = Var Z Z i — DU (329)
i=1 j=i+1
k-1 k k-1 k k-1 k
= Z Z i2( — )% Var(Uy) + ZZ Z Z Z (i.5)(G — D(t—s) Cov(Uy;, Us,)
i=1 j=i+1 i=1 j=i+1s=1 t=s+1

Moreover, the values of the variance and the covariance terms can be obtained using equation
(2.16) and (2.17), respectively. Under Ho, as min(n,, n,, ..., ny) tends to infinity,
Zauyr > N(0,1)
As for the randomized complete block design portion, a test is designed by applying the

NM]T test to each block (i.e., NMJT1, NMJTo,..., NMJT; ; 1 =1, 2,..., b) where NMJT: denotes the
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new version of the modified Jonckheere-Terpstra test for the first block, NMJT. denotes the new
version of the modified Jonckheere-Terpstra test for the second block, and so on. Then, we sum

up all the NMJT tests together to form the BNM]JT test. That is,

b
BNMJT = Z NMJT, (3:30)
=1

where b is the number of blocks. Corresponding to equation (3.27) and since we are considering

one observation per block-treatment, the mean of BNMJT test can then be written as

E(BNM]T)zzb:E(NM]Tl)_Z Z Z l(] ) (3.31)
=1

=1 i=1 j=i+1

In like manner, the variance of BNMJT test can be defined as

Var(BNMJT) = IZ Var(NMJT) (3.32)
b k-1 2( )2 k— k k- k
=z z z ] ! z Z Z Z (i.s)G—0D)(t—5) Cov(UU,Ust)
=1 i=1 j=i+1 i=1j s=1t=s

where b is the number of blocks and NMJT; is the new (multiplied) modified Jonckheere-Terpstra
test for the 1™ block. Moreover, the covariance term can be obtained from (2.17). The standardized

version of BNMJT test is written as

BNMJT — E(BNM]JT) (3.33)

7 =
BNMIT JVar(BNMJT)
where BNM]JT is defined as the unstandardized version of the summation of the new modified

Jonckheere-Terpstra test for the entire blocks. Under Ho, as min(ny, n,, ... n;) tends to infinity,

D
ZgnmyT ™ N(0,1)
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The seventh proposed method for the nondecreasing ordered alternatives in a mixed design
is written as follows:

ZNM]T + ZBNM]T

V2

Here, we added the standardized version of NMJT and BNMJT together first, and then we

T7=

(3.34)

standardized the two tests by subtracting the means and divided by the standard deviations.
Under Ho, for large sample sizes, this method will follow an asymptotic normal distribution
since it is a combination of two tests which follow a standard normal distribution. Thus, the null
hypothesis, Ho, will be rejected when T, > Z,, .
3.2.8. Method Number Eight
The eighth method we are proposing for the nondecreasing ordered alternatives in a mixed

design is designed as follows:

_ Ts — [EWNMJT) + E(BNM]T)] (3.35)
° JV(NMJT) + V(BNMJT)

where

k-1 k b
Tg = NMJT + BNMJT = Z Z i — DU + z NM]T, (3.36)
i=1 j=i+1 =1

Here, k is the number of treatments, and b is the number of blocks. NMJT is the new modified
Jonckheere-Terpstra test for the 1" block. Under Ho, for large sample sizes, this test will also follow
an asymptotic normal distribution. The null hypothesis, Ho, will be rejected when Tg > Z,, .
3.3. lllustrative Example

The objective of this section is to provide a real-life example for the sake of illustration
and to show how each of the proposed methods is being calculated. The data set that we are using

is the data for the College of Arts and Sciences at Texas Tech University. More explicitly, these
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data represent student evaluations of instructors for eight departments for Fall 2019 semester. The
classes are innately defined by three levels (i.e., 2000/2000, 3000/4000, and 5000/6000) so that
the first level (1000/2000) indicates the freshmen (1% year) and the sophomores (2" year) classes,
the second level (3000/4000) indicates the juniors (3" year) and the seniors (4"" year) classes, and
the third level (5000/6000) indicates the graduate level of classes.

The variable we are interested in is the average evaluation score students give to an
instructor based on answering the question “Overall, the instructor was effective teacher?”.
Therefore, the evaluation scores are scaled from one (Strongly Disagree) to five (Strongly Agree).
In this example, each department is viewed as a block, and each level of classes is viewed as a
treatment. Our aim is to determine any presence of nondecreasing trends among student
evaluations as a class level increases. In other words, we are interested in testing the following
hypothesis:

Ho:py = pp = pz Versus Hy:py < i < iz
with at least one equality violated, where y; is the average of evaluation score for students in the
i level. Let us assume that the data are collected using two different designs. The first design is
the completely randomized block design (RCBD) by randomly selecting one class from each level
within each department. The results of the RCBD are shown in Table 3.1. The second design is a
completely randomized design (CRD) by randomly selecting eight classes from each level

regardless of department. Table 3.2. represents the result of the CRD.
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Table 3.1. Data Display for the Randomized Complete Block Design (RCBD)

Class Level
Departments
Level 1 Level 2 Level 3

Biological sciences 2.93 3.25 4.83
Chemistry 3.50 3.90 3.80
Economics 4.29 4.12 4.14
English 3.71 4.33 4.64
Geosciences 4.74 4.67 4.57
History 4.47 4.75 4.88
Mathematics and Statistics 4.02 4.94 5.00
Political Sciences 4.18 3.69 4.38

Table 3.2. Data Display for the Completely Randomized Design (CRD)

Class Level
Level 1 Level 2 Level 3
3.13 3.90 4.20
3.80 4.82 4.72
4.38 3.76 3.20
4,51 4.60 4.64
3.57 3.40 4.71
3.71 4.40 4.67
4.17 4.27 4.30
4.44 4.85 4.89

The values of the tests proposed by Magel et al. (2009) are calculated as follows:

with P-value = 0.004.

1=

 Zpage + Zyr 17541957 _

V2

V2

_(L+JT) = [E(L) +E(T)] _ (103 +133) = (96 +96) _

2

with P-value = 0.011.

JVar(L) + Var(JT)

29

J{16+357.3)

2.28



Similarly, the values of the proposed methods along with their p-values are presented as follows:

Method Number One:

Zir + Z 1.957 + 1.84
=L 8T = 2.68

h="5 72

with P-value = 0.0037.

Method Number Two:

_(T+BJT)— [E(JT) + E(BJT)] _ (17 +133) — (12 + 96)

JVar(JT) + Var(BJT) J(7.33 +357.3) =220

2

with P-value = 0.0139.

Method Number Three:

Zuyr + Zemyr 175+ 1.979
L = = = 2.64
V2 V2

with P-value = 0.0041.

Method Number Four:

_(MJT +BMJT) - [E(MJT) + E(BBMJT)] _ (23 +184) — (16 + 128) _
- JVar(MJT) + Var(BMJT) - J(16 + 800) B

with P-value = 0.0136.

2.21

4

Method Number Five:

Z + Z 1.63 + 1.991
T, = MJT? BMJT? _ — 256
V2 V2

with P-value = 0.0052.
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Method Number Six:

_ (MJT? + BMJT?) - [ECMJT?) + E(BMJT?)] _ (35 + 286) — (24 + 192)

= 2.20
JVar(MJT?) + Var(BM]T?) J(45.3 + 2229.3)

Te

with P-value =0.0138.

Method Number Seven:

Z + Z 1.86 + 1.852
T, = NMJT 5 BNMJT _ 5 — 262

with P-value = 0.0044.

Method Number Eight:

_ (NMJT + BNMJT) — [E(NMJT) + EGBNMJT)] _ (29 +223) — (20+160) _
B JV(NMJT) + V(BNMJT) - J(233+11573)

8

with P-value = 0.0179.

For this example, it can be seen that, at 0.05 level of significance, all the proposed methods

are highly significant, which means the null hypothesis of equally student’s evaluation scores

average across all the levels is rejected. As a result, a nondecreasing trend among student

evaluations is observed and so we conclude that the graduate level is higher than the undergraduate

level (Level 1).
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CHAPTER 4. SIMULATION STUDY

4.1. Introduction

The aim of this chapter is to describe in detail the Monte Carlo simulation study that is used
to investigate the performance of the proposed methods in Chapter 3 and to compare them to each
other and with the methods proposed by Magel et al.(2009). The performance of the methods is
evaluated by the power and the level of significance (o). The power of a test can be defined as the
probability of rejecting a false Ho. Likewise, the level of significance (a) is defined as the
probability of rejecting a true Ho.

In this study, three underlying distributions are used including, the standard normal
distribution, the exponential distribution with mean one, and the student's t-distribution with three
degrees of freedom. For each distribution, we consider three scenarios of proportions of the
number of blocks in the RCBD portion to the sample size in the CRD portion, namely, assuming
that the portion of the number of blocks in RCBD is larger, equal, and smaller than the portion of
the sample size in the CRD. Regarding the CRD portion, we consider cases where the sample sizes
are equal and unequal.

Based on 5000 iterations, the study is conducted for each combination of distributions with
nondecreasing location parameters at 0.05 level of significance. The level of significance is
estimated for each method by generating 5,000 sets of samples from the populations when the null
hypothesis is true (i.e., the location parameter arrangements are the same for all treatments) and
counting the number of times the null hypothesis is rejected, dividing by the number of iterations.
Similarly, the power for each method is estimated by generating 5,000 sets of samples from the
populations when the alternative hypothesis is true (i.e., the location parameter arrangements are

different for at least one treatment) and count the number of times the null hypothesis is rejected,
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divided by the number of iterations. In general, it is said that a test has a higher power over another
test if the observed difference between the two tests” powers is 0.01 or higher. However, such a
difference may not have any practical significance. All the simulations are performed using the
statistical program SAS9.4.

4.2. Distributions Considered

As mentioned earlier, there were three underlying distributions considered in this study.
For each simulation, SAS used the so-called RAND function to generate data under a given
distribution. Subsequently, starting from a single seed, a single stream of random numbers for all
k treatments will be created by the RAND function. Of note, creating a single stream instead of
multiple streams is considered as an advantage of the RAND function because the probability of
overlapping increased by using multiple streams (SAS Institute Inc 2011). However, prior to using
the RAND function, the seed or launch point for the random numbers must be determined. This
can be done by using the function Call Streaminit. The syntax for this function as follows:

Call Streaminit (Seed).

Throughout the simulation study, the seed was set up to be zero. As a result, the RAND
function used the system clock to generate the random numbers. The syntax for this function is
defined as follows:

RAND (distribution, parameter-1,...., parameter-k)
For example, data from the standard normal distribution was generated by using
RAND (‘Normal’, U, ¢)
where 1 and o are the mean and the standard deviation, respectively. In this study, the values of
the mean and the standard deviation were set to be zero was one, respectively. The above function

generates a single stream of random numbers for samples from a standard normal distribution.

33



However, to obtain random samples from the normal distribution, we added the location
parameters on to every observation from the samples. For instance, we added the first location
parameters on to every observation from the first sample, the second location parameters on to
every observation from the second sample and so on. Similarly, data from the standard exponential
distribution was generated by using
RAND (‘Exponential’)
Here, the mean (u) and the variance (a2) are both equal to one since we are generating random
numbers from the standard exponential distribution. However, once the location parameters added
to every observation from the sample, the random numbers follow exponential distribution with
distinct mean ( L + Location parameter); however, the variance remain the same. Lastly, data from
the student's t-distribution was generated by using
RAND (‘T", df)

where df is the degree of freedom. Here, three degrees of freedom was used. Once the generating
was completed, the location parameters added to each observation.
4.3. Sample Sizes Considered

In this study, the estimated power along with the level of significance for the proposed
methods are considered under a variety of different scenarios. As we already mentioned, we
consider three scenarios of proportions for the number of blocks in the RCBD portion to the sample
size in the CRD portion, namely, assuming that the portion of the number of blocks in RCBD is
larger, equal, and smaller than the portion of the sample size in the CRD. Furthermore, for each
scenario, two phases are considered: equal and unequal sample sizes for the CRD portion.

In the first phase, we consider equal sample sizes for the CRD portion. For each

distribution, the following situations are used when k = 3, 4, and 5 for the three scenarios. First,
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when the proportion of the number of blocks in RCBD portion is larger than the portion of the
sample size in the CRD. To be more specific, the sample sizes are selected so that they are 1/8,
1/4, and 1/2 the number of blocks in the RCBD portion.

1) RCBD portion: Block = 16; CRD portion: n = 4

2) RCBD portion: Block = 16; CRD portion: n = 8

3) RCBD portion: Block = 32; CRD portion: n = 4

4) RCBD portion: Block = 32; CRD portion: n = 8

5) RCBD portion: Block = 40; CRD portion: n =5

6) RCBD portion: Block = 40; CRD portion: n = 10

7) RCBD portion: Block = 40; CRD portion: n = 20
Secondly, when the proportion of the number of blocks in the RCBD portion is equal to the portion
of the sample size in the CRD.

1) RCBD portion: Block = 10; CRD portion: n = 10

2) RCBD portion: Block = 20; CRD portion: n = 20
Lastly, when the proportion of the number of blocks in the RCBD portion is smaller than the
portion of the sample size in the CRD.

1) RCBD portion: Block = 4; CRD portion: n = 16

2) RCBD portion: Block = 8; CRD portion: n = 16

3) RCBD portion: Block = 4; CRD portion: n = 32

4) RCBD portion: Block = 8; CRD portion: n = 32
In the second phase of the simulation study, we consider the unequal sample sizes of the CRD

portion. For each distribution, the following situations are being considered for the three scenarios.
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First, when the proportion of the number of blocks in the RCBD portion is larger than the portion

of the sample size in the CRD. The following situations are considered:

Fork =3:

1) RCBD portion:
2) RCBD portion:

3) RCBD portion:

For k = 4:

1) RCBD portion:
2) RCBD portion:
3) RCBD portion:
4) RCBD portion:
5) RCBD portion:

6) RCBD portion:

For k = 5:

1) RCBD portion:
2) RCBD portion:
3) RCBD portion:
4) RCBD portion:
5) RCBD portion:

6) RCBD portion:

Block = 16; CRD portion:
Block = 16; CRD portion:

Block = 16; CRD portion:

Block = 16; CRD portion:
Block = 16; CRD portion:
Block = 16; CRD portion:
Block = 32; CRD portion:
Block = 32; CRD portion:

Block = 32; CRD portion:

Block = 16; CRD portion:
Block = 16; CRD portion:
Block = 16; CRD portion:
Block = 32; CRD portion:
Block = 32; CRD portion:

Block = 32; CRD portion:
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Secondly, when the proportion of the number of blocks in the RCBD portion is equal to
the portion of the sample size in the CRD. The following situations are considered:

For k= 3:

1) RCBD portion: Block = 8; CRD portion: n; = 16, n, =n3; =4

2) RCBD portion: Block = 8; CRD portion: n; = n; =4, n, = 16

3) RCBD portion: Block = 8; CRD portion: n;, =n, =4, n; =16

For k = 4:

1) RCBD portion: Block = 8; CRD portion: n; =20,n, =n3 =n, =4

2) RCBD portion: Block = 8; CRD portion: ny = n3 =n, =4,n, =20

3) RCBD portion: Block = 8; CRD portion: n; = n, =ng = 4,n, = 20

For k =5:

1) RCBD portion: Block = 8; CRD portion: n; =20,n, =ng =n, =ng =5

2) RCBD portion: Block = 8; CRD portion: n;, =n, =n, =ng =5,n; =20

3) RCBD portion: Block = 8; CRD portion: n; =n, =ngy =n, =5, ns =20

Lastly, when the proportions of the number of blocks the RCBD portion is smaller than
the portion of the sample size in the CRD. The following situations are considered:

Fork = 3:

1) RCBD portion: Block = 8; CRD portion: n; =16, n, =n; =8

2) RCBD portion: Block = 8; CRD portion: n;, = n; =8, n, = 16

3) RCBD portion: Block = 8; CRD portion: n;, = n, =8, n; = 16

For k = 4:

1) RCBD portion: Block = 8; CRD portion: n; = 20, n, = n; = n, = 10

2) RCBD portion: Block = 8; CRD portion: n;, = n; =n, =10, n, =20
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3) RCBD portion: Block = 8; CRD portion: n; = n, =n; =10,n, =20

Fork=5:

1) RCBD portion: Block = 8; CRD portion: n; =16, n, =n; =n, =ns; =8

2) RCBD portion: Block = 8; CRD portion: n; =n, =n, =ng = 8,n; = 16

3) RCBD portion: Block = 8; CRD portion: n; = n, =n3 =n, =8,ns = 16
4.4. Location Parameters

Powers are estimated based on a variety of location parameter arrangements. In order to
compare the new proposed methods with the tests proposed by Magel et al. (2009), the
arrangements considered are the same as in Magel et al. (2009). These location parameter
arrangements are denoted by u,, u,, us, 4s, and us for treatment one, two, three, four, and five,
respectively. Below in Table 4.1. we are listing all the location parameter arrangements that is used

to evaluate the performance of the proposed methods.

Table 4.1. Location parameter arrangements considered at the simulation study.

k=3 k=4 k=5

Case 1 Mo Ms 1 M2 M3 Ha 951 Mo M3 Ha4 Hs
1 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 05 0 0.1 02 03 005 015 025 035 045
3 0 05 05 0 0 0.25 0.25 0 0025 0.075 0.175 0.375
4 0.05 025 05 0 0125 025 0.25 0 0 0 0 0.5
5 0 03 05 0 0 0 0.5 0 0 0.125 0.25 0.25
6 0 0 1 005 0.1 0.3 0.5 0 0.05 0.05 0.3 0.3
7 0 1 1 0 025 0.5 0.5 0.05 0.2 0.3 0.4 0.5
8 0 0.5 1 0 0.5 0.5 1 0 0 0 0.25 0.5
9 0.5 0.5 1 0.1 0.2 0.6 1 0 0 0 0.35 0.35
10 0.5 1 1 025 025 05 0.5 0 0 0.25 0.25 0.5
11 0.1 0.5 1 0 0.1 0.3 0.7 0 0 0 0.1 0.3
12 0.1 03 0.7 0 0.05 0.15 0.35 0 0 0 0.2 0.7
13 0 025 0.5 0 015 0.2 0.5 0 0.1 0.1 0.6 0.6
14 0.2 05 0.8 0 0 0.05 0.3 0 0.1 0.3 0.4 0.4
15 0 01 0.8 0 0 0.1 0.6 0 0.05 0.2 0.4 0.4
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Furthermore, a detailed explanation of the types of these location parameter arrangements are
given as follows:
For cases with k = 3, the following types of location parameter arrangements are
considered:
e There is an equal distance between the parameters such as (0, 0.25, 0.5);
e Cases where the first two parameters are equal and the third one was different
such as (0.5, 0.5, 1);
e Cases where the last two parameters are equal and the first one is different such as
(05,1, 1);
e Cases where the distance between the last two parameters is twice as large as the
distance between the first two such as (0.1, 0.3, 0.7);
e Cases where the distances between the parameters are not equal, for example (0.1,
0.5,1) and (0, 0.1, 0.8).
For cases with k = 4, the following types of location parameter arrangements are
considered:
e There is an equal distance between the parameters such as (0, 0.1, 0.2, 0.3);
e Cases where the first two parameters are equal and last two parameters are equal
such as (0, 0, 0.25, 0.25);
e Cases where the first two parameters are not equal while the last two parameters
are equal such as (0, 0.25, 0.5, 0.5);
e Cases where the first two parameters are equal while the last two parameters are

not equal such as (0, 0, 0.1, 0.6);
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e Cases where the distance between the first two parameters are chosen to be the
same as the distance between the last two such as (0, 0.5, 0.5, 1);

e Cases where the distance between fourth and third parameters is twice as large as
the distance between third and second, while distance between third and second is
twice as large as the distance between second-first such as (0, 0.05, 0.15, 0.35);

e Cases where the distances between the parameters are not equal, for example (0,
0.15,0.2, 0.5).

For cases with k = 5, the following types of location parameter arrangements are
considered:

e There is an equal distance between the parameters such as (0.05, 0.15, 0.25,
0.35,0.45);

e Cases where the distance among parameters doubles each time such as (0, 0.025,
0.075, 0.175, 0.375);

e Cases where the first four parameters are equal and last one parameter is different
such as (0, 0, 0, 0, 0.5);

e Cases where the first three parameters are not equal while the last two parameters
are equal such as (0, 0, 0, 0.35, 0.35);

e Cases where the first three parameters are equal while the last two parameters are
not equal such as (0, 0, 0, 0. 25, 0.5);

e Cases where the distances between the parameters are not equal, for example

(0.05, 0.2, 0.3, 0.4, 0.5).
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CHAPTER 5. RESULTS OF THE STUDY

5.1. Introduction

The results of the simulation study play a significant role in evaluating the performance of
the proposed methods compared to each other and to those proposed by Magel et al.(2009). Thus,
the aim of this chapter is to introduce the results of the simulation study described in Chapter 4.
As previously mentioned, the proposed methods are designed to analyze data in a mixed design of
a CRD and a RCBD.

In each table, the results of the simulation study are defined based on number of treatments
(k), the distribution used to simulate the data, the sample size in the CRD portion, and the number
of blocks in the RCBD portion. Besides, a variety of location parameter arrangements, shifts, are
considered on k = 3, 4, and 5 treatments. These location parameter arrangements are grouped by
the number of cases so that each case represents a different type of the location parameters arranges
as shown in Table 4.1. The estimated level of significance (o) and the estimated power for each
method are given so that the first case, raw, of each table represents the estimated a-level, however,
the rest of cases represent the estimated powers.

The tables of the results that are presented are two-fold. First, we start with presenting the
tables for the equal sample sizes in the CRD portion, taking into account the proportion of the
RCBD portion to the CRD portion (e.g., the RCBD portion larger, equal, and smaller than the CRD
portion). Second, in the same manner, we present the tables for the unequal sample sizes in the
CRD portion.

5.2. Equal Sample Sizes for the CRD
Before the results are presented, we will give a guideline for the procedures used to present

the results of the simulation study. Because we consider three proportions of the sample sizes in
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the CRD portion to the number of blocks in the RCBD, this motivates us to take these proportions
into account in terms of organizing the results. Thus, the results are grouped based on these
proportions.

In Sec. 5.2.1, Table 5.1 through Table 5.21 show the results of the proposed methods in
terms of the estimated level of significance and the estimated powers for the normal, exponential,
and student's t distributions for three treatments (k = 3) when the proportion of the RCBD portion
is larger than the CRD portion. Similarly, Table 5.22 though Table 5.42 represent the results for
four treatments (k = 4) and Table 5.43 though Table 5.63 represent the results for five treatments
(k = 5). Situations are considered so that the sample sizes in the CRD portion are 1/8, 1/4, and 1/2
the number of blocks in the RCBD portion. Moreover, In Sec. 5.2.2, Table 5.64 through Table 5.69
represent the estimated powers along with the levels of significance of the proposed methods for
three treatments (k = 3) for the three underlying distributions when the proportion of the RCBD
portion is equal to the CRD portion. Similarly, Table 5.70 though Table 5.75 represent the results
for four treatments (k = 4) and Table 5.76 though Table 5.81 represent the results for five
treatments (k = 5).

In Sec. 5.2.3, the estimated powers along with the levels of significance for the proposed
methods are presented when the number of blocks in RCBD portion is smaller than the sample size
in the CRD portion. Results are given in Table 5.82 through Table 5.93 for three treatments (k =
3). Table 5.94 through Table 5.105 give the results for four treatments (k = 4). Table 5.106 through
Table 5.117 give the results for five treatments (k = 5).

5.2.1. Portion of the RCBD is larger than the CRD
Here, we discuss the results of the simulation study when the proportion of the number of

blocks in the RCBD portion is larger than the sample size in the CRD portion. In terms of the level
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of significance (a), all the proposed methods maintain their type-I error. The estimated type-I are
close to 0.05 which is the desired level of significance. This holds for k = 3, 4 and 5 regardless of
the underlying distribution.

For k = 3, when the arrangements of location parameters follow the pattern that the first
two parameters are equal and the third one is different and there is not equal distance among the
parameters such as (0, 0, 0.5) and (0, 0, 1), the proposed methods T+ and Tg have higher estimated
powers compared with the others including the tests proposed Magel et al. (2009). An exception
occurs when there are equal spaces among parameters such as (0.5, 0.5, 1). In this case, only T7
has higher powers than others and Tg only has higher estimated powers than the proposed methods
T2, Ta,and Te.

Yet, a special case arises with equal spaces when the proportion of the sample sizes in the
CRD portion is one-eighth the number of blocks in the RCBD portion (i.e. Block =32, n = 4). In
that case, both T7 and Tg have higher estimated powers than all the proposed methods. This special
case can be seen in Tables (5.7-5.9).Moreover, when the arrangements of location parameters
follow the pattern that all the parameters are different and a large jump between the last two
parameters is presents such as (0, 0.1, 0.8), T7 has higher estimated powers than the other method
including the tests proposed Magel et al. (2009). When the arrangements of location parameters
follow the pattern that the last two parameters are equal such as (0, 0.5, 0.5) and (0.5, 1, 1), the
proposed method Ti, Tz, and Ts have approximately the same estimated powers as the tests
proposed by Magel et al. (2009). However, the proposed methods T and Tg have the smallest
estimated powers among the other proposed methods under that pattern. In general, T1, T3, Ts and

Tz have higher powers than T2, T4, and Te under k = 3.
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For k = 4, when the arrangements of location parameters follow the pattern of equal
distance among the parameters such as (0, 0.1, 0.2, 0.3), cases where the arrangements of location
parameters follow the pattern that the first two parameters are equal and the last two are equal
such as (0.25, 0.25, 0.5, 0.5), and cases where the first two parameters are not equal while the last
two parameters are equal such as (0, 0.125, 0.25, 0.25), the proposed methods T1, T3 Ts generally
have larger estimated powers than C> and powers similar to C;. However, when the proportion of
the number of blocks in the RCBD portion is one-eighth the sample size in the CRD portion (i.e.
Block = 40, n = 5), C; has larger estimated powers than other methods (see Tables 5.28-5.30 and
Tables 5.34-5.36). Recall, C1and C, denote the tests proposed by Magel et al. (2009).

Furthermore, when the arrangements of location parameters follow the pattern that first
two parameters are equal and the last two parameters are different such as (0, 0, 0.05, 0.3) and (0,
0, 0.1, 0.6), the estimated powers of the proposed methods Tz and Tg are mostly larger than the
estimated powers of the other methods including C; and C,. Cases where the arrangements of
location parameters following the pattern that distance between the first two parameter is equal to
the distance between the last two parameters such as (0, 0.5, 0.5, 1), the estimated powers of T,
Ts,and Ts are generally comparable to C;and C2. However, in few cases Cz has higher estimated
powers than the rest of proposed method. Lastly, cases where the arrangements of location
parameters follow the pattern that the distance between the fourth and third parameters is twice as
large as the distance between the third and the second, while the distance between the third and
the second is twice as large as the distance between the second and the first such as (0, 0.1, 0.3,
0.7). Under these cases, Tz mostly has higher powers than the proposed methods.

For k = 5, when the arrangements of location parameters follow the pattern of equal

distance among the parameters such as (0.05, 0.15, 0.25, 0.35, 0.45), the estimated powers for Ty,
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Ts,and Tsare similar to the estimated power of Ciand C>. An exception to this occurs when the
proportion of the number of blocks in the RCBD portion is one-eighth the sample size in the CRD
portion. In this case, C has higher estimated powers compare to all the proposed methods (see
Tables 5.49-5.51 and Tables 5.55-5.57). Other cases are when the arrangements of location
parameters follow the pattern that the distance among parameters doubles each time such as (0.05,
0.15, 0.25, 0.35, 0.45), and also when the arrangements of location parameters follow the pattern
that all the parameters are the same except the last parameter such as (0, 0, 0, 0, 0. 5), we found
that the proposed method T7 has the highest estimated powers among all the proposed methods
including Cz1and Co.

Further, regardless of the distance between the last two parameters, when the arrangements
of location parameters follow the pattern all the parameters are the same except the last two
parameters such as (0, 0, 0, 0.25, 0.5) and (0, 0, 0, 0.2, 0.7), the proposed method T7 has powers
much larger than the other proposed methods. However, when the location parameters following
the pattern that the first three parameters are the same and the last two parameters are equal such
as (0, 0, 0, 0.35, 0.35), the proposed method T has larger estimated powers compared to others
except in these two situations: 1) when Block = 32, n = 4; under this situation, C; has higher
estimated powers than T (see Tables 5.49-5.51); 2) when Block = 40, n = 5; the estimated powers
of Tzand Cz are comparable (see Tables 5.55-5.57). Lastly, when the location parameters follow
the pattern that the first three parameters are different and the last two parameters are the same
suchas (0, 0.1, 0.3, 0.4, 0.4), Ty, T3, in some cases, Tshave powers similar to C1and Counless when

the proportion is one-eighth. In this case, C. has higher estimated powers.
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Table 5.1. Percentage of Rejection for k = 3; Normal Distribution: Block =16 and n =4

Method
Case* Cy C2 T1 T2 T3 Ty Ts Te T7 Ts
1 4.88 4,98 474 5.16 4.64 4.28 458 4.42 4.74 4.36
2 3652 3558 3540 3144 36.30 28.88 3594 29.18 41.28 33.70
3 36.32 3568 3514 3230 36.34 30.26 3588 30.10 27.48  23.18
4 31.92 30.96 32.68 29.72 33.40 27.88 32.84 27.70 32.14 26.18
5 3710 36.14 36.04 3260 3656 30.70 36.84 30.88 33.76 27.90
6 8092 7896 80.74 73.96 81.90 72.04 81.38 72.60 88.84  80.40
7 80.86 78.92 80.84 73.42 81.64 71.58 81.08 71.74 66.56 56.16
8 81.86 80.32 82.52 75.52 82.92 73.28 82.60 73.22 80.62 70.96
9 36.52 35.58 35.20 31.78 35.72 29.78 35.76 30.20 41.70 34.44
10 36.22 3568 36.38 33.00 37.32 30.84 36.82 30.62 29.34  23.98
11 74.12 72.38 75.52 68.00 76.28 65.88 75.78 65.94 75.36 64.90
12 46.30 44.92 45.98 4094  46.36 38.30 45.84 38.48 47.60 38.78
13 36,88 3594 36.12 3334 36.18 30.56 36.00 30.20 35.32 29.52
14 46.12 4496 4558 40.74 46.30 38.46 4596 38.36 4398 36.38
15 65.68 63.34 65.24 58.28 66.22 56.38 66.00 56.74 71.64 61.24

* Cases of the location parameter arrangements are given on page 38

Table 5.2. Percentage of Rejection for k = 3; Exponential Distribution: Block = 16 and n = 4

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 4,78 5.02 5.24 5.32 5.08 452 4,98 4.52 5.28 4.56
2 58.70 57.26 58.42 5184 59.54 49.86 5898 50.20 68.70 57.48
3 58.92 56.88 58.46 5254 5952 50.00 59.16 50.28 4590 37.02
4 55.92 53.44 54,80 49.16 54.68 46.00 53.60 45.70 54.28 44.58
5 6254 6054 6256 5580 6250 5228 61.06 51.88 58.14 49.04
6 95.04 9398 94.08 89.34 9444 88.18 94.04 87.90 98.24 94.28
7 9252 9112 92.00 86.70 93.26 86.56 9350 87.44 8242 73.16
8 96.62 9556 96.36 9280 96.10 90.40 9530 89.02 9582 90.62
9 58.70 57.26 57.74 50.34 58.32 48.12 58.02 48.76 67.98 56.38
10 58.92 56.88 57.36 51.74 58.98 49.44 58.40 49.26 45.06 37.42
11 94.02 92.86 93.98 89.62 93.66 87.26 92.80 85.54 93.88 87.80
12 73.70 71.64 74.92 68.18 74.28 64.90 72.46 63.74 76.98 67.10
13 62.92 60.80 62.98 56.02 62.70 53.16 60.78 52.08 60.60 50.32
14 73.40 72.16 74.52 66.76 73.66 63.34 72.06 62.14 72.08 61.56
15 88.28 86.94 87.32 80.76 86.92 78.36 85.96 77.96 92.00 84.52

* Cases of the location parameter arrangements are given on page 38
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Table 5.3. Percentage of Rejection for k = 3; T-Distribution: Block =16 and n =4

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 4.92 5.04 4.82 5.28 4.76 4.64 4.78 4.84 5.16 4.62
2 27.38 26.68 2730 2436 2752 2218 2738 2274 3192 25.96
3 27.00 26.14 2744 2474 28.02 2278 2770 2318 2176 18.14
4 2408 2358 2450 2322 2528 20.84 25.00 20.84 2446 20.72
5 27.10 2646 2658 2450 2742 2280 27.06 2294 2538 21.20
6 64.20 6232 6522 5850 66.44 56.66 66.52 57.10 73.98 63.84
7 64.34 6224 6330 56.84 64.00 54.36 6354 54.66 4990 41.34
8 65.32 6354 6596 58.78 66.36 55.68 66.00 55.88 64.00 53.06
9 27.38 26.68 27.64 2562 27.90 23.84 28.04 2372 3250 26.42
10 27.00 26.14 26.68 2436 27.04 2240 2716 2272 2180 17.94
11 58.48 56.40 59.08 5222 59.68 49.58 58.48 49.66 58.36 48.70
12 3476 3392 3516 3214 3592 30.02 3556 30.34 36.30 30.20
13 2710 2644 2762 2536 2812 2326 2792 2364 2716 2252
14 3478 3386 3422 3098 3422 2856 3394 29.06 33.02 27.36
15 49.70 48.16 49.72 4444 50.04 4246 49.70 4254 5468  46.30
* Cases of the location parameter arrangements are given on page 38
Table 5.4. Percentage of Rejection for k = 3; Normal Distribution: Block =16 and n =8
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 5.76 5.58 4.90 5.48 4.84 5.12 4.74 5.00 4.72 4.80
2 4470 3498 4396 31.80 4486 3154 4400 31.36 50.10 35.70
3 4558 3518 4372 31.26 4488 31.28 4434 3134 3468 24.30
4 39.78 3114 38.02 2796 3878 2776 3780 27.72 3750 27.06
5 4574 3498 43.62 3122 4474 30.74 4430 3040 4096 27.90
6 91.02 78.70 89.58 73.28 90.62 73.68 90.42 73.74 9498 81.06
7 90.60 78.64 89.80 7352 91.04 7362 90.86 7358 77.58 58.52
8 91.32 80.18 90.92 75.06 9152 7492 9106 7454 89.48 72.78
9 4470 3498 4410 3212 4528 3166 4466 3152 51.68 36.62
10 4558 3518 4330 30.32 4498 30.20 4432 3012 3410 2290
11 85.82 7266 8442 6758 8578 6760 8500 67.06 8458 66.00
12 5744 4460 5728 41.00 5896 40.76 58.10 40.34 59.12 40.84
13 4582 3540 4442 3264 4514 3230 4426 32.00 43.12 31.46
14 5744 4448 5510 3950 55.88 39.28 5516 39.24 5248 36.38
15 77.08 63.00 7658 57.20 7772 5756 7680 57.34 8224 62.84

* Cases of the location parameter arrangements are given on page 38
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Table 5.5. Percentage of Rejection for k = 3; Exponential Distribution: Block = 16 and n =8

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 5.32 5.16 4.98 5.06 5.22 4.72 5.32 4.86 4.74 5.04
2 71.84 5526 69.82 5098 7158 51.64 71.18 52.00 79.24 58.54
3 69.52 5512 6744 5182 69.74 52.04 69.40 52.10 5440 39.80
4 67.20 52.66 66.48 49.62 66.44 4854 65.16 47.62 6530 47.04
5 73.80 5890 7286 5540 73.06 54.22 7144 5298 68.92 49.70
6 98.68 92.72 98.46 89.64 98.66 89.48 98.38 89.10 99.62 95.18
7 9746 89.46 97.12 87.60 97.76 88.64 9796 88.86 9140 75.30
8 99.10 95.04 98.90 9236 98.78 91.20 98.42 89.86 98.78 91.22
9 71.84 5526 71.00 53.08 72.00 53.04 7148 52.70 80.26 60.66
10 69.52 5512 69.12 5164 7092 5182 7054 5168 56.36 39.50
11 98.04 9180 97.74 88.04 97.66 86.80 96.86 8552 98.30 87.66
12 8442 7032 8414 6620 8398 64.80 82.62 63.46 8560 67.24
13 7434 5930 7286 5590 7296 5394 71.36 53.12 7144 52.52
14 8434 7040 8422 66.26 84.64 6514 83.26 64.10 82.66 63.50
15 9520 8514 95,60 8158 9552 80.82 9470 80.20 97.88 86.94
* Cases of the location parameter arrangements are given on page 38
Table 5.6. Percentage of Rejection for k = 3; T-Distribution: Block =16 and n =8
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 5.00 4.76 4.60 4.70 4.68 4.50 4.64 4.58 5.12 4.64
2 3340 2580 34.18 2536 35.04 25.06 3446 2494 39.26 27.98
3 33.72 26.08 33.70 25.04 3498 2492 3440 2498 26.60 19.32
4 29.62 2316 28.04 2052 29.02 20.34 2846 20.28 28.12 19.76
5 33.94 2624 3374 2520 3428 2488 33.72 2446 3152 22.16
6 77.30 62.00 7478 5576 76.38 56.06 76.10 56.44 83.60 64.20
7 7720 61.72 7480 56.18 76.62 56.52 75.78 56.60 60.88 43.42
8 7824 64.00 7724 5816 7828 57.68 7740 57.24 75.62 55.20
9 3340 2580 3194 2312 3268 2278 3206 2276 37.24 25.72
10 33.72 26.08 33.00 2442 3354 2394 3332 2372 2594 19.52
11 70.62 56.20 70.16 5242 71.28 5192 70.38 51.62 69.00 50.48
12 4294 3348 42772 30.00 43.72 2984 4286 29.72 4394 29.98
13 3412 2616 3356 2500 3482 2470 33.76 2438 3242 23.64
14 43.02 3372 4100 30.60 4194 3058 4168 30.16 39.82 28.70
15 61.24 4764 6096 4390 6192 4362 61.60 4342 66.66 47.96

* Cases of the location parameter arrangements are given on page 38
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Table 5.7. Percentage of Rejection for k = 3; Normal Distribution: Block =32 and n =4

Method
Case* Cy C2 T1 T2 T3 Ty Ts Te T7 Ts
1 4,48 4,42 4.66 4.64 4.96 4.84 5.00 4.80 4,78 5.06
2 3766 4266 4896 4502 50.58 46.10 50.30 47.46 57.36  53.40
3 50.70 51.98 48.80 44.62 49.78 4598 4940 4658 38.36 35.76
4 4434  45.38 43.34 39.50 43.92 40.06  43.46 40.78 42.98 40.14
5 51.10 5230 49.00 4456  49.58 4542  49.26 46.30 46.30 43.12
6 94.08 94.90 94.04 91.18 94.76 92.22 94.68 92.40 97.28 95.96
7 94.24 95.38 93.94 91.16 94.46 92.06 94.08 92.16 84.58 81.04
8 94.86 95.74 94.96 92.40 95.20 92.92 94.68 92.74 94.28 91.82
9 50.18 51.86 49.98 45.86 51.44 47.00 50.94 47.76 58.24 54.32
10 50.70 51.98 48.78 44.84 50.48 4584  49.92 46.92 38.46 35.62
11 9056 91.70 89.28 8554 90.08 86.24 89.62 86.30 89.32 85.98
12 63.54 65.06 6284 5820 64.26 58.80 63.32 59.44 64.96 60.88
13 50.80 52.36 48.48 44,74 49.82 45,18 49.46 45.86 47.76 4472
14 64.08 6550 62.12 5718 6286 57.66 6192 58.28 60.88 57.00
15 83.36 84.88 8258 78.96 83.84 79.82 83.46  80.00 88.20 84.98

* Cases of the location parameter arrangements are given on page 38

Table 5.8. Percentage of Rejection for k = 3; Exponential Distribution: Block = 32 and n = 4

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 4,16 414 4,94 4.84 4.96 4.84 5.02 5.24 5.14 5.36
2 76.98 7860 7584 71.08 77.32 72.08 7680 7222 8512 81.52
3 7440 76.36 7414 6988 7556 7134 7552 7206 61.82 58.22
4 7196 7366 7342 6846 73.76 68.70 72.38 6794 73.14 69.46
5 78.46 80.02 78.40 74.02 78.82 74.12 77.48 73.16 75.14 70.96
6 99.30 9952 9940 99.00 9950 98.88 99.38 98.76 9990 99.72
7 98.62 99.08 9832 9724 98.70 9784 98.90 98.04 9432 91.62
8 99.74 99.82 99.66 99.28 99.70 99.18 99.48 99.02 99.56 99.26
9 76.98 78.60  76.48 71.40 77.96 72.50 77.04 73.20 85.96 81.92
10 74.40 76.36 75.38 70.84 76.64 72.10 76.48 72.84 62.80 58.98
11 99.02 99.40 99.10 98.06 98.88 97.86 98.36 97.26 99.08 98.22
12 88.62 90.08 88.96 84.98 88.68 84.76 87.90 84.20 90.38 87.12
13 78.88 80.40 78.58 73.76 78.04 72.74 76.26 72.28 77.06 73.20
14 88.74 90.12 89.82 85.94 89.60 85.84 88.26 85.00 89.02 85.40
15 96.86 97.48 97.70 95.70 97.38 95.56 96.76 95.06 99.12 98.14

* Cases of the location parameter arrangements are given on page 38

49



Table 5.9. Percentage of Rejection for k = 3; T-Distribution: Block =32 andn =4

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 4.86 4.58 5.14 5.08 5.14 4.98 5.28 5.22 4.98 5.40
2 37.66 3846 3798 3436 39.06 3502 3852 3568 44.10 40.50
3 3764 3870 37.62 33.84 3888 3502 3790 3574 2862 27.20
4 33.06 3390 3264 30.16 3322 3088 3316 31.26 3296 31.14
5 37.86 3858 36.84 3390 3826 3502 3790 3568 3498 32.96
6 83.22 8484 8128 76.36 8258 7724 8180 77.82 8852 8520
7 83.24 8496 8248 7766 8314 7888 8252 79.20 69.46 65.30
8 84.18 8556 8298 7872 8360 7954 8278 79.36 8128 77.90
9 37.66 3846 38.28 34.84 3950 3574 39.38 36.60 45.08 41.86
10 3764 3870 3736 33.74 3884 3504 3828 3590 29.38 27.32
11 7766 79.34 7562 7058 76.34 7110 7514 7112 7496 70.78
12 4840 49.68 4752 4326 4850 43.86 47.68 45.06 49.58  46.00
13 3796 3880 3842 3516 3894 3532 3820 36.34 3772 3518
14 48.30 49.68 4794 4334 4844 4388 4750 4434 46.40 43.02
15 68.42 7022 67.82 6340 6940 64.86 68.74 6564 73.74 70.08
* Cases of the location parameter arrangements are given on page 38
Table 5.10. Percentage of Rejection for k = 3; Normal Distribution: Block =32 and n =8
Method
Case Cs C> T: T> T3 T4 Ts Te T7 Ts
1 4.74 4.64 5.00 4.74 4.88 4.60 4.60 4.68 5.06 4.82
2 57.02 4428 57.70 39.02 59.04 39.84 5832 39.88 66.42 45.22
3 57.28 4446 5742 3856 58.66 39.36 58.60 39.70 46.14 30.56
4 50.32 3896 4990 3358 5058 3394 50.26 3452 49.66 33.18
5 57.96 4486 57.06 3824 57.88 39.16 56.86 39.46 53.46 36.00
6 98.24 9154 9760 8434 9782 8514 97.76 8574 99.32 91.18
7 97.82 9122 97.74 8508 9780 8578 9758 86.26 91.30 70.94
8 98.22 9212 98.02 8494 98.00 8518 9796 8510 97.48 83.76
9 57.02 4428 56.46 3854 57.84 39.12 57.74 3942 6570 45.36
10 57.28 4446 5796 39.38 59.64 39.74 59.24 4044 46.28 30.80
11 9556 86.74 9544 79.64 9572 79.88 9544 80.16 9518 78.92
12 7144 5692 7112 5034 7212 5068 7130 50.82 7324 51.00
13 57.72 4482 56.86 37.74 5796 3834 5740 3836 56.20 36.68
14 71.66 56.86 71.36 48.80 7240 49.26 7174 4956 69.28 46.92
15 90.36 78.46 90.34 69.04 9112 69.88 90.56 70.28 93.98 76.26

* Cases of the location parameter arrangements are given on page 38
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Table 5.11. Percentage of Rejection for k = 3; Exponential Distribution: Block =32 and n =8

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 5.14 5.40 4.52 4.60 4.66 4.72 4.82 4.80 5.14 4.64
2 8542 7296 86.02 62.76 86.50 63.36 8570 63.72 9248 72.12
3 83.16 7040 83.92 63.06 8496 64.00 84.86 64.84 7278 50.16
4 81.24 6850 81.78 59.62 81.76 59.00 80.38 58.50 81.46  58.72
5 86.56 7458 87.18 65.88 87.46 65.20 86.20 64.78 85.00 61.70
6 99.90 98.64 99.84 96.16 99.86 96.10 99.80 96.08 100.00 98.82
7 99.66 97.34 99.64 93.82 99.80 94.82 99.84 9538 98.18 85.34
8 99.96 99.98 99.96 97.80 99.94 97.36 99.92 96.88 99.98 97.66
9 8542 7296 86.34 6352 86.66 64.42 86.32 64.50 93.02 73.52
10 83.16 7040 8232 6138 8394 6270 84.20 63.44 71.04 48.74
11 99.88 9794 9986 9582 99.80 9530 99.72 94.44 99.82 95.70
12 9424 8460 9414 7744 9408 76.60 93.24 7592 9526 79.22
13 86.78 7542 8746 6574 87.26 6544 86.66 6528 86.90 63.70
14 9424 8480 95.02 7848 9490 7754 94.02 76.64 9454 76.60
15 99.40 9542 99.34 91.04 99.20 90.44 98.84 89.96 99.76  94.76
* Cases of the location parameter arrangements are given on page 38
Table 5.12. Percentage of Rejection for k = 3; T-Distribution: Block =32 and n =8
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 5.34 5.58 4.88 5.28 4.88 5.26 4.84 5.32 5.20 5.28
2 4536 3538 4350 29.66 44.18 2998 4414 30.18 50.58 33.70
3 45.02 3514 4466 30.22 4526 3050 4484 30.88 3574 2452
4 39.62 3144 3814 2522 3924 2528 3894 2560 38.14 2492
5 4558 3580 4434 30.16 4512 30.30 4448 30.74 4138 27.80
6 89.58 77.90 90.06 69.42 90.30 70.34 90.22 70.70 94.66 77.30
7 89.82 7798 8848 66.78 89.46 68.02 89.58 6850 76.44 53.06
8 90.96 79.24 89.38 69.86 89.94 69.84 8954 69.68 8850 67.18
9 4536 35.38 4348 2950 4474 3026 4450 3054 50.60 33.76
10 45.02 3514 4330 2982 4456 3024 4458 30.62 3456 23.30
11 85.08 7234 8418 6240 8514 6268 8450 62.74 83.88 61.36
12 57.06 4416 56.04 3752 56.38 3788 5564 38.18 58.00 38.14
13 4526 3558 4432 29.68 4548 2984 4516 30.52 43.92 29.08
14 57.12 4452 5558 3752 5632 3740 5536 37.36 53.46  35.88
15 76.88 63.16 7594 5404 7722 5496 76.80 5538 8150 59.42

* Cases of the location parameter arrangements are given on page 38
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Table 5.13. Percentage of Rejection for k = 3; Normal Distribution: Block =40 andn =5

Method
Case* Cy C2 T1 T2 T3 Ty Ts Te T7 Ts
1 4.80 5.10 4.60 5.04 4.48 4.56 4.56 4.44 4.64 4,78
2 5784 58.08 56.92 5014 57.48 49.08 56.76 48.04 65.02 56.56
3 57.48 57.74 57.38 50.78 58.52 50.18 58.10 49.24 45,72 38.92
4 50.58 50.98 50.36 44.82 51.36 43.32 50.32 42.22 50.16 42.94
5 58.20 5840 5752 51.36 58.68 50.04 5796 48.92 54.22  46.62
6 97.48 97.48 97.40 94.50 97.72 94.18 97.76 93.86 99.14 97.34
7 97.56 97.52 96.64 93.04 97.16 93.14 97.10 92.66 89.94 82.84
8 97.68 97.56 97.32 94.16 97.56 93.98 97.22 93.54 96.92 92.74
9 57.84 58.08 57.50 50.42 58.44 49.90 57.62 48.76 65.42 56.78
10 57.48 57.74 57.26 50.20 59.04 49.32 58.48 48.88 45.42 38.40
11 95.14 95.04 9494 91.04 9528 90.34 9496 89.50 95.22 90.34
12 71.38 71.66 71.30 64.08 72.62 63.10 71.80 62.06 73.24 64.72
13 71.94 72.14 71.88 64.18 73.10 63.42 72.08 62.20 69.80 60.44
14 58.32 5850 58.80 51.66 59.92 50.62 59.08 49.96 57.18  49.00
15 90.30 90.14 89.68 8332 9054 82.76 89.92 82.28 93.36 87.56

* Cases of the location parameter arrangements are given on page 38

Table 5.14. Percentage of Rejection for k = 3; Exponential Distribution:

Block=40andn=5

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 4,72 5.10 490 5.48 4.82 5.00 5.04 4.86 4.86 4.98
2 86.50 86.48 84.48 77.00 8518 7598 84.28 7514 9240 84.92
3 83.84 8384 8166 7440 8292 7444 8268 7426 69.76 61.40
4 82.04 8214 8106 7390 8130 7216 79.98 7046 8138 71.80
5 87.30 8730 86.30 79.76 86.38 7830 84.92 76.60 8340 75.04
6 99,92 9986 99.82 99.18 99.82 99.08 99.74 98,92 99.98 99.84
7 99.54 9950 9956 98.24 99.72 9848 99.74 9860 97.86 94.26
8 99.92 9990 9998 9950 9996 99.32 99.88 9896 99.96 99.40
9 86.50 86.48 84.58 77.46 85.14 76.30 84.26 75.26 91.96 84.86
10 83.84 83.84 82.22 74.90 83.74 75.04 83.74 74.58 70.26 61.52
11 99.72 99.68 99.74 99.04 99.72 98.72 99.56 98.20 99.78 98.90
12 94.74 9470 93.84 89.16 93.92 87.76 93.06 86.38 94.98 89.82
13 87.58 87.46 86.62 80.12 86.82 78.94 86.12 77.24 85.86 77.66
14 94.60 94,52 94.20 89.80 94.08 88.56 93.14 87.18 93.74 88.34
15 99.20 99.00 99.20 97.54 99.22 97.18 98.86 96.50 99.86 98.92

* Cases of the location parameter arrangements are given on page 38
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Table 5.15. Percentage of Rejection for k = 3; T- Distribution: Block =40 and n=5

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 5.02 5.34 4.76 5.32 4.88 4.80 4.82 4.68 4.78 4.98
2 4510 4480 4264 3832 4378 3738 43,60 36.74 49.96 42.80
3 45.02 4546 43.18 38.68 4426 3752 4382 36.68 3480 29.46
4 39.56 39.98 3792 3420 3888 3288 3844 3254 3826 33.00
5 4562 4586 4492 3948 4564 38.18 4488 37.38 4186 3574
6 90.02 88.96 89.38 8352 90.20 8294 89.84 8212 9446 89.34
7 90.22 90.24 89.30 83.12 90.38 8256 89.74 8218 78.18 68.52
8 90.72 90.74 90.14 83.76 90.62 83.12 89.78 81.96 8852 80.48
9 4480 4510 4324 3842 4428 3742 4382 3724 50.70 42.96
10 45.02 4546 43.10 38.18 4424 3744 4378 36.84 3380 28.76
11 84.60 8458 8454 7816 8522 77.04 8466 76.22 8394 76.38
12 56.70 56.96 54.72 4852 5562 48.02 5494 46.90 56.78 48.80
13 4532 4578 4270 38.74 4392 3752 4332 3654 4180 36.42
14 56.96 57.26 5494 4826 5586 47.36 5548 47.04 5442 4576
15 76.32 7632 7598 6956 77.14 6838 76.68 67.24 8192 73.80
* Cases of the location parameter arrangements are given on page 38
Table 5.16. Percentage of Rejection for k = 3; Normal Distribution: Block = 40 and n = 10
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 4.98 4.96 5.40 5.16 5.28 5.14 5.22 5.08 5.20 5.04
2 65.92 4824 6520 4034 66.20 40.88 66.24 4144 7386 47.82
3 65.96 4856 6596 41.00 67.02 4150 66.52 41.70 53.14 32.38
4 58.20 42.06 57.68 3544 5822 3596 57.08 36.22 57.44 35.50
5 65.92 4852 65.38 4144 66.24 4168 6556 4216 61.20 38.54
6 99.50 9342 99.04 88.48 99.26 89.02 99.20 89.26 99.84 94.18
7 99.34 93.64 99.02 87.82 99.12 8854 99.24 88.90 9554 76.00
8 99.44 9416 99.30 89.22 99.36 8942 99.26 89.22 98.82 87.78
9 65.92 4824 66.04 4234 6692 4288 66.44 43.02 75.14 49.64
10 65.96 4856 66.16 4250 67.08 43.30 66.90 43.60 53.10 34.02
11 98.12 89.68 98.30 84.36 9844 8444 9838 8448 98.40 84.08
12 80.32 61.00 79.42 53.86 8040 54.04 80.04 5440 8144 55.66
13 66.08 48.32 65.16 42.08 66.28 4234 6552 4260 6450 4154
14 80.24 60.80 79.32 5256 80.32 5282 79.72 5330 7824 51.96
15 9530 81.98 9472 7328 9524 7358 9484 7380 96.92 79.42

* Cases of the location parameter arrangements are given on page 38
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Table 5.17. Percentage of Rejection for k = 3; Exponential Distribution: Block = 40 and n = 10

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 4.78 4.72 5.08 4.52 5.10 4.56 5.06 4.80 5.08 4.76
2 9268 76.60 91.24 6836 91.78 68.80 91.10 6894 96.34 77.20
3 90.60 74.64 89.16 66.12 90.34 67.00 90.50 67.48 79.30 53.86
4 88.90 7244 88.74 6324 8864 6236 8746 6170 88.32 63.30
5 9296 7856 93.04 7158 9286 70.78 9220 70.18 9146 67.90
6 100.00 99.10 100.00 98.00 99.98 97.94 99.98 97.64 100.00 99.58
7 99.88 98.34 99.90 9570 99.96 96.42 9996 96.74 99.26  89.06
8 100.00 99.42 100.00 98.74 99.98 98.36 99.98 97.92 100.00 98.48
9 92.68 76.60 91.62 68.02 92.06 68.22 91.70 68.86 96.60 78.04
10 90.60 74.64 89.88 66.92 91.02 67.82 9090 68.44 79.80 54.70
11 99.96 98.80 99.98 97.18 99.98 96.74 99.98 96.26 100.00 97.42
12 97.82 88.60 97.92 8284 97.76 82.04 9730 81.18 98.38 8454
13 9334 7894 9364 7220 9358 7158 9246 70.68 9286 70.78
14 97.66 88.26 97.60 8282 9756 81.88 97.04 8116 97.60 81.70
15 99.80 97.38 99.76 9386 99.76 93.40 99.70 93.20 99.96  96.90
* Cases of the location parameter arrangements are given on page 38
Table 5.18. Percentage of Rejection for k = 3; T-Distribution: Block = 40 and n =10
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 5.16 4.92 4.94 4.80 4.74 4.88 4.94 5.02 4.82 5.16
2 51.16 37.26 50.06 30.66 50.84 31.10 50.04 31.18 58.02 36.58
3 51.92 3716 48.10 30.86 4942 3090 4872 3122 37.76 24.70
4 4548 3344 4464 2788 4550 2822 4518 28.74 4426 27.50
5 5226 3748 5116 31.70 51.82 3206 51.16 3224 47.94 30.06
6 9494 8192 9454 7342 9512 73.88 95.08 73.80 98.00 82.46
7 9440 8188 9476 7298 95.04 73.88 9464 7406 8574 59.36
8 9536 8392 9548 7596 95.68 7582 9526 7556 94.66 73.66
9 51.16 3726 5060 3136 5148 3170 5162 3234 5850 36.74
10 5192 3716 5088 3184 5166 3198 51.18 3252 39.92 2498
11 9142 7652 9066 6852 90.98 68.28 90.56 68.12 90.72 67.98
12 64.44 4796 63.18 4054 64.08 4090 64.00 41.28 64.76 42.20
13 5226 3758 5066 3168 51.78 3164 51.20 3190 48.70 30.70
14 64.26 4752 6516 4196 66.08 4266 64.96 4290 63.50 41.06
15 8476 67.30 8388 5790 8496 5834 84.72 5870 88.68 64.52

* Cases of the location parameter arrangements are given on page 38
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Table 5.19. Percentage of Rejection for k = 3; Normal Distribution: Block = 40 and n = 20

Method
Case* Cy C2 T1 T2 T3 Ty Ts Te T7 Ts
1 5.30 5.20 4,70 4,98 4,72 478 478 4.84 5.04 5.04
2 77.42 53.26 77.14 50.72 77.88 50.74 77.46 50.72 84.90 58.42
3 77.26 53.22 77.22 51.02 78.00 51.06 77.48 51.16 62.66 39.32
4 70.16 46.46 69.70 44.22 70.40 44.08 70.32 43.96 68.98 43.38
5 77.44 53.74 77.36 50.50 78.04 50.54 77.50 50.80 73.48 46.60
6 9994 96.40 99.84 9504 99.90 9526 99.88 9540 100.00 98.20
7 99.32 96.30 9994 9484 99.96 9494 9998 9514 99.04 84.98
8 9994 96.76 99.98 9560 99.98 9558 99.98 95.56 99.96 94.54
9 77.42 53.26 76.54 50.22 77.44 50.14 77.02 50.52 84.76 58.22
10 7726 5322 77.20 50.12 77.84 50.00 77.38 49.98 63.08  38.38
11 99.60 93.04 9958 90.46 99.60 90.44 99.54 90.50 99.42  89.68
12 89.32 66.82 8792 63.76 88.28 63.60 87.86 63.46 89.18 64.42
13 77.38 53.88 77.22 51.74 77.86 51.64 77.12 51.60 75.82 49.26
14 89.16 66.84 8896 63.36 89.40 63.50 88.98 63.30 87.44  61.26
15 98.86 87.00 9856 8378 98.80 84.06 98.62 84.22 99.48 88.74

* Cases of the location parameter arrangements are given on page 38

Table 5.20. Percentage of Rejection for k = 3; Exponential Distribution:

Block =40 and n =20

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 4.70 474 4.86 4,94 4,72 4,98 4.62 5.00 4.80 4.80
2 97.16 8250 97.06 7896 97.12 78.74 96.72 7856 99.14 87.38
3 95.62 79.32 9536 75.84 96.12 76.66 96.30 77.16 88.72 63.54
4 9526 78.34 9510 75.10 95.02 73.94 9420 7296 95.02 74.84
5 97.08 8358 97.44 80.50 97.42 79.24 9696 7850 96.32 76.86
6 100.00 99.82 100.00 99.64 100.00 99.58 100.00 99.46 100.00 99.96
7 100.00 99.10 100.00 98.66 100.00 98.82 100.00 98.96 99.96 95.38
8 100.00 99.88 100.00 99.72 100.00 99.60 100.00 99.48 100.00 99.68
9 99.16 8250 97.06 78.80 97.16 78.70 96.90 78.08 99.16 86.26
10 95.62 79.32 95.30 75.64 95.88 76.52 96.00 17.22 88.20 63.62
11 100.00 99,52 100.00 99.32 100.00 99.06 100.00 98.96 100.00 99.20
12 99.50 92.56 99.46 90.30 99.34 89.48 99.22 88.56 99.64 91.54
13 97.38 84.22 97.50 81.90 97.28 80.88 96.58 79.80 97.28 79.78
14 99.48 92.16 99.58 89.46 99.56 88.36 99.32 87.56 99.48 88.58
15 100.00 98.60 100.00 98.04 100.00 97.94 100.00 97.44 100.00 99.38

* Cases of the location parameter arrangements are given on page 38
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Table 5.21. Percentage of Rejection for k = 3; T-Distribution: Block = 40 and n = 20

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 5.06 5.10 4.88 5.02 4.96 5.04 4.92 5.06 4.76 4.94
2 62.30 4156 61.18 3840 6206 38.76 62.28 38.98 70.24 44.66
3 61.72 4182 6098 3852 6140 3824 60.60 38.12 4852 29.20
4 55.04 38.86 5340 3330 53.74 3294 5314 3250 52.26 3222
5 62.72 42,00 6094 3950 6166 39.06 6126 39.14 57.08 36.30
6 98.48 86.62 98.12 84.24 9834 8448 9838 84.62 99.42 90.16
7 98.38 86.38 98.22 8332 9852 8334 9834 8318 92.88 68.90
8 9448 8758 98.76 84.78 98.88 84.64 9880 8430 98.30 82.38
9 62.30 4156 6142 38.02 6260 38.06 6200 38.02 69.80 44.00
10 61.72 4182 6124 3812 6154 38.08 6144 3826 48.44 29.36
11 96.26 81.30 96.80 77.72 97.02 7766 96.82 77.28 96.42 77.12
12 75.78 5240 7450 4826 7520 4796 7494 4790 76.78 49.20
13 62.34 42116 61.62 39.10 6206 39.18 62.02 39.12 60.10 37.02
14 7560 52.02 7558 50.52 7594 50.30 7586 50.18 74.08 48.84
15 92.18 7158 9296 6892 9320 6892 9266 68.94 9596 74.40
* Cases of the location parameter arrangements are given on page 38
Table 5.22. Percentage of Rejection for k = 4; Normal Distribution: Block = 16 and n =4
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 5.04 5.14 4.88 4.84 4.82 5.26 4.88 5.00 4.54 4.90
2 2036 21.16 2024 16.10 20.26 1760 20.32 17.24 1948 16.74
3 2040 2136 2152 1740 2184 1870 20.76 17.76 20.58 18.14
4 1746 1834 1798 1382 1834 1534 1796 1476 1486 13.18
5 3428 3564 3412 2770 3494 30.12 3530 29.94 4260 36.52
6 3594 3788 36,58 2930 37.74 3198 3752 3112 38.00 32.64
7 4250 4422 4296 3480 4392 3722 43.02 3578 3474 30.16
8 80.66 82.16 80.12 69.38 8152 7184 8142 7156 7554 65.54
9 8298 8446 8316 7258 8372 7448 8238 7284 8516 76.00
10 2040 2136 20.12 16.78 2052 1862 1986 17.64 19.60 17.70
11 61.40 63.08 60.40 50.68 6182 5330 61.20 52.16 63.86 54.92
12 2416 2518 2460 19.78 2462 2180 2428 20.98 2548 22.40
13 36.14 3750 3572 2984 36.28 3180 3652 3116 37.16 3192
14 19.26 20.34 2046 1690 21.04 1854 2080 1796 2354 20.76
15 4728 4876 46.36 38.00 47.26 40.32 4738 40.02 55.66 47.74

* Cases of the location parameter arrangements are given on page 38
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Table 5.23. Percentage of Rejection for k = 4; Exponential Distribution: Block =16 and n =4

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 5.28 5.48 4.78 4.50 4.64 4.98 4.70 4.64 4.82 4.72
2 40.18 4066 3892 3178 3870 33.20 38.10 32.06 36.38 30.50
3 38.90 4056 3796 31.18 3854 3402 3736 3220 36.10 31.50
4 33.22 3462 3324 27.04 3338 2944 3250 28.02 2690 23.40
5 5750 59.40 5448 43.78 55.78 47.28 56.38 4754 68.90 58.82
6 6432 66.20 6528 5432 6490 56.06 6348 53.60 67.54 58.44
7 71.00 7258 69.72 59.42 7022 6132 68.72 59.06 58.66 50.74
8 96.02 96.70 96.38 90.94 96.18 91.02 9590 90.18 95.64 90.16
9 9756 97.92 97.28 9294 96.78 92.62 96.10 90.58 98.30 94.76
10 38.90 4056 37.64 31.22 38.68 33.18 3722 3142 3648 31.50
11 87.94 8940 8782 7836 8758 7892 8592 77.08 90.94 83.70
12 46.26  48.22 4342 36.10 4420 37.64 4404 36.78 46.62 39.34
13 63.94 6544 6320 5190 63.06 53.64 6260 52.72 63.74 54.46
14 3538 36.98 34.04 26.76 3454 2950 3480 29.10 39.92 33.36
15 75.04 7658 7478 63.10 75.02 6498 7452 63.74 8480 75.18
* Cases of the location parameter arrangements are given on page 38
Table 5.24. Percentage of Rejection for k = 4; T-Distribution: Block = 16 and n = 4
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 4.94 4.98 4.94 4.60 4.98 5.20 4.56 4.84 4.66 5.12
2 16.72 1762 16.16 1416 1642 1514 1648 1470 1512 14.08
3 16.94 1764 16.62 1424 1718 1546 16.88 1492 16.08 14.48
4 1488 15,60 1522 1250 1464 13.82 1470 1322 1270 12.08
5 26.76  28.24 2758 2256 28.04 2444 2792 2410 3382 29.60
6 28.62 29.84 2796 2258 2816 2464 2764 23.60 28.66 24.90
7 33.04 3458 3314 2672 33.66 2840 3278 27.62 2694 23.58
8 66.82 68.42 6196 5142 6328 53.80 64.16 53.34 58.32 50.16
9 69.70 7144 6630 5534 6720 5832 6658 5720 68.40 59.50
10 1694 1764 1656 13.84 16.92 1488 16.60 14.02 16.22 14.28
11 4744 4958 4642 38.68 47.72 4112 4718 39.90 4952 4250
12 1936 2044 1930 1660 1980 18.16 19.18 1744 20.28 18.24
13 2846 29.82 2760 2286 2826 2478 2816 2388 28.76 24.98
14 1584 16.76 16.26 13.80 16.66 14.88 16.66 14.54 1842 16.58
15 37.30 3892 3594 2898 3626 3082 3616 30.18 4258 3594

* Cases of the location parameter arrangements are given on page 38
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Table 5.25. Percentage of Rejection for k = 4; Normal Distribution: Block =16 and n =8

Method
Case* Cy C2 T1 T2 T3 Ty Ts Te T7 Ts
1 5.22 5.14 5.02 4,82 5.16 4.56 5.08 454 5.14 4.82
2 25.26 21.64 25.06 18.84 25.36 18.64 25.56 18.60 23.42 16.74
3 25.24 21.56 24.04 18.90 24.48 18.76 23.40 18.10 23.44 17.66
4 21.86 18.80 20.68 15.66 21.02 15.52 20.52 15.38 17.58 13.36
5 42.12 34.68 39.94 29.02 41.02 29.04 42.10 29.84 51.28 36.38
6 44.58 37.02 45.06 31.60 45.46 31.34 44.64 31.20 46.52 32.08
7 51.82 43.40 50.76 36.82 51.46 36.84 50.62 36.10 40.78 29.00
8 89.10 80.74 88.88 71.38 89.46 71.10 90.12 71.66 84.94 65.34
9 90.94 82.92 90.64 73.58 91.28 73.30 90.64 72.58 92.28 75.64
10 25.24 21.56 25.36 18.08 25.88 17.74 24.78 17.38 24.28 17.24
11 72.26 60.58 72.98 53.24 73.84 53.12 73.34 53.18 76.22 56.44
12 29.86 25.44 28.22 20.88 28.60 20.52 28.52 20.48 29.84 21.68
13 44.38 37.18 43.70 31.42 44.44 31.32 44.68 31.42 44.56 31.72
14 23.78 20.34 22.22 16.66 22.60 16.40 22.62 16.62 25.98 18.62
15 56.72 47.54 57.46 40.04 58.66 39.40 58.62 39.90 67.20 47.48

* Cases of the location parameter arrangements are given on page 38

Table 5.26. Percentage of Rejection for k = 4; Exponential Distribution:

Block=16and n=38

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 5.46 4,96 5.16 5.00 490 5.20 4,92 5.20 5.32 5.04
2 4744  38.36 47.48 33.08 47.68 3220 4698 3150 4356 29.48
3 4722 3730 46.02 3284 46.80 3292 4520 31.78 44.64 30.54
4 40.18 32.42 38.08 28.38 38.42 27.84 3780 27.12 3144 22.04
5 67.54 56.12 6710 4706 6794 4730 68.32 4838 8180 60.38
6 7488 64.76 7470 56.10 74.08 5468 7250 53.62 76.68 56.02
7 80.66 7160 80.90 6294 8168 6222 80.22 6138 69.94 50.62
8 98.84 96.24 99.26 9152 99.04 90.62 98.94 90.32 99.08 90.26
9 99.42 97.64  99.26 92.86 99.22 91.60 98.88 90.44 99.50 94.22
10 47.22 37.30 45.40 3156 46.32 31.36 44.72 30.04 43.46 29.76
11 94.54 88.52 94.58 80.88 94.14 78.64 93.10 77.42 96.24 83.78
12 55.40  44.96 54.88 37.90 54.28 37.00 52.92 36.88 57.38 38.74
13 74.84 64.26 75.14 54.28 74.22 53.08 73.18 52.46 76.14 54.54
14 42.26 33.54 40.54 28.58  40.88 28.38  40.52 28.48 48.24  33.06
15 85.60 75.74  84.86 64.40 84.42 63.60 84.10 63.70 92.66 74.76

* Cases of the location parameter arrangements are given on page 38
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Table 5.27. Percentage of Rejection for k = 4; T-Distribution: Block =16 and n =8

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 5.64 5.76 4.56 4.94 4.64 4.96 4.84 4.94 4.90 4.78
2 21.30 18.72 2056 1590 20.24 1542 1982 1536 19.64 14.40
3 21.12 1840 20.18 1546 20.28 1526 19.58 1488 19.66 14.96
4 18.88 1576 16.62 13.18 17.02 13.04 17.02 1288 13.80 11.80
5 3480 2842 3040 2220 31.04 2180 3120 2242 3840 26.58
6 36.44 29.72 3376 2414 3392 2430 3320 2386 3548 24.98
7 4196 3408 3836 2770 39.18 27.08 3840 26.76 30.80 22.20
8 7794 67.00 7546 56.88 76.20 56.28 76.64 57.16 7090 52.12
9 80.04 70.32 78.00 58.06 7846 5750 7794 56.82 79.82 59.52
10 2112 1840 1890 1510 19.38 1476 18.70 1448 1810 1424
11 5854 48,90 56.10 39.88 56.16 39.58 5598 39.50 58.88 41.24
12 25.08 21.32 2266 17.76 2264 16.86 2280 16.92 2354 17.36
13 36.62 29.90 3342 2480 3396 2482 3426 2484 3374 24.36
14 20.00 1756 18.62 14.44 1890 1428 19.04 1426 2164 16.18
15 4728 3828 4418 30.84 4454 3056 4496 31.02 5234 3598
* Cases of the location parameter arrangements are given on page 38
Table 5.28. Percentage of Rejection for k = 4; Normal Distribution: Block =32 and n =4
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 5.24 4.84 4.72 4.56 4.68 4.72 4.64 4.76 4.84 4.88
2 29.18 30.64 2890 26.44 29.08 26.58 29.06 26.40 27.36 25.00
3 28.02 30.06 27.64 25.68 28.82 26.38 2766 2570 26.84 24.58
4 2356 2512 2330 2158 2416 2210 2338 2224 1952 18.00
5 4726 5144 47.64 4278 4958 4420 50.10 4514 60.22 54.50
6 49.86 5442 48.66 44.16 49.88 4514 4924 4486 50.86 45.70
7 5948 63.78 58.88 53.28 59.56 54.18 59.00 53.68 47.96 43.28
8 9350 95.68 93.18 90.02 9390 90.66 9420 9132 9120 87.22
9 9456 96.72 94.68 91.82 9552 9242 9512 9206 9582 93.32
10 29.42 3050 2798 2524 2936 2642 2828 26.28 28.02 25.84
11 78.72 8286 7830 7282 7956 7382 7930 7384 8184 76.58
12 3488 37.02 3342 3022 3448 3080 3426 3126 36.04 32.48
13 51.32 5532 4948 4518 50.84 46.22 50.64 46.48 50.92 45.98
14 27.26 2848 2638 23.80 26.68 2420 2646 2438 30.30 27.60
15 6442 6898 64.04 5850 65.26 59.66 6556 60.42 74.08 68.58

* Cases of the location parameter arrangements are given on page 38
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Table 5.29. Percentage of Rejection for k = 4; Exponential Distribution: Block = 32 and n = 4

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 5.06 4.96 4.86 4.78 5.24 5.02 5.34 5.16 5.04 4.96
2 52.08 56.52 5240 47.78 52.62 47.62 51.74 47.10 4934 4464
3 51.98 55.60 5146 47.06 5218 47.76 50.40 46.28 49.48 4512
4 4408 47.84 4494 41.04 4588 4130 4462 4094 36.98 33.54
5 7522 79.72 7528 6948 76.06 70.84 76.26 70.90 88.12 83.68
6 81.98 86.14 8194 7740 8156 77.06 80.20 7546 83.86 79.40
7 86.80 90.48 86.38 81.88 86.96 82.02 8584 8144 7730 72.36
8 99.54 99.80 99.56 99.10 99.48 98.88 99.50 98.78 99.40 98.68
9 99.74 99.94 99.80 9946 99.82 99.42 99.52 99.12 99.90 99.72
10 51.98 55.60 52.74 4830 53.90 49.10 51.80 47.28 51.76 47.12
11 9748 98.46 97.28 9544 97.08 9474 96.28 93.80 98.52  97.08
12 61.72 66.00 60.96 5550 61.34 55.86 60.18 55.52 6452 59.22
13 81.30 8548 8194 7654 8142 7572 80.34 7534 8324 77.92
14 4790 51.62 46.90 4298 4790 43.28 4722 4346 56.32 51.02
15 90.42 9312 89.64 8566 89.30 8522 88.74 8498 9572 93.14
* Cases of the location parameter arrangements are given on page 38
Table 5.30. Percentage of Rejection for k = 4; T-Distribution: Block =32 and n =4
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 5.44 4.88 4.84 4.64 4.78 4.64 4.84 5.10 5.08 5.00
2 23.06 2414 2066 19.08 21.22 1952 2098 19.78 19.68 18.62
3 22.84 2348 2210 2014 2222 2042 2168 20.06 21.00 19.12
4 19.64 2052 1848 1716 19.08 17.74 19.06 18.02 1594 14.74
5 37.90 4054 3570 3244 3656 3332 36.94 3420 4530 41.10
6 39.44 4228 3890 3466 3950 3516 3890 3520 40.54 36.42
7 46.70 49.86 4452 40.20 4590 4122 4494 4096 3598 32.64
8 83.36 87.44 80.76 76.00 8158 76.72 8234 7710 7746 71.98
9 85.00 8890 8370 79.22 8502 79.78 84.00 79.04 8548 81.28
10 2284 2348 2140 19.76 2192 2022 2128 19.76 2140 19.60
11 65.24 69.82 6280 57.74 64.46 58.62 63.72 5850 66.82 61.56
12 2696 2840 2590 2346 26.26 23.84 26.38 2448 27.04 24.86
13 39.70 4234 38.04 3420 3854 3488 3838 3514 3874 3512
14 21.34 2228 2012 1860 20.52 1894 2090 1948 23.72 21.82
15 5146 5482 49.76 4498 5090 4588 51.10 46.32 59.06 54.08

* Cases of the location parameter arrangements are given on page 38
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Table 5.31. Percentage of Rejection for k = 4; Normal Distribution: Block =32 and n =8

Method
Case* Cy C2 T1 T2 T3 Ty Ts Te T7 Ts
1 4,78 5.32 4,78 4.84 4.96 4.76 4.86 4.80 5.00 4.86
2 33.84 28.40 33.04 22.24 33.48 21.92 33.40 22.04 31.24 20.68
3 33.58 28.18 32.64 22.22 33.26 22.02 32.42 21.58 31.88 21.08
4 28.84 24.18 27.42 19.10 27.74 18.80 27.20 18.92 22.54 15.86
5 5548 47.06 55.30 36.56 56.02 36.16 56.76  37.06 68.00 45.72
6 59.14 49.76 5698 3756 5796 37.16 57.12 37.02 59.34  38.16
7 67.10 58.12 66.34  46.20 67.16 45,58 66.04 45,52 55.18 36.58
8 97.14 93.06 96.54 8224 96.72 82.02 96.90 83.02 95.26 77.86
9 97.80 94.56 97.56 85.14 97.80 85.04 97.66 84.82 98.12 86.34
10 33.58 28.18 33.02 22.44 33.72 22.26 32.10 21.58 31.70 21.60
11 8556 7740 86.48 64.66 87.32 64.28 86.98 64.06 89.26 67.12
12 40.08 33.68 40.08 26.92 41.12 26.38  40.64 26.74 42.32 27.36
13 59.00 50.32 57.70 3880 59.40 38.68 59.72 39.22 58.60  39.26
14 31.28 26.88 30.36 21.24 30.48 20.60 30.12 21.04 35.98 24.52
15 72.80 63.10 73.06 50.54 74.26 50.16 74.26 50.64 83.18 58.68

* Cases of the location parameter arrangements are given on page 38

Table 5.32. Percentage of Rejection for k = 4; Exponential Distribution:

Block=32andn=8

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 4.84 5.40 4.70 4.84 4.80 4.62 4.70 4.60 4.66 4.88
2 62.06 53.32 6210 4180 61.88 40.78 60.74 4082 57.74 37.72
3 60.66 5258 60.02 40.26 61.34 40.20 59.14 39.22 59.16 38.26
4 52.14 4502 50.82 3432 5148 33.72 50.28 3330 4184 27.34
5 84.74 7594 8272 5942 8318 5948 83.76 6092 9422 73.58
6 89.44 8256 89.02 6824 88.80 66.84 87.18 6548 90.92 69.34
7 93.10 87.02 9166 73.34 9218 7288 91.28 7212 8484 61.76
8 99.94 9948 9996 9680 99.96 96.28 99.92 9588 99.94 96.08
9 99.96 99.78 99.96 97.92 99.92 97.28 99.90 96.58 99.98 98.64
10 60.66 52.58 58.94  40.10 60.34 39.74 58.68 38.96 56.64  37.62
11 99.24 97.12 99.28 90.24 99.20 88.72 98.72 87.56 99.70 92.54
12 71.38 62.38 71.10 49.12 70.86 48.40 69.54 47.74 74.58 50.70
13 89.02 81.92 89.18 67.24 88.66 65.58 87.82 65.54 90.64 67.30
14 56.68 47.88 55.88 36.42 56.40 36.14 56.18 36.78 65.72 43.02
15 95.78 91.30 95.18 77.98 95.30 76.44 94.70 76.48 98.84 87.00

* Cases of the location parameter arrangements are given on page 38

61



Table 5.33. Percentage of Rejection for k = 4; T-Distribution: Block =32 and n =8

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 4.76 5.10 4.96 4.78 4.92 4.72 4.82 4.80 4.48 4.88
2 2570 2214 2460 1768 2522 1734 2512 17.72 23.06 16.56
3 25.64 2194 2558 17.88 26.20 17.68 2534 17.76 2462 17.30
4 2166 19.02 2162 16.16 2188 1596 21.30 16.02 18.38 13.60
5 43.60 36.22 43.10 28.30 4382 27.76 44.08 28.64 5408 34.46
6 45,76 3830 43.82 30.38 4538 30.60 45.06 30.38 46.04 30.66
7 5430 4526 50.58 3394 5144 3418 50.14 3344 40.88 27.26
8 90.76 83.10 88.88 68.08 89.68 6760 89.86 68.42 8528 63.44
9 92.08 8485 90.66 69.56 91.16 69.60 90.34 68.92 92.36 71.48
10 25.64 2194 2482 1820 2522 18.06 2464 18.04 2410 17.30
11 7414 6490 70.56 4898 72.02 4856 7160 48.84 7420 51.24
12 3046 2614 2996 2096 30.72 20.70 30.52 20.94 3206 2224
13 4592 3822 4436 30.10 4488 30.20 4518 30.68 4462 30.08
14 23.82 2074 2334 1710 2374 16,76 2390 1710 27.18 1852
15 59.88 49.96 56.62 38.14 5746 3724 5768 38.06 66.34 4422
* Cases of the location parameter arrangements are given on page 38
Table 5.34. Percentage of Rejection for k = 4; Normal Distribution: Block =40 andn =5
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 4.48 4.38 4.90 5.00 4.80 4.68 4.58 4.60 5.16 4.88
2 3284 3530 3164 2770 33.08 2764 3262 2812 3050 26.02
3 32.64 3512 3314 2842 3344 2778 3218 27.06 32.00 26.50
4 27.62 2910 27.26 2340 2786 23.18 2732 2322 2286 19.14
5 55.98 59.06 55.46 47.62 57.18 47.08 57.88 47.98 67.42 57.50
6 59.00 61.68 57.72 49.44 5872 49.66 58.04 49.76 59.94  50.92
7 67.92 70.88 67.06 57.74 68.10 57.12 6710 56.30 56.24 46.74
8 97.16  98.18 97.30 9350 9746 9334 9738 93.62 9556 89.66
9 98.24 98.80 97.68 9454 97.88 9432 97.72 93.92 98.24 94.78
10 32.64 3512 3296 2834 3418 2762 3276 2714 3250 26.68
11 86.16 89.12 8534 77.10 86.44 7714 86.38 76.90 88.70 79.96
12 39.86 4256 3854 3314 3946 3256 3940 32.64 4138 34.96
13 59.06 61.90 57.42 49.12 59.08 49.02 59.04 49.92 58.84 49.40
14 30.52 3286 3140 2756 3232 2702 3266 2740 37.12 31.34
15 7328 7640 7282 6338 7442 63.02 7406 6358 8254 7252

* Cases of the location parameter arrangements are given on page 38
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Table 5.35. Percentage of Rejection for k = 4; Exponential Distribution: Block =40 and n =5

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 4.82 5.04 5.00 5.10 5.16 4.78 5.34 4.90 5.16 4.78
2 60.72 6410 61.92 5326 6222 51.70 60.40 50.82 58.54 48.74
3 59.60 6356 59.16 50.72 60.82 51.02 58.62 49.48 57.28 47.30
4 50.94 5420 51.08 4430 5190 43.18 50.76 42.56 41.04 34.40
5 83.72 8694 8334 7476 8416 7424 8454 7500 93.90 87.26
6 89.32 9142 8950 81.62 89.28 8046 87.82 79.04 9116 82.72
7 92.74 9454 9190 8512 9248 84.80 91.74 83.92 8484 75.26
8 99.94 99.96 99.92 99.68 99.94 9952 99.94 99.42 99.92  99.50
9 99.36 99.98 100.00 99.80 99.98 99.68 99.96 99.44 100.00 99.94
10 59.60 6356 58.96 50.54 60.08 49.80 57.96 4850 57.32 46.98
11 99.20 9958 98.92 96.84 98.86 96.00 98.60 95.12 99.64 97.38
12 70.80 7420 70.78 62.00 7118 6094 70.12 60.26 73.66 63.68
13 88.70 91.16 87.68 80.10 87.38 7846 86.96 77.82 89.72 80.78
14 55.62 59.06 55.90 47.30 56.88 47.04 56.34 4730 66.32 54.56
15 9594 98.96 9524 90.24 9544 89.24 9510 88.76 98.34 95.18
* Cases of the location parameter arrangements are given on page 38
Table 5.36. Percentage of Rejection for k = 4; T-Distribution: Block =40and n=5
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 4.72 4.82 4.94 5.16 4.98 4.70 4.94 4.84 4.90 5.04
2 2582 27.718 2482 2216 2556 21.76 2524 2162 2342 19.70
3 2594 2740 2532 2220 2584 2152 2498 2112 2456 20.68
4 2176 2336 2146 1884 21.70 1828 21.28 1826 1788 15.30
5 4250 4494 4146 36.10 4270 3576 43.02 36.30 5214 43.42
6 4440 4746 4436 38.02 4562 3758 4494 3788 4656 38.76
7 52.04 55.06 52.92 4472 54.06 4420 5292 4356 43.12 35.68
8 89.26 91.12 88.96 81.10 89.48 8090 89.54 8148 8556 76.12
9 91.00 9272 9080 83.38 91.60 83.12 90.82 82.64 9200 84.96
10 2594 2740 2512 2184 2574 2138 2498 2086 24.78 20.72
11 7254 7554 7056 6234 7178 6162 7156 61.80 74.56 64.94
12 30.80 3254 2936 2554 2980 2482 29.68 25.08 3192 26.84
13 4440 4720 43.68 3722 4434 3654 4444 37.00 4414 36.02
14 2448 2598 2274 2012 2334 1950 23.26 1994 2696 23.10
15 57.30 60.86 56.58 4886 5790 48.18 5798 48.66 66.94 56.34

* Cases of the location parameter arrangements are given on page 38
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Table 5.37. Percentage of Rejection for k = 4; Normal Distribution: Block = 40 and n = 10

Method
Case* Cy C2 T1 T2 T3 Ty Ts Te T7 Ts
1 5.16 5.48 4,70 4.68 5.12 454 5.04 4.56 4,98 5.02
2 39.52 29.78 37.58 24.12 37.94 23.68 36.90 23.50 35.44 22.24
3 39.02 30.34 38.30 24.28 38.80 24.34 3736 23.74 37.06 23.70
4 32.54 25.50 31.16 19.68 31.84 19.36 31.20 19.28 25.20 17.10
5 6496 5164 6358 4056 65.00 40.16 6556 41.08 75.30 49.88
6 68.00 54.62 66.74 42.14 67.94 41.58 67.30 41.54 68.48 43.06
7 77.38 62.90 74.80  48.40 75.72 48.34 74.80 47.88 63.36 38.42
8 99.12 9592 9930 8756 99.34 8750 99.36 88.10 98.36 82.94
9 99.28 96.68 99.38 89.26 99.50 89.48 99.36 89.02 99.52 90.44
10 39.02 30.34 38.70 24.18 39.40 24.00 37.98 23.28 37.36 22.94
11 93.08 82.54 92.22 68.22 92.98 68.26 92.76 68.12 94.18 71.02
12 47.28 36.60 46.92 30.26  47.46 29.96 47.22 29.84 49.16 31.18
13 68.38 54.64 66.12 41.96 67.38 41.62 67.38 42.12 67.66 42.06
14 36.42 28.10 34.70 21.54 35.58 21.42 36.12 21.38 41.78 25.58
15 8234 68.84 80.16 5498 81.32 5464 8130 55.04 89.12 63.52

* Cases of the location parameter arrangements are given on page 38

Table 5.38. Percentage of Rejection for k = 4; Exponential Distribution:

Block =40 and n =10

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 4,92 4.50 4.64 4.96 4,98 4.96 4,98 4.88 4.70 5.06
2 69.32 5466 7044 4576 7040 4498 68.96 4484 66.64 42.10
3 68.02 53.10 67.88 44,08 69.30 4414 66.76 4254 66.16 41.92
4 58.94 46.40 6042 3860 61.12 3812 59.88 37.34 49.88 30.58
5 90.50 78.84 90.22 65.18 90.52 64.88 90.64 66.16 97.44  78.90
6 94,40 8542 9448 7344 9444 7202 93.30 70.66 9544 74.64
7 96.62 89.38 96.38 78.62 96.62 7830 96.14 77.46 9154 67.36
8 100.00 99.88 100.00 98.58 100.00 98.08 100.00 97.88 100.00 98.06
9 100.00 99.92 100.00 99.30 100.00 98.94 100.00 98.48 100.00 99.44
10 68.02 53.10 67.24 43.44 68.78 43.14 67.16 41.98 65.76 41.16
11 99.86 98.34 99.82 93.64 99.80 92.16 99.64 90.98 99.88 95.06
12 78.98 64.64  79.26 53.44 78.78 52.34 77.44 51.62 83.02 55.52
13 94.10 84.32 93.92 71.24 93.50 69.84 92.86 69.10 94.86 71.52
14 63.82 49.48 64.72 39.44 65.48 39.46 64.78 39.72 74.90 47.08
15 98.50 9294 98.34 82.02 98.18 80.74 98.00 80.44 99.74 91.04

* Cases of the location parameter arrangements are given on page 38
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Table 5.39. Percentage of Rejection for k = 4; T-Distribution: Block = 40 and n = 10

Method
Case* C1 C T T T3 T4 Ts Te T7 Ts
1 5.10 5.14 4,94 4.80 4,78 4.70 4,94 4.76 5.18 4.54
2 30.04 2418 2870 1856 29.06 1812 2872 1816 27.10 17.24
3 30.24 2404 2898 1872 29.12 1882 2822 1854 2796 18.22
4 2552 20.84 2382 1596 2440 1562 24.12 1546 20.02 13.58
5 50.40 38.78 4798 30.18 4954 30.02 50.16 30.54 61.06 37.42
6 52.60 40.90 5160 3142 5252 3146 5180 31.00 53.64 32.38
7 61.06 4792 59.22 3766 59.88 37.08 5880 36.78 48.84 30.42
8 9420 8482 9326 7212 9386 7170 9412 7264 91.38 66.48
9 9558 86.84 9510 7438 9576 7398 9540 7356 96.24 75.54
10 30.24 2404 2894 1876 29.62 1872 2818 1826 27.80 18.04
11 80.10 66.74 7890 5248 79.80 5236 79.12 5236 82.66 55.54
12 36.06 2820 34.02 2154 3454 2162 3448 21.80 36.52 22.50
13 52.88 40.44 49.62 3118 50.54 3132 50.62 3158 5128 31.52
14 28.38 2246 2730 1786 2794 1762 28.02 18.06 3258 20.30
15 65.98 5222 66.08 4192 67.06 4194 66.56 4232 7510 48.84
* Cases of the location parameter arrangements are given on page 38
Table 5.40. Percentage of Rejection for k = 4; Normal Distribution: Block = 40 and n = 20
Method
Case* Cy Co T T> T3 Ty Ts Te T7 Tg
1 5.22 4.96 4.62 5.20 4.84 5.14 4.66 5.14 4.50 4.70
2 48.24 3240 4546 29.06 46.66 29.20 46.28 28.82 43.38 26.82
3 4760 3240 4492 2728 4574 2718 43.82 26.14 4346 2556
4 40.16 27.32 3826 2394 3892 2406 3858 2394 31.18 1948
5 7598 53.88 7284 4560 73.78 4558 7420 46.44 8510 57.04
6 7870 5734 7790 49.76 7874 49.78 77.68 48.92 79.88 51.28
7 86.52 65.60 8510 58.26 85.68 58.24 85.04 5758 7412 47.06
8 99.82 96.22 99.82 9348 99.88 93.64 99.88 9394 99.66 90.54
9 99.88 97.12 99.92 9434 9990 9438 99.90 9424 99.92 95.10
10 4760 3240 4654 2762 4712 2766 4512 27.10 4448 26.72
11 97.28 8492 9688 7852 9720 7880 97.12 7886 9794 81.18
12 57.22 3832 5560 33.38 56.68 33.26 56.42 3290 59.36 34.90
13 78.72 56.94 77.68 50.18 79.02 50.06 79.04 5056 78.84 50.58
14 4420 29.96 42.00 26.10 4284 2576 43.16 26.22 51.02 3102
15 90.62 71.70 89.34 63.92 90.24 64.22 90.22 6490 95.08 72.92

* Cases of the location parameter arrangements are given on page 38
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Table 5.41. Percentage of Rejection for k = 4; Exponential Distribution: Block = 40 and n = 20

Method

Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 4.94 4.90 4.86 5.00 4.86 5.00 5.06 5.06 4.72 4.96
2 80.12 59.08 79.86 53.04 79.62 5232 7834 51.62 7750 49.70
3 79.22 57.64 7880 5244 79.88 5230 77.98 50.62 77.40 49.84
4 70.18 49.90 70.74 4694 7130 46.38 69.84 4524 60.56 37.84
5 9584 8094 96.40 7468 96.46 7442 96.64 7536 99.50 88.02
6 97.74 86.92 9842 8196 9834 80.30 9798 78.98 98.90 83.40
7 98.84 90.44 98.92 86.52 99.08 86.16 99.02 8544 96.52 77.34
8 99.98 99.80 100.00 99.74 100.00 99.54 100.00 99.48 100.00 99.66
9 100.00 99.92 100.00 99.94 100.00 99.80 100.00 99.64 100.00 100.00
10 79.22 57.64 78.08 51.60 79.34 51.74 7722 49.82 76.76  49.26
11 99.96 98,50 100.00 97.38 99.98 96.86 99.96 96.26 100.00 98.20
12 88.32 68.16 8850 63.08 8812 6154 87.22 60.86 91.14 65.08
13 97.74 86.22 98.06 8152 98.10 80.38 97.72 79.84 98.46 82.48
14 76.10 53.70 75.14 4798 7578 47.40 7496 4752 8444 56.14
15 99.54 9436 9956 91.12 9950 90.28 99.40 90.02 99.94 96.48

* Cases of the location parameter arrangements are given on page 38
Table 5.42. Percentage of Rejection for k = 4; T-Distribution: Block = 40 and n = 20
Method

Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 5.72 5.56 5.22 4.90 5.20 4.84 5.08 4.78 5.18 5.16
2 3532 2376 3392 2114 3480 2090 3434 2106 3232 20.62
3 3520 2386 3540 218 36.04 21.76 3488 2146 3444 20.70
4 28.88 20.74 2862 1790 28.68 17.80 28.38 17.80 23.64 15.20
5 59.04 38.78 57.82 36.12 58.88 3574 59.48 36.36 70.40 44.28
6 62.16 40.96 61.76 37.92 6258 3790 6230 37.68 63.66 38.88
7 7120 48.18 69.94 4408 70.58 44.08 69.52 43.72 58.92 3528
8 98.28 86.68 98.18 82.08 98.36 81.86 98.38 8242 96.36 76.92
9 98.76  88.40 9844 8428 98.66 84.08 9842 8352 9882 85.22
10 3520 2386 3530 2286 36.02 2264 3480 22.18 33.78 21.46
11 88.98 6842 8946 6394 90.30 63.70 90.02 63.64 9198 66.92
12 42.78 2842 42772 2524 4356 2494 4342 2476 4534 26.80
13 6242 4118 6102 3742 6160 3718 6232 3784 6186 37.00
14 3258 2264 3220 2052 3296 2026 33.20 20.54 38.80 23.68
15 76.36 5318 76.48 48.08 77.38 4768 7754 48.18 8556 57.36

* Cases of the location parameter arrangements are given on page 38

66



Table 5.43. Percentage of Rejection for k = 5; Normal Distribution: Block = 16 and n =4

Method
Case* Cy C2 T1 T2 T3 Ty Ts Te T7 Ts
1 5.14 5.02 5.10 4.86 4,94 4.88 5.06 4.82 4.86 4.66
2 3428 3546 33.14 27.00 33.80 28.36 33.04 28.40 29.90 25.30
3 29.94 30.78 29.26 24.16 29.78 25.14 29.44 25.00 32.26 27.14
4 33.94 34.32 30.94 25.70 32.00 26.60 33.42 27.72 41.96 34.08
5 23.72 24.26 23.48 19.92 23.66 21.04 23.58 20.26 22.44 19.46
6 27.96 28.46 26.74 22.22 27.60 23.74 27.00 23.18 26.88 22.26
7 3838 3956 37.18 3050 38.00 3210 3752 3160 3286 27.14
8 45.58 46.92 43.16 3490 44.16 36.66 43.86 36.48 51.96 42.76
9 36.18 37.36 3424 2794 34.78 29.08 3364 28.30 36.58 30.56
10 4594 47.08 4406 36.66 4584 38.32 4506 38.08 4450 37.32
11 22.40 22.30 21.96 18.36 22.24 19.42 22.22 19.22 25.64 21.66
12 60.80 62.46 5842 48.70 60.00 50.52 60.30 50.98 70.92  60.66
13 65.96 6758 6556 5458 66.50 56.82 65.14 55.08 66.06 55.92
14 38.42 39.46 37.44 30.34 38.16 32.22 37.34 31.42 30.64 25.56
15 40.76 42,10 40.56 33.22 41.10 34.68 40.02 33.94 37.40 32.12

* Cases of the location parameter arrangements are given on page 38

Table 5.44. Percentage of Rejection for k = 5; Exponential Distribution: Block =16 and n =4

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 4.82 4,76 5.10 4,94 5.08 5.20 5.00 5.06 5.10 5.36
2 50.18 6094 61.38 5160 61.36 52.60 60.24 51.46 56.50 47.50
3 51.80 53.18 53.48 4444 5422 4578 53.32 45.06 58.96 48.92
4 51.56 53.50 53.10 42.30 54.50 44.64 56.18 46.44 69.78 57.90
5 42,26 43.08 4248 3534 4292 36.16 4130 3482 39.72 33.28
6 48.80 50.42 49.62 40.70 50.22 42.62 4864 4148 50.74 41.88
7 65.54 66.92 65.82 56.04 66.02 56,56 64.76 55.44 59.46 50.36
8 7232 7442 7328 6156 73.00 62.04 7192 60.90 8286 72.80
9 60.66 62.70 61.02 51.30 62.56 53.96 61.12 52.30 67.14 57.12
10 73.42 75.40 75.42 65.62 75.72 66.26 74.38 64.94 76.08 66.38
11 36.96 38.22 36.86 29.84 37.54 31.08 37.52 31.08 45,52 37.22
12 86.24 87.80 87.32 76.88 86.88 76.96 86.08 76.82 95.44 88.46
13 90.42 91.58 90.32 81.38 90.72 82.06 89.08 80.22 91.14 83.54
14 64.40 66.66 65.94 55.62 66.72 57.06 64.92 55.52 55.98 46.92
15 67.84 69.62 69.40 58.72 69.52 59.86 66.94 57.76 64.06 54.86

* Cases of the location parameter arrangements are given on page 38
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Table 5.45. Percentage of Rejection for k = 5; T-Distribution: Block =16 and n = 4

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 5.08 4.86 4.74 4.52 5.08 4.94 5.28 5.04 4.72 4.66
2 26.22 2690 2582 2140 2656 2216 26.14 2224 23.00 19.48
3 23.02 2330 2316 1878 2328 20.34 2336 2040 2576 21.98
4 2548 26.24 2422 1974 2496 2122 2526 21.82 3202 26.84
5 18.66 1886 18.88 1542 18.62 16.32 1792 1620 17.76 15.12
6 21.78 2198 2050 16.46 2080 1766 20.24 1736 20.06 17.30
7 29.54 30.00 29.04 2358 29.38 2474 2936 2484 2558 21.64
8 3468 3548 3292 26.82 3396 2870 3400 2894 39.78 32.62
9 27.70 2830 27.20 2326 2744 2404 26.48 2362 28.70 24.92
10 3446 3552 3382 2764 3392 2842 3400 2850 3486 28.64
11 1736 1740 16.10 1344 16.72 1470 17.02 1458 1890 16.38
12 47.00 48.74 4586 37.02 46.58 38.64 46.84 39.00 5564 46.62
13 52.24 5390 51.72 42.06 5276 4410 5136 4316 52.12 43.10
14 29.52 3058 2756 2274 2822 2422 2760 2358 2298 19.96
15 31.28 3258 30.02 25.06 30.82 26.34 29.74 2578 2794 23.96
* Cases of the location parameter arrangements are given on page 38
Table 5.46. Percentage of Rejection for k = 5; Normal Distribution: Block = 16 and n =8
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 5.38 4.86 4.78 4.56 4.92 4.52 5.02 4.72 5.06 4.78
2 40.76  35.06 39.98 27.48 4050 2754 40.10 2748 37.22 26.12
3 3490 30.04 3534 2472 36.06 2476 3564 2524 3942 27.02
4 39.86 3324 39.00 27.72 39.60 28.02 41.04 2898 51.70 35.72
5 27.70 2374 2628 1932 2690 19.26 26.12 1894 2548 19.02
6 32.62 2778 30.66 22.06 31.14 2226 3056 21.88 31.02 21.82
7 4574 39.62 4536 31.38 4586 3154 4580 3192 4116 28.78
8 53.34 46.82 5310 36.80 5394 37.14 53.64 3726 62.08 43.60
9 4290 37.00 4362 29.72 4442 3024 4336 2950 46.80 32.04
10 53.88 46.86 53.32 3690 5446 3740 54.08 37.74 53.66 36.66
11 2542 2206 2512 1732 2590 1752 2592 1774 30.28 20.30
12 7118 6320 70.88 5046 72.02 5118 72.12 52.04 81.62 6148
13 76.70 69.10 76.44 5542 7752 56.14 7588 55.06 76.76  56.04
14 4582 39.80 46.56 3144 4754 3166 46.14 3132 3880 25.88
15 48.64 4220 4748 32.04 4842 3246 46.94 3212 4376 29.74

* Cases of the location parameter arrangements are given on page 38
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Table 5.47. Percentage of Rejection for k = 5; Exponential Distribution: Block =16 and n =8

Method
Case* C1 C T T T3 T4 Ts Te T7 Ts
1 4.34 4.62 4.84 4.90 4.64 4.88 4,76 4.98 5.00 4.94
2 7198 63.30 7218 50.76 7148 50.26 70.20 49.74 66.98 45.68
3 63.96 5520 63.30 4346 6248 43.12 6158 43.00 68.18 46.68
4 64.38 55.32 63.74 4270 6470 43.60 66.40 4554 80.92 57.58
5 51.88 4398 5226 3754 5294 37.14 50.92 36.24 49.32 34.88
6 59.78 50.94 58.10 41.08 5894 4118 57.62 4038 58.82 40.88
7 78.18 6956 76.80 56.62 7654 5544 75.60 5444 7030 49.62
8 85.10 76.94 8412 63.74 83.64 6278 8234 6222 9118 72.80
9 74.00 65.10 72.04 5128 7322 5172 7142 5084 77.66 55.22
10 85.80 78.00 8366 63.26 8344 62.02 8236 6162 8456 63.10
11 46.04 3896 4426 2946 4452 2998 4410 3054 5428 34.92
12 9460 90.12 9406 7762 9334 7694 93.12 77.06 98.24 88.38
13 96.42 9292 96.02 8236 96.20 8224 9514 8056 96.96 83.62
14 77.20 6922 7640 5730 76.66 57.10 75.22 56.04 66.50 46.84
15 80.90 7234 79.78 5944 79.82 59.06 77.76 57.26 75.66 55.16
* Cases of the location parameter arrangements are given on page 38
Table 5.48. Percentage of Rejection for k = 5; T-Distribution: Block = 16 and n = 8
Method
Case* Cy Co T T> T3 Ty Ts Te T7 Tg
1 5.06 5.08 4.94 4,72 5.02 4.62 5.14 4.92 5.12 5.16
2 3098 2640 29.74 2140 30.36 2154 30.02 2160 2730 19.98
3 26.80 2322 26.22 1878 26.42 1876 2654 19.10 29.26 20.44
4 29.80 26.02 2896 1996 2956 19.88 30.26 20.70 38.06 25.56
5 21.40 1872 2182 1520 22.06 1534 2162 1522 20.84 14.68
6 2462 2182 2476 17.70 2516 17.80 2456 17.74 2432 17.82
7 3464 30.10 3478 2478 3540 2490 3522 2508 29.74 20.88
8 4104 3536 3950 2720 40.20 27.44 3950 27.60 4586 32.04
9 32,76 2820 3290 2352 33.08 2370 3220 2322 3510 24.38
10 41.64 3550 40.26 28.02 40.98 28.48 40.76 2850 40.34 27.94
11 1992 1736 1940 1392 1930 1392 19.08 1410 2198 16.02
12 56.44  49.02 5570 3736 56.46 3758 56.42 3856 67.74 46.12
13 62.10 5398 5992 4214 61.10 4186 59.86 41.02 59.94 41.40
14 3476 30.10 33.68 23.64 34.00 2364 3288 2352 28.08 20.04
15 36.92 3182 3584 2482 3642 2498 3512 2470 3354 23.96

* Cases of the location parameter arrangements are given on page 38
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Table 5.49. Percentage of Rejection for k = 5; Normal Distribution: Block =32 and n =4

Method
Case* Cy C2 T1 T2 T3 Ty Ts Te T7 Ts
1 5.02 5.12 4.86 4,70 4.84 4.92 4.82 5.12 4.86 4.88
2 45.48 51.74 45.24  40.58  46.48 4176  45.74 41.40 42.00 38.78
3 3954 4498 3950 3526 40.38 36.42 40.62 36.92 43.02 39.28
4 44.76 51.38  45.58 41.44  46.52 4272  47.48 44.02 59.74 54.92
5 31.24 35.38 30.66 27.70 31.28 28.52 30.06 27.76 29.36 26.92
6 37.14  41.96 37.02 33.10 37.70 34.00 36.44 33.52 37.60 34.08
7 52.10 57.48 51.96 46.74 52.76 47.94 52.44 47.88 46.34 42.58
8 60.42 68.12 60.04 5414 6096 54.78 60.36 54.66 68.86 63.98
9 47.94 55.04 47.76 43.04 48.62 44,22 46.98 43.14 51.30 47.40
10 60.52 68.22 5954 5400 61.00 5534 60.60 55.90 50.56 54.98
11 28.50 32.22 28.22 24.98 28.54 25.88 28.74 26.14 34.24  31.02
12 78.36 84.10 77.34 71.62 78.34 73.32 78.70 73.84 87.62 83.66
13 82.46 88.68 83.18 77.76 84.44 78.36 82.66 77.02 83.60 78.74
14 51.34 57.86 50.44  45.30 51.88 46.94 50.70 46.28 42.36 38.58
15 5428 6158 55.64 50.70 56.60 51.86 55.30 50.66 51.08 46.30

* Cases of the location parameter arrangements are given on page 38

Table 5.50. Percentage of Rejection for k = 5; Exponential Distribution:

Block=32andn=4

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 4.62 4,96 5.18 4.62 4.96 4.58 4.84 4.86 5.16 4.96
2 7756 8362 7864 7322 79.16 7316 7774 7242 7496 69.38
3 70.64 7694 7118 6584 7128 6566 70.66 6518 76.00 70.98
4 72.06 7870 7110 6534 72.62 66.98 7428 68.70 87.76  83.00
5 57.98 64.62 58.76 53.56 59.52 54.18 57.40 52.60 55.64 50.70
6 66.54 7348 66.88 61.26 6798 6230 65.76 6084 67.58 62.28
7 83.96 8862 8432 7872 8426 7854 829 7782 78.00 73.16
8 89.72 9384 89.64 8508 89.24 8468 88.04 8370 9524 92.14
9 79.82 85.46 79.08 73.84 80.64 75.56 79.24 74.34 83.42 78.66
10 89.76 93.58 90.18 85.78 90.06 85.76 88.88 84.80 90.98 86.70
11 51.60 58.74  52.32 47.44 53.08 48.48 53.18 48.56 63.72 58.74
12 96.90 98.40 97.22 95.24 97.08 94.74 96.70 94.46 99.52 98.92
13 98.20 99.26 98.20 96.56 98.36 96.80 98.08 96.04 98.50 97.16
14 83.04 88.10 83.24 77.94 83.24 78.06 81.20 77.04 73.56 68.60
15 86.14 90.62 85.64 81.12 86.04 81.16 84.00 79.42 82.98 77.88

* Cases of the location parameter arrangements are given on page 38
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Table 5.51. Percentage of Rejection for k = 5; T- Distribution: Block =32 and n=4

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 5.02 5.12 4.76 4.68 4.70 4.82 4.94 5.04 4.72 4.90
2 33.64 3880 3462 3106 3512 3192 3442 3212 3146 28.96
3 29.60 3354 2844 2548 2926 26.00 29.00 26.68 31.62 29.68
4 3352 37.84 3298 30.02 3392 30.76 3478 3188 44.28 40.48
5 24.08 25.64 2376 21.64 2434 2214 2362 2198 23.18 21.96
6 2744 30.88 27.64 2438 2810 25.04 2740 2470 27.62 25.74
7 39.28 4386 39.62 3554 4080 36.86 41.02 3714 3536 3254
8 46.10 5156 46.60 4156 46.72 4236 46.60 42,72 53.84 49.30
9 3592 4280 37.06 3286 3796 3422 36.82 33.68 40.54 36.76
10 46.30 5144 4734 4238 48.18 43.10 47.14 43.04 4740 43.00
11 21.70 2382 2252 20.74 2290 2136 2316 2140 26.78 24.70
12 62.72 69.86 63.38 57.34 6436 5876 64.78 59.34 7452 69.56
13 68.24 7476 67.78 61.16 6886 6248 66.66 61.08 68.12 62.54
14 38.18 4356 3852 34.66 39.04 3526 3786 3484 3128 29.16
15 4112 4630 4232 3766 4292 3840 4146 3756 39.32 35.60
* Cases of the location parameter arrangements are given on page 38
Table 5.52. Percentage of Rejection for k = 5; Normal Distribution: Block =32 and n =8
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 4.68 4.70 4.80 4.74 5.00 4.58 5.08 4.66 4.78 4.82
2 52.08 47.04 53.64 34.04 5414 3402 5358 34.02 48.74 31.10
3 4566 4122 4500 2898 46.34 29.28 4562 29.88 49.54 31.96
4 51.98 46.62 5216 33.36 53.10 3330 5472 3514 66.28 43.24
5 3574 3190 37.14 2478 3824 2468 36.76 2448 3454 23.46
6 4194 3772 4228 2858 4322 28.76 4178 28.08 4290 28.52
7 59.14 5336 59.84 38.78 60.64 3882 60.52 39.26 52.86 34.46
8 69.22 61.78 68.12 4572 69.50 46.08 69.12 4594 7754 53.78
9 5526 49.76 5544 36.74 56.62 37.34 5468 36.38 60.02 39.52
10 69.30 61.86 67.90 4544 69.00 4540 6838 4526 67.96 45.44
11 32.62 29.04 3284 2184 3374 2198 3370 2232 3948 25.60
12 8580 79.90 85.04 62.76 86.54 6292 86.54 63.94 9344 7434
13 89.88 8458 89.60 67.14 90.26 67.68 89.14 66.58 89.54 67.46
14 58.74 5332 58.76 38.66 59.74 38.68 58.62 38.06 49.18 31.66
15 62.74 56.32 63.06 4212 6430 4190 6294 4132 58.74 38.66

* Cases of the location parameter arrangements are given on page 38
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Table 5.53. Percentage of Rejection for k = 5; Exponential Distribution: Block =32 and n =8

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 5.08 5.02 5.14 5.04 5.02 4.84 5.08 4.92 4.96 4.82
2 85.82 80.78 86.16 6254 8586 61.74 84.56 60.74 81.96 57.14
3 79.30 73.74 7932 5460 79.38 54.06 78.32 53.60 84.48 58.62
4 81.06 7496 79.28 54.04 79.92 5460 8180 56.84 93.34 70.68
5 66.80 6158 67.20 4494 6852 4428 65.82 42.82 6432 4222
6 7484 6934 7354 5098 7394 51.04 7210 49.78 7356 51.12
7 90.30 86.12 90.32 69.16 90.48 68.16 89.58 67.44 8548 62.44
8 9538 92.02 9468 7718 9430 76.08 93.60 75.10 97.86 85.40
9 87.46 82.68 86.82 63.64 8754 6390 86.22 63.26 91.20 68.16
10 9524 9162 9496 76.86 9480 7598 94.08 75.00 9544 76.98
11 60.58 54.60 60.26 39.06 60.36 39.12 60.04 39.30 7158 46.46
12 99.12 98.12 99.04 88.76 98.96 8792 98.86 8752 99.94 96.14
13 99.60 99.02 9946 9222 99.62 91.84 99.40 90.76 99.68 92.98
14 89.56 85.18 88.90 67.26 89.22 66.80 8752 6556 80.70 57.10
15 91.98 88.04 9232 7160 9224 7066 91.18 68.88 89.74 66.66
* Cases of the location parameter arrangements are given on page 38
Table 5.54. Percentage of Rejection for k = 5; T-Distribution: Block =32 and n =8
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 5.04 5.08 4.82 4.52 4.90 4.54 4.64 4.64 4.80 4.72
2 40.48 36.26 39.88 26.62 40.68 2650 40.62 26.64 36.28 24.38
3 3514 31.30 3496 2328 3550 2312 3534 2346 38.06 25.64
4 39.84 3560 3958 25.34 4054 2552 4108 26.94 5184 33.88
5 27.38 2472 2688 19.14 2748 19.18 26.46 18.82 26.02 18.24
6 3250 2922 3356 2214 3396 2192 3282 2188 3356 22.36
7 4588 4110 4486 28.66 4532 28.68 4472 28.82 3856 25.76
8 5356 49.00 5394 3496 5516 3486 5468 3528 6192 40.52
9 43.16 3872 4262 28.62 4334 2874 4196 28.16 46.24 31.14
10 53.54 48.84 5352 3596 5474 3562 5412 3514 53.74 3542
11 2528 2278 2556 1662 2620 16.60 2630 16.38 30.92 19.98
12 71.16 6554 7058 4812 7214 4832 7256 4932 82.00 58.46
13 76.38 7058 7484 5116 7646 5150 7510 5092 76.24 5168
14 4558 4120 4456 29.86 4514 2996 43.86 29.08 36.90 24.16
15 48.50 4394 4894 3226 4988 3224 4822 3162 4594 30.06

* Cases of the location parameter arrangements are given on page 38
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Table 5.55. Percentage of Rejection for k = 5; Normal Distribution: Block =40 andn =5

Method
Case* Cy C2 T1 T2 T3 Ty Ts Te T7 Ts
1 4,56 4,76 4,62 4,72 4,78 5.00 5.04 4.92 5.02 5.16
2 53.74 58.14 51.96 43.72 53.04 44.36 52.88 43.78 49.24  40.52
3 46.74 50.48 45.38 3750 47.10 38.20 47.22 38.76 50.54  41.60
4 53.16 57.04 51.80 42.64 53.12 43.70 54.94 45.54 67.16 56.22
5 36.84 39.70 35.96 30.22 37.30 31.12 36.32 30.12 34.84 29.12
6 43.68 46.64 43.38 36.28 4430 37.08 4288 36.50 43.78 36.60
7 60.70 65.46 58.80 49.04 59.84 49.44 59.68 49.30 52.92 42.64
8 69.74 74.24 69.14 58.00 70.72 59.16 69.92 58.90 78.34 67.82
9 56.68 61.54 55.02 46.56 56.48 47.02 54.76 45.76 59.18 49.80
10 69.92 7444 6790 5758 69.38 58.00 69.02 58.32 68.38  58.12
11 3350 36.18 33.18 27.34 33.68 27.48 3390 28.28 39.60 32.58
12 86.12 90.08 86.02 76.28 86.74 77.14 87.02 77.62 93.68 86.40
13 90.24 93.78 89.92 80.68 90.70 8194 89.60 80.78 90.62 81.72
14 60.52 65.52 58.98 49.32 60.04 50.10 58.72 48.90 48.44 39.84
15 64.06 68.78 62.68 5288 64.18 53.84 62.30 52.42 58.78  49.00

* Cases of the location parameter arrangements are given on page 38

Table 5.56. Percentage of Rejection for k = 5; Exponential Distribution:

Block=40andn=5

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 5.28 5.42 5.12 490 4.96 5.10 4,92 5.06 5.04 4.82
2 86.52 90.18 8546 7642 8540 7544 84.10 7418 8252 72.20
3 79.42 8428 7830 68.02 77.74 6714 76.68 66.62 83.66 73.84
4 81.32 86.02 81.00 70.12 81.82 70.86 83.06 7252 9398 86.20
5 67.30 7288 67.34 5690 6814 5724 66.04 5540 64.18 53.52
6 75.36 80.20 7440 64.02 7534 6438 73.00 63.00 7648 65.32
7 90.48 93.76 90.28 81.76 90.14 80.94 88.82 80.08 86.12 75.84
8 9528 9740 9454 8854 9464 88.02 9414 86.76 98.04 94.14
9 88.34 91.66 87.02 78.32 87.66 78.42 86.34 76.58 90.48 82.66
10 95.26 97.46 95.04 88.42 94.88 88.14 94.28 87.20 95.64 89.18
11 61.62 66.44  60.56 50.62 61.20 51.66 61.44 51.52 72.02 60.46
12 99.30 99.68 99.24 96.56 99.16 95.84 98.92 95.40 99.86 99.24
13 99.64 99.82 99.74 97.88 99.70 97.80 99.52 97.12 99.76 98.28
14 89.74 93.34 89.86 81.54 90.16 81.54 88.52 80.16 82.02 71.76
15 92.26 95.14 92.18 84.46 92.26 84.42 91.10 82.84 89.66 81.06

* Cases of the location parameter arrangements are given on page 38
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Table 5.57. Percentage of Rejection for k = 5; T- Distribution: Block =40 and n=5

Method
Case* C1 C T T T3 T4 Ts Te T7 Ts
1 4.96 5.06 4.90 4.60 4.64 4.42 4.68 4.62 5.00 4.70
2 40.70 4420 3958 3330 40.34 33.60 40.18 3342 3714 3156
3 3524 3920 3510 2950 3576 2994 3576 2990 3882 32.78
4 40.32 4390 39.94 3280 40.64 33.02 4140 3426 51.28 42.74
5 27.82 29.80 2848 2438 2882 2410 2784 2350 26.48 23.10
6 3250 3572 3164 2634 3236 2644 3114 26.06 3140 25.92
7 46.22 5050 45.64 37.60 46.34 37.88 46.22 38.28 4042 3322
8 5446 59.38 53.70 4442 5480 4488 5424 4456 6172 5174
9 43.32 47.48 43.00 3540 43.72 3582 4220 3538 46.12 37.64
10 5414 59.08 53.62 4490 54.78 4540 5430 4502 5420 4514
11 2528 27.68 2534 2114 2542 2112 2566 22.06 30.38 25.62
12 7168 76.12 6994 5928 7142 5992 7188 60.28 8134 70.82
13 77.78 8183 7590 66.40 77.62 67.16 7594 65.72 76.94 66.16
14 46.06 50.68 4548 37.00 46.08 3744 4526 37.02 38.18 3192
15 49.20 53.14 4820 39.88 4880 40.20 47.64 39.16 4448 37.18
* Cases of the location parameter arrangements are given on page 38
Table 5.58. Percentage of Rejection for k = 5; Normal Distribution: Block = 40 and n = 10
Method
Case* Cy Co T T> T3 Ty Ts Te T7 Tg
1 4.82 4,78 4.88 4.84 5.00 4,74 4.90 4.72 5.46 5.06
2 61.14 51.14 5988 3514 6052 3574 60.08 3582 5496 32.22
3 5352 4438 5418 3234 5490 32.68 5482 33.00 58.06 34.98
4 60.56 50.56 5854 36.26 59.74 36.66 61.30 38.30 74.92 47.58
5 4186 35.16 4232 2550 43.24 26.04 41.82 2532 4022 24.64
6 49.66 41.60 49.02 29.68 50.40 30.00 49.40 29.18 49.76  29.54
7 68.32 5786 6794 4332 68.64 43.18 68.30 4322 6102 37.16
8 78.26 6744 7760 50.22 78.84 5058 78.70 50.78 84.58 57.90
9 64.64 5414 6352 39.80 64.28 40.32 6256 3940 68.02 43.00
10 7856 6728 7766 51.00 78.80 51.48 7820 5116 77.48 50.70
11 37.88 32.02 3742 23.06 37.48 23.02 3732 2314 46.24 27.32
12 9246 8524 9150 67.26 9250 67.54 9264 6836 97.10 78.74
13 95.10 89.16 9432 7206 9454 7210 9366 7130 9458 71.88
14 68.02 58.14 67.22 41.02 6840 41.16 67.12 4098 56.32 32.80
15 7226 6156 7174 4652 73.16 46.72 71.68 4574 67.46 42.40

* Cases of the location parameter arrangements are given on page 38
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Table 5.59. Percentage of Rejection for k = 5; Exponential Distribution: Block =40 and n = 10

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 5.00 4.90 4.84 5.00 4.88 4.96 4.76 5.02 5.16 5.06
2 92.08 85.66 9144 66.92 91.32 66.10 90.24 65.08 89.28 62.60
3 8746 79.02 86.60 58.16 86.24 57.38 85.10 56.86 90.60 64.00
4 89.10 80.16 87.42 5850 88.14 59.12 89.14 61.34 97.02 76.52
5 76.86 66.62 74.66 48.10 7550 4792 7294 46.22 7196 45.18
6 8422 7518 8252 55.00 8280 55.06 81.30 54.12 83.26 55.82
7 9522 89.86 9510 7332 9512 7212 9420 71.02 91.90 66.04
8 97.96 9476 98.10 79.74 9782 78.18 97.38 77.30 99.52 87.54
9 9334 86.90 9294 67.64 93.60 67.88 9232 66.16 9542 7254
10 97.88 94.64 9824 8194 9820 80.60 97.84 79.34 98.38 82.40
11 7114 60.72 7050 4322 7040 4348 70.36 43.90 80.50 52.06
12 99.74 99.00 99.78 9210 99.78 90.96 99.76 90.62 100.00 97.30
13 99.88 99.28 99.94 9422 99.96 94.14 99.84 93.20 99.96 94.68
14 9436 89.14 9442 7190 9476 7124 93.82 69.96 88.64 61.32
15 96.18 9140 96.02 7598 96.12 75.06 95.14 73.06 9444 71.40
* Cases of the location parameter arrangements are given on page 38
Table 5.60. Percentage of Rejection for k = 5; T-Distribution: Block = 40 and n = 10
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 5.14 5.54 4.66 4.88 4.58 5.04 4.64 5.04 5.34 4.90
2 47.66 4040 4744 2856 4856 2834 4826 2844 4376 27.10
3 4168 3546 39.60 2452 4066 2470 40.70 25.00 4356 26.72
4 46.18 3898 46.00 2796 46.92 2782 48.60 29.18 58.76  36.44
5 3350 2756 3282 2138 3278 2128 3192 20.84 30.58 20.10
6 39.16 3292 37.04 2378 3844 2384 3754 2350 37.94 2352
7 53.70 4530 5238 3220 5314 32.02 52.66 32.18 47.26 28.88
8 62.18 53.06 61.16 3846 62.14 3898 6190 39.00 70.12 44.26
9 50.94 4254 4846 30.38 49.56 3098 48.26 29.72 52.74 32.88
10 62.20 52.86 6220 3836 63.28 38.62 6224 3792 62.70 38.26
11 30.30 2516 2788 1852 29.04 1864 2892 1878 34.68 21.30
12 79.30 70.38 7946 5042 80.54 50.80 80.64 5158 88.72 61.24
13 8354 7472 8356 57.06 84.66 57.24 83.24 5578 84.38 57.48
14 53.62 4500 5238 3164 53.18 3162 51.74 3094 4428 26.26
15 56.86 47.44 5658 3444 5780 3508 56.30 3394 5270 3184

* Cases of the location parameter arrangements are given on page 38
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Table 5.61. Percentage of Rejection for k = 5; Normal Distribution: Block = 40 and n = 20

Method
Case* Cy C2 T1 T2 T3 Ty Ts Te T7 Ts
1 5.14 5.50 4.68 4,70 4.48 4.76 4.70 4.68 4.88 4,72
2 71.72 51.86 71.46 43.54 72.32 43.80 71.66 43.86 66.14  40.70
3 63.30 4498 6436 3890 64.70 39.32 64.02 39.26 69.52 42.34
4 70.70 50.48 70.64  43.82 71.14 43.94 72.86 45.44 84.74 55.66
5 5092 35.36 5058 29.30 51.26 29.72 50.00 28.96 47.48 27.86
6 59.42 4170 59.30 35.12 60.36 35.38 59.02 34.68 60.74  35.28
7 79.06 58.24 78.58 51.54 79.30 51.62 79.04 51.46 71.60 45,14
8 87.06 67.24 86.92 58.66 87.74 58.82 87.08 58.66 92.42 67.40
9 75.44 54.94 74.48 48.56 76.12 49.08 74.20 47.62 78.98 51.40
10 87.22 6758 86.44 5822 86.92 58.52 86.68 58.02 86.26 57.66
11 46.34 3230 45.72 2766  46.12 2790 46.24 28.12 55.20 32.94
12 97.32 84.96 96.46 77.04 96.74 77.08 96.92 77.40 99.16 86.56
13 98.62 8856 9794 8096 9840 81.06 98.00 80.30 98.12 80.66
14 78.94 58.28 77.94 50.10 78.72 50.60 77.32 49.70 67.34 41.70
15 82.18 61.30 80.76 53.62 81.72 53.82 80.38 52.72 76.58  48.60

* Cases of the location parameter arrangements are given on page 38

Table 5.62. Percentage of Rejection for k = 5; Exponential Distribution:

Block =40 and n =20

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 4,58 4,78 5.02 490 5.00 4,94 5.14 5.06 4.98 5.10
2 96.98 8450 9654 76.20 9650 75.22 96.20 7440 95.06 71.68
3 93.98 7766 9354 6880 9326 6798 9280 6750 96.30 73.84
4 95.16 7844 9460 69.66 9486 70.18 9556 72.28 99.16 86.48
5 85.14 6520 8530 57.06 8556 5712 83.72 5538 8260 53.46
6 91.26 73.26 91.28 6434 9168 6436 90.36 63.00 92.08 65.04
7 98.56 89.16 9832 8220 9818 81.06 9790 7994 96.66 76.72
8 9954 9428 99.62 8946 99.62 88.36 99.50 87.68 99.88 94.80
9 97.44 85.72 97.38 78.04 97.70 77.88 96.98 76.48 98.66 82.56
10 99.52 94.34  99.58 89.36 99.56 88.50 99.36 87.60 99.64 89.42
11 80.36 59.36 79.10 50.24 79.24 50.28 78.68 50.36 89.26 60.16
12 99.96 99.14 100.0 97.50 100.0 96.86 100.0 96.56 100.0 99.60
13 99.98 99.38 100.0 98.16 100.0 97.94 100.0 97.44 100.0 98.10
14 98.28 88.00 98.12 82.16 98.08 81.68 97.64 80.42 94.92 71.50
15 98.90 90.84 98.66 85.02 98.70 84.70 98.24 83.02 97.86 80.68

* Cases of the location parameter arrangements are given on page 38
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Table 5.63. Percentage of Rejection for k = 5; T-Distribution: Block = 40 and n = 20

Method

Case* Cy C2 T1 T T3 Ty Ts Te T7 Ts
1 414 454 4.68 5.04 4,94 5.12 4.90 5.18 4.82 4,90
56.28 3794 56.28 34.22 57.02 34.12 56.80 34.28 51.88 31.10
3 48.62 3228 49.60 30.20 50.08 30.36 49.88 30.44 54.06 32.32
4 54,78 36.82 54.04 32.36 54.80 32.28 56.10 33.12 68.84  41.42
5 37.80 25.04 38.82 2356 39.36 23.56 3788 23.08 36.30 21.78
6 45.20 29.66 44.84 26.78  45.46 26.66  44.18 26.46 44.82 27.12
;
8
9

63.10 4324 6200 37.12 6254 3718 6260 37.64 5514 31.98

7110 51.62 7092 4342 7222 43770 7142 43,78 80.38 52.14

58.80 40.56 59.52 3554 59.82 3578 5820 34.62 63.18 37.74
10 7132 5164 7326 4592 7426 46.08 73.64 4590 73.20 45.84
11 3454 23.00 3532 2080 3594 2092 3596 21.36 4252 24.60
12 88.02 6890 87.76 61.12 8858 6116 8858 6226 94.68 72.10
13 91.78 7428 9186 66.44 9250 6650 9146 65.10 92.08 66.44
14 62.80 43.06 6196 38.22 6262 3816 61.68 3742 5250 31.72
15 65.80 46.26 66.40 4086 67.32 4120 66.12 40.40 61.64 37.84

* Cases of the location parameter arrangements are given on page 38

5.2.2. Portion of the RCBD is equal to the CRD

The discussion of the results along with the results are present in this section when the
proportion of the number of blocks in the RCBD portion is equal to the sample size in the CRD
portion. Under this proportion, it seems that all the proposed methods maintain their type-I error
close to 0.05 which is the stated level of significance in this dissertation. This is valid for k = 3, 4
and 5 regardless of the underlying distribution. However, the difference among treatments are
present in terms of the estimated powers.

For k = 3, we note that the estimated powers of the proposed methods T1, Ts, and Ts are
similar to each other and to the estimated powers of C; for most of the location parameters
arrangements. However, an exception to it occurs when the location parameter arrangements
follow the patterns that the first two parameters are equal and the last one is different such as (0.5,
0.5, 1), when the distance among parameters doubles each time such as (0.1, 0.3, 0.7), and finally

when all the parameters are different and no pattern for distance among them such as (0, 0.1, 0.8).
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For k = 4, it can be seen that when there are equal spaces among parameters such as (0, 0.1,
0.2, 0.3), the estimated power of Ty, T3, Tsand Cyare comparable. In addition, when the location
parameter arrangements follow the pattern that the first two parameters are qual and the last two
parameters are equal such as (0, 0, 0.25, 0.25), the estimated powers of Ty, T3, Ts, T7 and C; are
mostly the same. Moreover, the proposed method T almost has the highest powers among the
other methods when the distance between the parameters are doubled each time such as (0, 0.1,
0.3, 0.7) and when the first two parameters are equal and the last two are distinct such as (0, 0, 0.1,
0.6).

For k = 5, we note that the proposed method T tends to be more powerful than the other
methods including C1 and C2 in many cases. For example, cases where the distance among the
location parameters doubles each time such as (0, 0.025, 0.075, 0.175, 0.375), cases where the all
the parameters are the same except the last one such as (0, 0, 0, 0, 0.5), cases where the first three
parameters are the same and the last two parameters are the same such as (0, 0, 0, 0.35, 0.35), and
lastly cases where the all the parameters are the same and the last two are distinct such as (0, 0, 0,
0.1, 0.3). Moreover, the estimated power of T1, T3 Tsand Cy are the same in several cases. For
instance, cases where there are an equal distance among parameters such as (0.05, 0.15, 0.25, 0.35,
0.45), cases where the last two parameters are the same and the distance between the fourth and
third parameters is equal to the distance between the third and the second parameters such as (0,
0, 0.125, 0.25, 0.25), cases where the second and the third parameters are equal and the fourth and
the fifth parameters are qual such as (0, 0.05, 0.05, 0.3, 0.3), and finally cases where all the

parameters the same except the last two parameters such as (0, 0.5, 0.2, 0.4, 0.4).

78



Table 5.64. Percentage of Rejection for k = 3; Normal Distribution: Block = 10 and n = 10

Method
Case* Cy C2 T1 T2 T3 Ty Ts Te T7 Ts
1 4.66 4.64 4,76 4,52 4,76 4.70 458 4.88 4.96 494
2 40.68 33.10 39.78 31.14  40.90 30.86  40.56 31.28 47.74  36.42
3 40.74 33.26 40.36 31.06 4096 30.92 4058 3150 3158 24.86
4 35.44 29.24 34.72 27.44 35.62 27.20 35.42 27.74 34.42 27.24
5 40,60 33.80 3950 32.32 40.76 31.80 40.64 32.18 37.36 29.34
6 86.36 76.32 85.86 73.30 86.82 73.98 86.80 74.84 9250 81.86
7 86.76 76.48 85.98 73.34 87.02 74.04 87.14 74.90 712.72 58.32
8 87.92 77.04 87.36 74.14 88.00 73.50 87.56 73.66 85.76 71.38
9 39.74 32.76 39.22 30.42 39.72 30.32 40.04 30.80 47.04 35.44
10 40.08 32.70 39.52 30.68  40.32 30.76  40.02 31.16 31.32 24.54
11 8194 70.18 8150 67.16 81.98 66.48 81.62 66.86 80.78  66.06
12 51.78 42.80 51.24 40.68 51.54 40.44 51.02 40.64 52.88 41.20
13 41.08 33.26 40.66 31.08 41.04 31.10 40.74 31.58 39.58 30.10
14 52.82 43.38 52.24  40.78 52.84 40.48 51.96 40.86 50.54 38.98
15 72.80 62.60 71.94 59.26 73.02 59.74 72.94 59.96 78.38 64.86

* Cases of the location parameter arrangements are given on page 38

Table 5.65. Percentage of Rejection for k = 3; Exponential Distribution:

Block =10 and n =10

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 494 5.12 4,94 476 4.84 4.62 4.84 4,94 5.10 454
2 64.70 54.02 64.02 5080 64.74 51.20 6434 52.00 7356 58.60
3 63.58 5250 62.82 4962 63.90 49.64 63.88 50.22 50.08 38.08
4 62.26 5248 62.00 4956 61.36 48.60 60.04 48.26 60.98 48.16
5 68.12 5730 67.76 5446 6750 5354 66.02 52.88 64.30 50.32
6 97.26 9176 97.12 89.74 97.28 8956 96.88 89.76 99.38 95.94
7 9572 8860 9530 86.32 96.12 87.18 96.16 88.18 87.92 7454
8 98.14 9458 98.16 93.36 98.08 92.06 9762 91.30 97.98 92.46
9 64.96 53.78 64.44 50.72 65.06 50.66 64.92 51.32 74.14 59.48
10 64.94 53.66 64.00 50.88 65.12 50.94 65.24 51.58 51.36 39.08
11 96.72 90.72 96.74 89.12 96.36 87.72 95.64 87.00 96.86 88.76
12 80.90 69.14 81.00 66.88 80.38 65.70 79.20 65.00 82.26 67.26
13 69.46 58.04 69.60 54.68 68.82 54.02 66.92 53.58 67.98 52.82
14 79.22 68.54 79.30 65.44 78.72 64.04 77.44 63.72 77.86 62.92
15 92.50 83.98 92.38 81.24 92.20 80.54 91.18 79.96 95.58 86.96

* Cases of the location parameter arrangements are given on page 38
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Table 5.66. Percentage of Rejection for k = 3; T-Distribution: Block = 10 and n =10

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 5.66 5.16 5.48 5.08 5.64 4.90 5.54 5.14 5.56 4.82
2 30.68 2518 30.26 23.62 30.88 23.28 30.96 24.06 3554 27.20
3 31.38 26.18 31.30 24.62 3152 2452 31.04 2480 2416 19.86
4 27.28 2372 2726 2240 2746 2242 27.00 2286 26.60 21.94
5 30.30 25.04 30.20 23.62 30.70 23.52 30.54 24.04 2888 2244
6 72.00 60.08 71.14 56.82 7212 56.84 7186 57.38 79.96 65.12
7 70.86 60.20 69.82 56.52 71.02 56.28 71.22 57.18 56.50 43.12
8 7426 6218 73.40 59.14 7424 5894 7370 59.06 7128 56.84
9 31.06 2582 30.76 2416 31.10 2410 31.16 2482 3528 27.56
10 31.38 25,62 31.06 2410 31.62 2436 31.92 2476 2466 19.30
11 65.74 55.00 6456 5146 65.68 51.38 65.10 51.86 6440 51.10
12 40.06 32.06 39.84 29.98 40.34 29.72 39.92 3022 4142 30.56
13 3216 26.04 3162 2436 3222 2406 31.62 2444 3050 23.26
14 3854 3238 3842 3068 3888 3056 3832 3090 3750 29.52
15 5712 46.74 56.94 4386 57.28 43.66 56.52 4448 6220 48.56
* Cases of the location parameter arrangements are given on page 38
Table 5.67. Percentage of Rejection for k = 3; Normal Distribution: Block =20 and n =20
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 4.32 4.48 4.32 4.40 4.38 4.36 4.28 4.30 4.56 4.56
2 63.98 4956 63.18 4792 64.10 4834 6426 4822 7194 54.80
3 63.32 49.08 6298 4750 63.28 4828 6298 48.16 50.02 37.66
4 56.76 4354 56.00 4232 56.50 4246 56.26 42.14 5546 40.76
5 64.60 49.60 63.84 48.08 64.76 4824 6424 48.00 59.56 44.12
6 99.26 9440 99.24 9344 99.28 9392 99.18 93.80 99.78 97.16
7 99.12 94.08 99.04 9322 99.14 9348 99.18 9348 9478 82.34
8 99.12 9496 99.00 94.18 99.12 9432 99.08 9424 98.74 93.02
9 64.98 50.08 64.62 48.82 65.00 49.18 64.64 4880 72.68 56.04
10 63.50 48.06 63.18 46.66 63.68 46.96 63.94 46.78 49.44 36.00
11 97.74 90.16 9756 89.10 97.78 89.28 9752 89.16 97.48 88.30
12 78.22 6262 7760 60.84 7822 6108 7762 6054 79.32 61.96
13 64.90 50.22 64.16 48.62 64.64 49.06 64.66 48.78 6254 46.52
14 78.18 6318 7792 6138 7810 6154 78.00 61.06 76.18 59.42
15 9348 8274 9330 8096 9358 8130 9348 81.06 96.12 85.78

* Cases of the location parameter arrangements are given on page 38
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Table 5.68. Percentage of Rejection for k = 3; Exponential Distribution: Block = 20 and n = 20

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 4.82 5.16 4.88 5.30 4.82 5.14 4.72 4.98 5.04 5.30
2 9048 76.72 90.12 7474 90.26 7498 89.88 7470 95,56 83.58
3 88.88 7522 87.96 73.64 89.14 7454 89.12 7482 77.08 60.52
4 8744 7346 87.26 7196 8710 7104 86.24 69.82 86.86 70.76
5 9212 7934 9228 7784 91.72 7714 90.98 76.08 89.78 74.18
6 100.0 99.44 100.0 99.28 100.0 99.22 100.0 99.14 100.0 99.98
7 99.90 98.12 99.90 9750 9990 98.00 99.90 98.30 99.06 93.18
8 100.0 99.66 99.98 99.52 100.0 99.48 99.98 99.14 99.96 99.44
9 90.86 77.00 90.62 75.08 90.74 7534 90.42 7494 9528 83.58
10 88.02 7488 87.34 7334 8830 7402 88.60 7442 7692 60.22
11 99.96 99.32 99.98 99.10 9996 98.76 99.92 98.36 99.98 98.86
12 9742 89.74 97.62 88.76 97.28 87.72 96.60 86.90 98.30 90.10
13 9272 80.02 9252 78.60 9222 78.06 9162 76.42 9162 77.50
14 96.80 88.78 96.76 87.94 9658 87.16 9586 86.02 96.22 86.50
15 99.84 97.62 99.82 97.04 99.76 96.78 99.66 96.12 99.98  98.90
* Cases of the location parameter arrangements are given on page 38
Table 5.69. Percentage of Rejection for k = 3; T-Distribution: Block = 20 and n = 20
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 4.56 4.86 4.58 4.90 4.58 4.92 4.68 4.96 4.80 5.14
2 4934 3732 49.14 3590 49.28 36.50 49.08 36.42 56.70 41.60
3 48.26  36.04 47.76 3498 4836 3544 4818 3550 37.32 27.50
4 4276 3248 42.08 3174 4274 3154 4268 3148 4216 31.32
5 50.26  38.66 50.08 37.68 50.22 37.92 4956 37.76 46.66 34.46
6 94.04 8152 9358 80.00 9410 8040 9390 80.36 97.08 87.10
7 93.62 80.90 9298 79.32 93.62 80.08 9346 80.06 8356 64.70
8 93.94 83.08 93.62 8148 93.86 8144 9342 80.96 92.72 79.56
9 49.08 3740 48.60 36.38 49.02 36.64 48.62 36.52 56.02 42.34
10 49.68 37.20 49.04 36.26 4952 36.44 4924 36.28 38.36 28.82
11 89.78 76.10 89.36 7450 89.76 7438 89.26 7400 89.02 73.54
12 62.72 4822 6198 46.78 6278 46.74 6230 4640 63.60 47.80
13 4932 37.26 48.84 3562 4932 3590 4896 3564 47.02 3456
14 63.02 48.82 6248 4740 6282 4750 6220 4738 6110 4582
15 83.64 6740 8318 6594 83.78 66.22 8366 66.22 88.04 72.10

* Cases of the location parameter arrangements are given on page 38
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Table 5.70. Percentage of Rejection for k = 4; Normal Distribution: Block = 10 and n = 10

Method
Case* Cy C2 T1 T2 T3 Ty Ts Te T7 Ts
1 4.86 5.24 5.14 5.26 4.90 5.18 4.80 5.32 5.30 5.28
2 23.72 19.86 23.60 18.50 23.62 18.68 22.84 18.46 22.40 18.00
3 24.26 21.22 23.86 19.60 24.30 19.72 23.56 18.86 23.40 18.86
4 20.12 17.34 19.62 15.94 20.06 15.98 19.52 15.80 16.52 13.84
5 38.66 31.64 37.84 2858 38.82 29.04 39.76 29.44 48.48 36.34
6 4136 34.38 4060 3150 41.36 31.88 40.46 31.68 43.10 33.08
7 48.32 40.64 47.64 37.16  48.56 37.32  48.02 36.34 39.46 30.56
8 86.00 76.64 85.04 7152 86.08 71.92 86.46 72.60 81.58 66.78
9 88.64 79.24 88.00 73.78 88.90 74.20 88.22 73.28 89.48 74.74
10 22.92 19.46 22.42 17.76 23.02 18.04 22.24 17.28 22.26 17.26
11 66.96 57.80 65.94 52.76 67.00 52.78 67.04 52.38 70.34 55.74
12 27.56 23.64 27.60 21.60 28.00 21.54 27.72 21.54 29.02 22.76
13 41.28 34.88 40.88 3146 41.56 3148 42.12 31.72 42.34 31.84
14 22.28 17.84 21.90 16.78 22.44 16.78 22.22 16.90 25.52 19.26
15 52.60 44.98 52.72 41.00 52.88 41.60 53.34 41.78 61.62 48.68

* Cases of the location parameter arrangements are given on page 38

Table 5.71. Percentage of Rejection for k = 4; Exponential Distribution:

Block =10 and n =10

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 5.26 5.00 5.24 490 5.18 5.06 5.00 5.08 4.88 5.04
2 4236 3524 4186 31.72 4206 31.72 4092 31.12 38.36 28.80
3 41,70 3580 41.38 32.62 4222 33.38 40.78 32.04 40.60 31.66
4 36.12 31.04 3572 2864 36.20 28.28 3500 27.60 2950 23.26
5 62.86 5234 6150 4732 63.44 4834 6444 49.44 76.82 60.74
6 69.52 60.74 70.22 5584 69.38 5484 67.74 53.82 7260 57.36
7 76.84 6742 76.22 6194 7658 61.74 7542 6056 66.26 51.62
8 98.08 9484 98.18 9198 9794 91.14 9780 90.66 97.32 90.84
9 98.76 96.44 98.72 94.04 98.64 92.92 98.24 91.24 99.20 95.48
10 41.64 34.92 40.72 3220 41.88 3272 40.54 31.52 40.44  31.12
11 92.10 85.46 92.68 80.88 91.86 79.30 90.30 77.68 94.96 84.32
12 51.64 43.26 51.20 39.06 51.14 38.52 50.26 38.12 53.28 40.66
13 69.10 59.52 68.98 54.96 68.68 54.14 67.90 54.00 70.60 54.58
14 39.72 31.58 38.90 28.14 39.44 28.46 39.44 28.70 46.56 33.36
15 80.86 70.32 80.60 64.66 80.38 64.28 79.98 63.96 89.16 74.68

* Cases of the location parameter arrangements are given on page 38
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Table 5.72. Percentage of Rejection for k = 4; T-Distribution: Block = 10 and n =10

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 4.72 5.42 4.86 5.40 4.84 5.40 4.76 5.12 4.88 5.22
2 1894 1658 18.70 15.04 1892 1528 1896 1546 17.84 14.72
3 1896 16.10 18.78 14.68 1886 1494 1820 1442 1852 1448
4 16.40 1410 1654 13.00 16.46 1296 16.32 1270 13.66 10.84
5 29.72 25.08 29.42 2260 30.02 2296 30.00 2340 37.12 28.82
6 3146 2632 3138 2378 3156 23.68 31.18 2348 3238 24.04
7 36.60 31.52 36.28 28.18 36.82 28.74 3598 2816 29.88 23.12
8 7132 6144 7012 56.14 7122 5630 71.60 56.76 6556 51.42
9 7210 6186 7182 5656 71.98 57.06 71.12 56.08 73.88 58.56
10 18.78 16.46 18.38 1524 18.70 1544 1844 1506 18.26 15.20
11 52.74 42776 5194 3860 5244 3856 5198 3820 55.08 41.06
12 2180 1828 2154 1710 21.62 16.86 2154 1696 2236 17.48
13 3200 2654 3160 2402 3186 24.18 31.68 2412 3246 2524
14 17.20 1456 17.06 13.62 17.18 1356 1744 1362 1990 1522
15 39.58 3340 3948 30.32 3952 30.20 40.20 30.42 46.88 3544
* Cases of the location parameter arrangements are given on page 38
Table 5.73. Percentage of Rejection for k = 4; Normal Distribution: Block =20 and n =20
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 4.46 5.08 4.42 5.16 4.50 5.14 4.62 5.04 4.68 5.16
2 3522 2738 3486 2570 3526 2580 3506 2570 3292 24.40
3 37.24 2772 3642 2638 37.26 26.64 3592 2570 3482 25.12
4 3124 2410 3092 2314 3122 2330 30.64 2296 25.74 19.04
5 61.36 46.78 60.80 44.66 61.38 4474 6160 4542 7312 53.98
6 63.34 4948 6258 46.62 63.28 46.70 63.06 46.08 64.60 47.76
7 73.80 56,50 7358 53.68 7410 53.76 7298 53.02 60.36 42.82
8 98.78 93.06 98.66 91.46 98.68 91.24 9890 92.00 9750 87.28
9 99.10 9478 99.08 93.12 99.06 93.16 98.92 9296 99.40 94.24
10 36.48 28.28 36.08 2690 36.24 2740 3462 2640 3480 25.48
11 90.90 7830 90.30 75.06 91.06 7528 9080 7530 9210 77.94
12 4428 34.06 4374 3194 4438 3228 4414 3252 46.22 33.30
13 63.84 4910 63.30 46.38 64.14 4652 6480 47.20 65.02 47.02
14 3418 2580 3356 2446 3442 2458 3394 2480 4046 28.96
15 79.74 64.04 7932 6058 80.00 6106 80.04 6166 87.98 70.48

* Cases of the location parameter arrangements are given on page 38

83



Table 5.74. Percentage of Rejection for k = 4; Exponential Distribution: Block = 20 and n = 20

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 4.66 5.44 4.76 5.34 4.68 5.30 4.78 5.34 4.72 5.04
2 67.50 5286 67.20 50.18 66.98 49.98 6596 48.90 64.46 46.12
3 66.20 51.08 65.42 4852 66.42 4886 6410 4740 63.74 46.70
4 58.30 4492 57.48 4270 57.82 4246 56.44 4138 46.92 34.68
5 88.44 7376 87.68 70.26 8824 70.26 88.26 7138 96.24  83.88
6 9282 8148 9260 79.04 9230 7746 90.94 7584 9434 8l.14
7 9546 8554 9530 8312 9546 8270 9478 81.78 90.04 72.92
8 99.98 99.70 99.98 9952 9996 99.34 9994 99.26 99.96 99.20
9 100.0 99.80 100.0 99.70 100.0 99.48 100.0 99.32 100.0 99.84
10 65.86 51.26 65.00 48.46 66.10 48.60 64.04 4732 63.74 46.66
11 99.76  97.34 99.72 96.32 99.74 9542 99.66 94.60 99.94 97.68
12 76.80 61.64 76.70 5854 7652 57.84 7562 57.34 80.58 61.48
13 9266 81.26 9252 7830 9224 7728 9172 76.84 93.88 79.38
14 62.58 48.46 62.04 4536 62.38 4556 61.88 45.64 71.64 53.78
15 97.72 90.90 97.48 88.16 9746 8738 9738 87.34 9952 94.64
* Cases of the location parameter arrangements are given on page 38
Table 5.75. Percentage of Rejection for k = 4; T-Distribution: Block = 20 and n = 20
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 5.14 5.02 4.98 5.20 5.18 5.32 5.38 5.12 5.50 4.92
2 2744 2142 2680 2030 2738 2060 2730 20.64 2528 19.96
3 28.72 22.08 2828 2090 28.60 21.06 2784 2054 27.40 20.14
4 23.24 1920 2288 1840 2340 1846 2296 1844 1942 16.36
5 47.40 35.08 47.14 33.34 4750 3346 4824 33.74 5854  40.98
6 49.62 36.84 48.84 3474 49.60 3452 4852 3422 50.18 36.04
7 58,50 4578 58.26 43.38 58.76 43.06 57.64 42.60 47.74 34.70
8 92.84 80.80 9260 77.48 9286 7754 93.16 78.34 89.84 73.26
9 9440 8448 94.08 8154 9428 8166 9382 8110 9506 82.30
10 28.10 21.04 2756 1984 2792 20.06 2694 1962 27.06 19.38
11 76.82 6218 76.42 59.68 76.74 59.72 7638 59.16 80.26 61.92
12 3396 2642 3338 2524 3416 2546 3374 2560 36.22 26.48
13 50.14 38.14 4954 3586 50.12 3598 50.14 36.56 50.52 36.40
14 2654 20.84 2682 19.64 2658 1992 26.60 20.02 3154 2240
15 64.00 49.44 6312 4682 6424 4696 6424 4702 7282 54.56

* Cases of the location parameter arrangements are given on page 38
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Table 5.76. Percentage of Rejection for k = 5; Normal Distribution: Block = 10 and n = 10

Method
Case* Cy C2 T1 T2 T3 Ty Ts Te T7 Ts
1 5.26 4,82 5.16 4,78 5.34 4.76 5.24 4.68 4.80 4.84
2 3686 31.66 36,52 2740 36.88 27.08 36.38 27.52 34.60 26.02
3 31.48 27.66 31.32 24.04 31.96 24.30 31.52 24.50 34.76 26.44
4 37.30 31.48 36.70 27.92 37.38 27.82 38.42 28.88 47.14  34.96
5 25.12 21.40 24.52 19.24 24.94 19.36 24.26 19.10 23.48 18.42
6 28.82 25.60 28.72 22.56 28.94 22.68 28.28 22.22 29.18 22.16
7 42.32 36.04 41.68 31.98 4250 3214 42.22 31.88 36.90 28.10
8 49.36 41.44 48.74 36.06 49.62 36.00 4952 36.20 56.66  42.50
9 38.70 3232 3840 29.02 38.80 28.82 3764 28.06 4194 30.94
10 4754  40.92 46.54 36.22 47.56 36.36  46.66 35.96 47.78 35.76
11 23.52 19.96 23.28 17.96 23.34 17.86 23.58 17.94 27.78 20.92
12 66.62 57.70 65.60 51.04 66.72 51.02 67.16 51.88 77.36 62.14
13 72.14 62.98 71.70 55.42 72.28 55.54 71.04 54.52 71.34 55.06
14 41.26 36.06 40.68 3206 41.12 31.92 40.44 31.22 33.48 26.22
15 43.78 37.58 43.26 32.82 44.08 3252 43.10 31.74 40.04 29.56

* Cases of the location parameter arrangements are given on page 38

Table 5.77. Percentage of Rejection for k = 5; Exponential Distribution:

Block =10 and n =10

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 4.62 4,98 452 5.18 452 5.14 4.68 5.12 4.34 5.14
2 66.54 5846 6598 5230 65.86 51.16 6444 5040 61.30 46.86
3 56.82 4886 56.68 4280 56.02 42.08 5556 41.86 62.38 46.58
4 58.70 4942 57.42 4238 58.88 42.66 60.68 44.66 7554 57.28
5 4754 4090 4684 36.36 4740 3552 4560 3438 4410 32.70
6 54.58 47,52 53.90 42.06 54.68 41.72 53.42 41.20 54.58 41.40
7 71.88 63.78 7212 5686 71.06 5540 70.20 54.38 64.48 50.32
8 78.86 7056 79.12 6288 7856 61.74 77.06 6154 86.78 72.30
9 67.64 57.94 66.58 50.68 67.84 50.74 65.42 49.96 71.86 55.16
10 79.72 72.14 79.80 65.22 79.02 63.70 77.76 62.78 80.72 64.24
11 42.66 36.24  42.80 31.92 42.74 31.86 43.00 32.18 51.82 37.14
12 91.42 84.86 91.34 78.28 90.76 76.78 90.24 76.62 97.20 88.44
13 93.54 88.26 93.16 82.30 93.42 81.70 92.28 80.46 94.20 82.62
14 71.62 62.72 71.18 56.48 71.14 55.66 69.50 54.28 60.74  46.12
15 73.90 66.30 73.34 59.54 73.84 58.88 71.90 57.34 69.42 54.26

* Cases of location parameter arrangements are given on page 38
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Table 5.78. Percentage of Rejection for k = 5; T-Distribution: Block = 10 and n =10

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 5.38 5.28 5.26 5.42 5.52 5.28 5.54 5.24 5.28 5.22
2 27.36 2424 26.64 2146 2734 2124 2736 2132 2480 19.92
3 23.54 2042 2294 1882 2380 1854 2358 1872 2556 19.86
4 27.78 2384 2720 2150 27.74 2154 2856 2236 3574 27.08
5 20.54 1766 20.34 1594 2032 1598 20.00 1542 19.28 14.64
6 23.22 1994 2318 1780 2332 1760 2282 1746 2260 17.42
7 30.52 26.70 30.30 2390 3058 23.76 30.44 23.88 26.92 21.24
8 3746 3264 3760 29.06 37.72 2872 3744 2840 4386 33.32
9 30.28 26.02 2996 2258 30.50 2242 29.60 21.82 3152 23.58
10 38.28 3240 37.72 29.02 38.00 2832 37.78 2840 36.98 27.22
11 18.16 1598 17.74 1494 1832 1454 1874 1496 20.12 16.20
12 50.38 42,62 4954 37.04 50.24 37.02 51.00 3756 60.56 45.76
13 55.18 47.60 5494 4146 55.06 4130 53.78 40.72 55.06 41.62
14 3238 2742 3170 2370 3274 2346 3192 23.04 2586 19.74
15 3546 30.14 3504 26.70 3568 26.74 3468 26.22 3156 24.80
* Cases of the location parameter arrangements are given on page 38
Table 5.79. Percentage of Rejection for k = 5; Normal Distribution: Block =20 and n =20
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 5.32 4.98 5.12 5.14 5.28 5.08 5.34 5.08 4.84 4.80
2 59.24 45,00 58.18 4156 59.12 4144 5860 4132 5330 36.92
3 50.90 39.84 5038 3690 5094 36.76 51.18 36.74 55.02 39.08
4 56.84 4516 56.26 4160 57.06 4186 5858 4346 7154 54.04
5 40.08 2994 39.12 2746 40.22 2758 39.04 2694 37.64 25.64
6 4794 3720 47.18 3426 4764 3434 4646 3356 47.42 33.60
7 65.26 50.52 64.64 46.68 65.18 46.66 65.00 46.50 56.94 40.64
8 7460 59.98 7394 5552 7464 5532 7412 5516 8192 64.06
9 61.18 46.98 59.84 43.00 6152 4338 59.72 4262 64.94 46.24
10 7536 60.70 7444 56.26 7532 56.30 74.76 56.34 7478 55.68
11 36.32 28.62 3586 26.70 36.34 2692 36.78 26.90 4286 31.00
12 90.00 76.78 89.44 7288 90.14 7290 9042 73.38 96.06 83.52
13 93.86 8356 9356 79.60 9394 79.84 9312 78.68 93.46 79.20
14 66.48 5144 6576 47.88 66.54 4798 6548 4726 5450 39.94
15 68.68 52.72 67.62 48.38 6858 4850 67.24 4750 62.28 44.36

* Cases of the location parameter arrangements are given on page 38
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Table 5.80. Percentage of Rejection for k = 5; Exponential Distribution: Block = 20 and n = 20

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 4.98 5.02 5.26 5.16 4.92 5.12 4.86 5.06 4.88 5.08
2 89.94 78.74 89.66 7442 8930 73.28 88.28 7218 86.86 69.26
3 8412 7054 84.04 66.46 83.38 6532 8236 6440 88.46 71.38
4 85.62 72.08 8530 66.80 8522 66.88 86.62 69.36 96.28  84.02
5 7328 58.12 7258 53.76 7296 53.44 70.66 51.72 68.92 50.56
6 80.16 66.74 79.88 61.72 80.16 6166 7858 60.80 80.20 61.38
7 9416 8330 94.00 79.32 9344 7796 9268 76.70 90.40 73.44
8 96.98 89.78 97.04 86.34 96.68 8526 96.06 84.38 99.20 92.50
9 9112 78.86 90.90 7430 91.20 7442 90.06 7278 93.96 77.62
10 96.86 89.50 97.06 85.88 96.70 85.08 96.28 84.10 97.36 86.82
11 67.72 5272 66.64 48.16 67.32 4796 67.08 48.60 77.74 57.58
12 99.68 97.08 99.62 95.34 9956 9442 9954 9434 99.92 98.96
13 99.86 98.34 99.86 97.38 99.86 97.12 99.80 96.34 99.94 97.90
14 93.18 8242 9276 7842 9292 7752 9214 76.28 86.42 67.42
15 9470 84.62 9418 8130 9452 8054 93.68 78.98 9242 76.72
* Cases of the location parameter arrangements are given on page 38
Table 5.81. Percentage of Rejection for k = 5; T-Distribution: Block = 20 and n = 20
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 5.50 5.64 5.36 5.52 5.36 5.48 5.36 5.44 5.32 5.34
2 43.44 3354 4410 31.08 43.44 30.92 4338 30.88 40.02 28.28
3 38.64 3020 3844 2788 3880 27.78 38.62 28.26 41.68 30.28
4 43.04 33.82 4272 3144 4314 3158 4472 3252 56.08 41.06
5 30.96 2324 3046 21.38 31.04 2156 30.06 20.98 28.18 19.80
6 3566 27.70 3574 2550 3580 2560 3452 2526 3540 25.84
7 50.74 39.02 49.76 36.10 50.76 3594 50.06 36.10 4410 31.90
8 59.42 46.30 59.02 4246 59.62 4260 58.96 42.60 67.66 48.64
9 4758 36.26 47.36 3352 4796 3346 46.44 3280 52.04 36.28
10 59.18 46.12 58.70 4246 59.16 4228 58.88 4214 59.14 42.64
11 2806 21.74 2788 2014 28.00 2028 2790 20.32 32.68 23.52
12 76.42 6168 7584 57.06 76.64 5736 76.66 5794 8596 68.70
13 8132 67.30 80.82 6298 8122 6310 79.92 6184 8142 6222
14 50.58 38.82 50.08 36.16 50.66 3590 49.30 3546 41.70 30.04
15 53.02 4052 5248 3722 5284 3736 5180 36.54 4838 34.22

* Cases of the location parameter arrangements are given on page 38
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5.2.3. Portion of the RCBD is smaller than the CRD

In the previous discussion, the proportions of the number of blocks in the RCBD portion to
the sample sizes in the CRD portion are greater or equal. Now, we consider cases where the
proportions are smaller. Here, the performance of the proposed methods is notable in terms of
maintaining their levels on borders of the desired level of significance. Regardless of the
underlying distribution, this holds for k = 3, 4 and 5. However, the estimated powers reveal some
significant differences among treatments.

For k = 3, we note that when the proportion of the number of blocks in the RCBD portion
is one-fourth the sample sizes in the CRD portion (i.e. Block = 4, n = 16), the proposed methods
T7 and Tsg tend to be significantly more powerful than the others and similar to each other. These
situations can be observed when the location parameter arrangements follow the pattern that the
first two parameters are the same and the last one is distinct such as (0, 0, 0.5) and when all the
parameters are distinct and a large distance between the last two parameters is present such as (0,
0.1, 0.8). Moreover, under this proportion, we note that the proposed methods Ty, T2, T3, T4, Ts, and
Te including the tests proposed by Magel et al. (2009) have similar estimated powers when the
parameters follow the patterns that the last two parameters are the same such as (0, 0.5, 0.5) and
when the parameter arrangements follow the pattern of an equal distance among parameters such
as (0, 0.5, 1).

Further, when the proportion of the number of blocks in the RCBD portion is one-eighth
the sample sizes in the CRD portion (i.e. Block = 4, n = 32), it can be noted that generally the
standardized last methods (T2, T4, T, and Ts) have higher estimated powers than the standardized
first methods (T1, Ts, Ts, and T7). This can be seen in Tables 5.88-5.90. However, when the

proportion of the number of blocks in the RCBD portion is one-half the sample sizes in the CRD
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portion (i.e. B =8, n =16), the proposed method T7 has higher estimated powers than the others
in the following arrangements (0, 0, 0.5), (0.5, 0.5, 1), (0.1, 0.3, 0.7) and (0, 0.1, 0.8). The proposed
methods Ty, T3, and Ts including C1 have higher estimated powers compared to other methods under
the rest of the parameter arrangements considered.

For k = 4, we note that when the proportion of the number of blocks in the RCBD is one-
fourth the sample sizes in the CRD portion (i.e. Block = 8, n = 32), we note that the proposed
methods T- and Tg have the highest estimated powers. This occurs when the location parameter
arrangements follow the pattern that the first three parameters are the same except the last one such
as (0, 0, 0, 0.5) and also occurs when the first two parameters are the same and the last two are
distinct such as (0, 0, 0.1, 0.6). Moreover, when the proportion of the number of blocks in the
RCBD is one-eighth the sample size in the CRD portion, the proposed method Tg tends to have
higher estimated powers then the others under the following location parameters arrangements: (0,
0,0, 0.5), (0.05, 0.1, 0.3, 0.5), (0, 0.1, 0.3, 0.7), (0, 0.05, 0.15, 0.35) and (0, 0, 0.05, 0.3). However,
T2,T4, Te and C2 have similar under the rest of the arrangements considered. Finally, when the
proportion of the number of blocks in the RCBD is one-half the sample sizes in the CRD portion,
the estimated power of T7 is the highest among the proposed methods under several location
parameters arrangements. For example, when the distance among the parameters doubles each
time such as (0, 0.1, 0.3, 0.7) and (0, 0.05, 0.15, 0.35). On the other hand, there are situations where
the estimated powers of Ty, Tz and Ts including C; are similar and are considered to be the highest
compared to the others. For instance, cases where there are equal distances among parameters such
as (0, 0.1, 0.2, 0.3) and also cases where the first two parameters are equal and the last two

parameters are equal such as (0, 0, 0.25, 0.25).
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For k = 5, when the proportion of the number of blocks in the RCBD portion is one-fourth
the sample sizes in the CRD portion, the results show that the estimated powers of T7 and Tg are
mainly comparable and having the highest powers compared to the others. This is applicable under
several location parameters arrangements. For instance, when the distance among the parameters
is doubled each time such as (0, 0.025, 0.075, 0.175, 0.375), when the first three parameters are
the same and the last two are distinct and the distance between the fifth and the fourth parameters
is as large as the distance between the fourth and the third parameters such as (0, 0, 0, 0.25, 0.5).
The results also indicate that the powers of the proposed methods Ty, T2, T3, T4, Ts, and Te including
C: and C; are approximately the same when for example, the parameters are distinct except the
last two parameters such as (0, 0.1, 0.3, 0.4, 0.4). For more cases, see (Tables 5.106-5.108 and
Tables 5.115-5.117).

Moreover, when the proportion of the number of blocks in the RCBD portion is one-eighth
the sample size in the CRD portion, the results indicate that the proposed method T tends to have
higher estimated power in some cases. This can be seen, for example, when the location parameter
arrangements follow the pattern that all the location parameters are the same except the last one
such as (0, 0, 0, 0, 0.5). However, under this proportion the proposed methods based on
standardized second technique are more powerful than those based on standardized first.

Finally, when the proportion of the number of blocks in the RCBD portion is one-half the
sample size in the CRD portion, we note that the proposed method T has higher estimated powers
than the others when the location parameter arrangements follow the pattern that the all the
parameters are the same except the last one such as (0, 0, 0, 0, 0.5), when the first three parameters
are not equal while the last two parameters are both equal and not equal such as (0, 0, 0, 0.35, 0.35)

and (0, 0, 0, 0.1, 0.3).
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Table 5.82. Percentage of Rejection for k = 3; Normal Distribution: Block =4 and n = 16

Method
Case* Cy C2 T1 T2 T3 Ty Ts Te T7 Ts
1 5.44 5.72 5.36 5.66 5.30 5.50 5.34 5.46 4,98 5.54
2 39.18 37.78 39.32 37.24 39.18 38.08 38.96 38.44 4474  44.10
3 3990 3870 39.32 3832 39.98 38.72 39.82 38.78 31.02 30.56
4 3446 3426 3452 3396 34.00 34.06 3362 3390 33.20 33.88
5 3942 39.02 3886 3858 39.34 3896 39.72 39.14 36.16 36.18
6 85.56 8540 85.04 8492 8576 8566 8560 86.00 9156 91.64
7 85.28 84.72 84.78 84.24 85.60 84.88 85.84 85.00 71.04 70.92
8 8722 8736 86.78 86.96 87.08 87.46 8652 87.26 84.94 85.64
9 3892 3952 3868 3934 3894 39.78 3892 3998 4480 46.10
10 3786 3784 3766 3762 3766 38.08 37.68 38.32 28.54  29.50
11 80.36 80.22 80.02 79.80 80.22 80.06 80.00 80.06 79.06  79.38
12 51.10 50.10 50.56 49.66 51.02 50.20 50.70 49.94 51.10 51.02
14 40.64 40.14 39.98 39.68  40.46 40.00 40.10 40.30 38.90 38.54
13 51.06 50.30 50.06 49.70 50.84 50.12 50.88 50.24 48.42 48.48
15 70.78 6956 70.06 68.98 70.68 69.42 7080 69.44 76.10 75.40

* Cases of the location parameter arrangements are given on page 38

Table 5.83. Percentage of Rejection for k = 3; Exponential Distribution:

Block=4and n=16

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 4.60 4.86 4.70 490 4.62 5.06 4.56 5.04 4.84 4.96
2 63.86 63.80 63.34 63.18 63.72 64.10 6358 64.22 7316 73.30
3 64.08 63.04 6342 6264 6448 6350 6400 63.68 51.08 50.32
4 59.46 59.34 58.92 5898 5850 58.32 5752 5724 5796 58.30
5 66.84 66.88 66.70 66.38 66.02 65.98 65.04 65.38 6250 63.20
6 96.00 96.60 95.82 96.44 9598 96.52 9590 96.24 99.04 98.88
7 94,00 9448 9358 9428 9422 9520 9452 9558 8534 86.20
8 97.96 98.08 97.92 98.00 97.74 97.62 9720 97.12 97.68 97.62
9 63.66 63.46 62.84 63.10 63.56 63.60 63.16 63.86 72.74 73.34
10 64.18 63.42 63.18 62.80 64.22 63.64 64.68 64.12 50.38 50.26
11 96.16 96.66 96.04 96.30 95.64 95.74 94.68 94.86 96.12 96.44
12 17.72 78.14 77.30 77.76 76.78 76.64 75.46 75.62 78.96 80.18
13 67.92 68.50 67.38 67.92 66.84 67.08 65.88 65.98 65.94 66.54
14 78.72 78.20 79.36 77.82 77.68 76.54 76.56 75.54 77.38 76.58
15 91.42 91.86 91.56 91.46 90.92 91.08 90.08 90.78 95.46 95.36

* Cases of the location parameter arrangements are given on page 38
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Table 5.84. Percentage of Rejection for k = 3; T-Distribution: Block =4 and n = 16

Method
Case* Cy C T1 T2 T3 T4 Ts Te T7 Ts
1 4,98 4.78 5.16 4,78 5.02 4.86 5.04 4.76 5.18 4.96
2 29.10 28.12 28.86 28.00 28.98 28.12 29.20 2836 33.88 32.50
3 31.34 30.68 31.06 30.14 31.12 30.84 31.14 3104 2456 24.32
4 26.02 2538 2572 2498 2596 25,58 26.22 25.64 2546  25.02
5 29.98 29.70 30.14 29.32 29.88 2950 29.76 29.24 28.18 27.30
6 69.86 69.42 69.24 68,92 70.04 69.88 70.16 70.04 7830 78.02
7 70.32 69.30 6944 6890 70.30 69.62 70.30 69.90 5546 55.84
8 7162 7224 7124 7168 7130 7174 70.40 7158 68.78 68.92
9 30.72 2896 29.92 2870 3040 29.20 30.46 29.16 33.90 33.50
10 30.94 29.86 3054 2948 31.00 30.36 30.94 3056 2416 23.92
11 62.84 6260 6274 6212 62.38 6230 62.00 6222 6194 62.12
12 3762 3728 3714 36.74 3762 37.22 3774 3732 3850 38.10
13 29.74 29.42 29.60 29.14 29.28 29.18 2950 28.98 28.30 28.08
14 38.26 38.12 3836 3766 38.00 38.06 3792 38.08 36.20 36.60
15 5498 55.18 5452 5472 5488 55.02 5496 5514 60.20 60.86
* Cases of the location parameter arrangements are given on page 38
Table 5.85. Percentage of Rejection for k = 3; Normal Distribution: Block =8 and n = 16
Method
Case* Cy C T, T, T3 T4 Ts Ts T7 Ts
1 5.12 4,76 5.18 4.84 5.06 4.84 4.96 4.88 5.20 4.92
2 4530 39.40 4524 3836 4530 39.06 4514 39.02 5224 46.26
3 4656 38.94 46.02 38.04 46.58 38.66 46.64 39.32 3578 30.34
4 41.80 36.02 4162 3520 41.74 3552 4116 3542 4052 34.82
5 46,50 39.64 46.24 3882 46.36 39.58 46.40 39.70 4232 36.32
6 91.20 85.68 9112 8492 9146 8564 91.38 8588 9596 91.96
7 9252 86.90 9200 86.24 92.66 86.78 9262 87.10 80.80 72.70
8 92.74 87.72 9248 87.08 92.64 87.18 9240 87.20 91.26 85.42
9 45,48 40.02 4496 39.12 4540 3946 4532 39.16 52.34 4524
10 46.18 40.16 45.66 39.44 46.30 39.88 46.02 40.10 35.88 30.98
11 87.18 81.30 86.80 80.60 87.28 80.72 87.14 80.80 86.30 80.42
12 58.74 52.10 5836 5096 5892 5146 5830 51.70 59.64 5292
13 46,90 41.16 46,50 40.08 47.06 40.12 46.26 40.04 44.78  39.22
14 50.88 53.78 59.34 5286 59.76 5324 59.36 53.22 56.80 50.68
15 79.00 7238 7856 71.16 7892 7184 7842 7200 8434 77.88

* Cases of the location parameter arrangements are given on page 38
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Table 5.86. Percentage of Rejection for k = 3; Exponential Distribution: Block =8 and n = 16

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 5.06 4.80 5.06 4.64 5.08 4.70 5.22 4.64 4.94 4.68
2 7254 6542 7268 6390 7270 6444 7252 6466 8198 73.88
3 7152 6512 70.76 63.74 7198 6488 7202 6512 57.88 51.14
4 70.28 63.08 69.92 6216 6942 6136 68.26 6054 69.16 61.62
5 7580 68.42 7594 6732 7520 66.66 73.88 6590 71.62 63.74
6 98.98 97.68 99.00 97.38 9896 97.24 98.76 97.02 99.82 99.16
7 97.84 9534 9744 9486 98.06 9586 98.18 96.22 91.84 86.06
8 99.26 98.28 99.30 98.10 99.10 9766 98.74 97.16 99.20 98.00
9 72.72 65.06 7238 63.64 7284 6430 7202 6454 8152 7298
10 7156 64.08 70.82 63.12 7206 6416 7208 6444 57.42 50.96
11 98.24 96.52 98.42 96.08 98.06 9558 97.68 94.98 98.32 96.30
12 85.98 80.14 8596 79.02 8538 7838 8414 7730 87.32 80.54
13 7590 69.38 76.16 68.24 7530 67.28 7408 66.28 73.98 66.34
14 86.84 81.30 86.78 80.24 86.28 79.52 8512 78.18 8592 79.24
15 96.32 9354 96.36 92.84 9590 9222 9554 9146 98.16 95.90
* Cases of the location parameter arrangements are given on page 38
Table 5.87. Percentage of Rejection for k = 3; T-Distribution: Block =8 and n = 16
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 5.20 5.18 5.18 5.08 5.26 5.26 5.28 5.20 5.34 5.12
2 3510 3040 3466 30.04 3536 3048 3532 3048 40.00 34.82
3 3510 3054 3470 2990 3526 30.58 3508 3048 2796 24.14
4 31.66 26.62 3140 26.04 3160 2656 3124 26.30 30.10 25.72
5 33.98 2944 3378 2874 3408 2936 3392 2936 30.86 27.36
6 7758 70.64 7738 6950 78.04 7030 7792 7032 8520 78.48
7 7752 7090 7710 69.76 7758 7044 7750 70.70 63.40 56.64
8 80.72 7190 80.46 70.82 80.62 7108 79.78 71.06 78.32 69.04
9 3464 29.84 3460 2912 3472 2956 3450 29.76 39.86 34.32
10 35.38 3028 3474 2956 3548 30.04 3564 3026 27.64 24.28
11 72.18 6514 7198 6414 7192 6446 7118 6402 7120 63.86
12 4436 37.72 4420 36.68 4440 37.02 44.08 37.14 4454 38.72
13 33.86 2958 3336 2912 3348 2950 3386 29.60 32.00 28.46
14 4420 3946 4392 3852 44.02 39.00 4342 3932 4246 37.74
15 6290 56.18 6196 55.00 63.06 5574 6316 5570 68.60 60.70

* Cases of the location parameter arrangements are given on page 38
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Table 5.88. Percentage of Rejection for k = 3; Normal Distribution: Block =4 and n = 32

Method
Case* Cy C2 T1 T2 T3 Ty Ts Te T7 Ts
1 5.06 4,92 4,90 4,92 5.04 4.98 5.00 4.96 4,78 5.10
2 55.40 62.16 54.84 61.92 55.30 62.10 55.22 62.10 62.60 70.22
3 55.54 61.84 55.42 61.74 55.94 61.86 55.28 61.80 43.40 48.52
4 50.12 55.28 49.68 55.14 49.94 55.34 50.12 55.04 49.02 53.18
5 55.54 61.48 55.44 61.36 55.34 61.64 54.86 61.46 51.76 57.14
6 96.60 98.78 96.66 98.76 96.70 98.92 96.78  99.00 98.70  99.70
7 96.68 98.26 9646 98.22 96.80 98.32 96.82 98.34 88.18 93.04
8 97.10 98.70 97.00 98.66 97.02 98.70 96.56  98.62 95.94  98.22
9 56.06 60.74 55.70 60.72 56.08 61.16 56.26 61.30 63.16  68.90
10 56.38 61.06 55.94 60.86 56.52 61.32 56.56 61.40 4434  47.74
11 9412 96.94 9388 96.86 94.18 96.88 94.04 97.08 93.30 96.56
12 68.02 74.22 67.52 74.12 67.86 74.08 67.64 74.14 69.62 75.58
13 54.60 61.74 54.22 61.60 54.62 61.48 54.50 61.46 52.80 59.54
14 70.16 75.80 69.66 75.62 70.16 75.62 69.66 75.64 67.74 73.86
15 88.12 92.70 88.08 92.60 88.18 92.82 88.12 92.92 92.18 95.64

* Cases of the location parameter arrangements are given on page 38

Table 5.89. Percentage of Rejection for k = 3; Exponential Distribution:

Block =4 and n =32

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 4.82 4,92 4.88 4,94 4.82 4.88 4,92 4,94 4.78 4.86
2 82.44 88.04 8286 8798 8250 87.88 8224 87.24 90.00 94.02
3 81.00 84883 80.38 8480 8142 85.46 81.72 86.22 6792 7274
4 79.84 8590 80.04 8584 7896 85.04 77.78 84.16 79.10 85.06
5 8456 90.18 84.60 90.00 83.70 89.44 83.02 88.72 81.36 87.28
6 99.86 9996 99.88 9996 99.84 9994 99.76 99.94 99.96 100.0
7 99.34 9986 99.38 9986 99.50 99.88 9958 99.90 97.10 98.72
8 99,92 9998 99.96 9998 99.88 99.96 99.76 99.94 99.82 99.96
9 83.12 88.94 82.64 88.80 83.04 88.54 82.80 88.12 90.72 94.36
10 80.94 86.18 80.38 86.02 81.28 86.64 81.62 87.00 67.92 73.66
11 99.66 99.92 99.64 99.92 99.54 99.82 99.40 99.78 99.74 99.94
12 93.50 96.70 93.70 96.64 92.98 96.42 91.76 95.78 94.42 97.16
13 84.68 89.64 84.62 89.54 83.92 88.70 82.76 88.02 83.22 88.60
14 93.06 96.58 93.30 96.56 92.50 96.14 91.70 95.56 92.18 96.02
15 98.40 99.46 98.46 99.44 98.12 99.24 97.86 99.06 99.46 99.80

* Cases of the location parameter arrangements are given on page 38
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Table 5.90. Percentage of Rejection for k = 3; T-Distribution: Block =4 and n = 32

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 5.44 5.66 5.48 5.68 5.46 5.72 5.46 5.74 5.44 5.96
2 4248 4640 4222 4630 4218 46.68 42.64 46.68 48.92 54.02
3 4324 4792 4282 4788 4332 4782 4348 4792 3318 38.06
4 38.00 42,60 38.16 4256 38.04 42.44 37.84 4222 37.04 41.60
5 4250 4746 4194 4744 4264 4736 4242 4726 3950 4432
6 8798 9244 87.88 9236 88.08 9262 87.96 9274 9350 96.20
7 88.10 9194 8796 9188 88.32 9188 88.12 91.84 7492 81.18
8 88.00 9338 87.72 9326 87.78 93.30 87.30 93.00 86.22 91.58
9 41,96 46.08 4232 46.02 4196 46.38 42.08 4650 48.26 53.66
10 40.86 47.02 40.62 46.96 40.88 47.06 40.84 47.10 3212 36.32
11 82.16 8796 8182 87.78 8192 8750 81.68 87.38 81.06 86.86
12 5328 5894 5296 58.78 53.38 5850 53.02 58.38 5482 60.46
13 4198 47.04 4180 46.94 4210 46.92 42116 46.66 39.80 44.68
14 5342 6042 5356 60.16 5332 60.18 5318 60.00 5146 57.90
15 73.84 80.78 73.68 8058 73.82 8080 73.62 8056 78.46 85.32
* Cases of the location parameter arrangements are given on page 38
Table 5.91. Percentage of Rejection for k = 3; Normal Distribution: Block = 8 and n = 32
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 5.22 5.04 5.08 5.02 5.36 4.98 5.32 5.06 5.46 5.36
2 61.74 60.80 61.24 60.66 61.76 6054 6180 60.52 69.62 68.94
3 62.18 62.84 61.80 62.64 6242 6266 6244 6280 49.04 49.50
4 5498 5448 5462 5422 5496 5438 5464 5420 5372 52.72
5 62.24 6288 62.00 6256 62.12 6268 6190 62.62 5750 58.10
6 98.76  98.60 98.62 9854 98.80 98.64 9880 98.72 99.64 99.58
7 98.46 9850 98.46 9850 9858 98.60 98.60 98.62 93.66 93.48
8 98.90 98.86 98.84 98.80 98.86 9890 98.86 98.88 98.66 98.50
9 61.62 61.00 6098 60.70 61.62 60.78 6128 60.78 68.68 69.04
10 63.36 62.34 6298 62.08 63.30 6214 63.38 6222 49.32 49.12
11 96.80 96.46 96.64 96.38 96.86 96.38 96.78 96.52 96.34 95.94
12 7544 7528 7578 75.00 75.64 7492 7504 7498 77.06 76.70
13 62.70 63.78 62.84 6356 62.66 63.56 6248 63.14 60.82 61.28
14 76.96 7736 76.26 77.02 76.66 77.02 76.64 76.66 7442 75.16
15 9338 9296 9334 9288 9332 9284 9326 9298 9596 95.68

* Cases of the location parameter arrangements are given on page 38

95



Table 5.92. Percentage of Rejection for k = 3; Exponential Distribution: Block = 8 and n = 32

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 4.88 5.06 5.16 5.08 4.90 5.04 5.04 4.90 5.06 5.38
2 89.42 89.10 89.04 88.82 89.34 8850 89.10 88.34 9452 94.32
3 86.50 86.12 85.70 86.02 86.70 86.44 87.18 87.00 7512 74.84
4 85.74 8580 86.20 8558 85.06 84.74 83.76 83.84 85.68 85.18
5 90.22 90.36 90.30 90.14 89.88 89.50 88.64 89.04 88.10 87.48
6 99.94 99.98 99.94 9998 9994 9996 99.96 99.96 100.0 100.0
7 99.76  99.84 99.74 99.76 99.82 99.88 99.82 99.92 98.98  98.58
8 99.94 99.96 99.94 9996 9994 9994 9990 99.92 99.96 99.96
9 88.32 89.08 88.00 88.92 88.28 88.62 88.00 88.20 94.42 94.84
10 86.58 85.88 86.40 85.66 87.08 86.30 87.10 86.74 7484 73.96
11 99.92 99.88 99.94 99.88 99.92 99.86 99.92 99.82 99.96 99.90
12 96.66 96.88 96.56 96.84 96.42 96.24 96.04 9580 97.30 97.58
13 90.40 90.40 90.46 90.16 89.62 89.50 88.96 88.82 89.50 88.92
14 96.16 9592 96.00 95.80 95.62 9524 9540 9494 95.60 95.58
15 99.56 9954 9954 9954 9948 9942 99.32 99.36 99.80 99.86
* Cases of the location parameter arrangements are given on page 38
Table 5.93. Percentage of Rejection for k = 3; T-Distribution: Block =8 and n = 32
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 5.08 4.82 5.10 4.82 5.04 4.84 4.94 4.76 4.94 4.76
2 4760 4772 47.66 47.48 4776 47.72 4746 4758 54.34 53.90
3 46.66 46.32 46.38 46.20 4690 46.70 46.90 46.74 36.28 36.00
4 41.08 40.86 4094 40.70 4092 40.80 40.74 40.60 40.16 39.92
5 48.08 48.12 47.82 4794 48.04 4786 4738 47.90 4330 4354
6 91.70 9234 9160 9222 91.80 9238 9188 9244 9586 96.02
7 9240 9252 9220 9232 9268 9240 9252 9248 8196 81.30
8 9294 9344 9270 9336 9284 9310 9266 93.00 9192 91.76
9 48.16  47.20 4742 4694 4832 4734 4764 4742 5460 53.92
10 48.80 46.68 48.46 46.34 48.76 46.54 48.74 46.64 38.16 36.50
11 88.86 8796 8852 87.76 8888 8774 8856 87.70 87.74 86.56
12 60.44 61.08 6050 60.74 6058 6084 6040 6056 6234 6170
13 48.28 49.34 4774 49.06 48.18 48.68 47.90 48.42 4558 46.34
14 59.52 59.38 5924 5920 5956 59.12 59.32 59.02 5720 56.48
15 81.00 80.60 80.76 80.22 80.92 8058 8082 8046 8586 85.70

* Cases of the location parameter arrangements are given on page 38
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Table 5.94. Percentage of Rejection for k = 4; Normal Distribution: Block =4 and n = 16

Method
Case* Cy C2 T1 T2 T3 Ty Ts Te T7 Ts
1 5.04 5.34 4,92 5.42 5.00 5.24 5.12 5.16 4,72 4,76
2 22.56 21.90 22.66 21.54 22.50 21.54 22.48 21.60 21.76 20.52
3 22.80 22.88 22.72 22.42 22.90 22.48 22.38 22.08 22.32 21.96
4 18.78 18.98 18.38 18.62 18.88 18.86 18.94 18.66 16.12 15.64
5 3722 36.82 3658 3610 36.98 36.14 37.74 37.34 46.16 46.08
6 38.36 37.84 38.24 37.02 38.26 37.42 37.50 37.12 40.36 38.76
7 45.82 45.94 45.24 45.12 45,92 45.62 45.12 45,12 37.22 36.20
8 83.78 83.82 8350 8286 83.78 8272 8452 83.88 78.52  77.48
9 86.56 86.42 8594 8550 86.38 85.66 8580 8524 87.10 86.68
10 22.88 21.90 22.56 21.66 22.98 21.58 22.38 21.12 21.84 21.06
11 64.80 65.20 64.30 64.00 64.80 63.90 64.66 63.86 68.18 67.16
12 26.94 26.50 26.34 25.82 26.88 25.90 26.64 26.30 28.52 27.86
13 39.92 4034 39.28 39.48 40.18 39.62 4048 39.86 40.62 39.76
14 20.72 22.16 20.40 21.86 20.76 21.84 20.96 21.96 24.36 24.82
15 5090 50.40 51.02 49.04 50.70 49.40 5098 50.08 59.62 58.90

* Cases of the location parameter arrangements are given on page 38

Table 5.95. Percentage of Rejection for k = 4; Exponential Distribution:

Block=4and n=16

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 4.66 4,56 4.58 4.56 4.64 4.66 4.80 4.64 4.84 4.58
2 4140 4222 4084 4134 4118 40.66 4040 39.96 37.82 38.02
3 40.22 40.38 40.16 39.72 40.78 40.14 39.36 39.26 38.58 38.38
4 35,36 3482 3532 3406 3528 3356 3464 3286 28.22 26.60
5 59.64 5954 59.08 5852 59.94 58.88 60.72 60.28 73.28 72.54
6 68.22 68.78 67.82 6758 67.32 66.06 6552 64.70 69.58 69.54
7 7322 7414 7282 7312 7274 7286 7172 72.04 6218 62.06
8 97.20 9754 9728 97.26 96.84 96.82 9656 96.78 96.98 96.76
9 98.60 98.48 98.76 98.34 98.20 97.86 97.54 97.18 99.04 98.66
10 4154  40.92 40.64 40.00 41.72 40.22  40.20 39.66 39.30 38.52
11 90.26 91.38 90.32 90.54 89.38 89.46 88.30 88.58 92.62 93.34
12 49.22 50.28 48.86 49,28  48.82 48.68 48.44 48.54 51.54 50.82
13 66.86 67.58 66.88 66.74 66.28 65.72 65.82 65.32 69.18 67.94
14 37.08 36.74 36.14 35.84 37.16 35.94 37.62 36.16 42.56 42.42
15 78.34 79.02 77.84 78.14 77.70 77.02 77.70 76.60 87.52 87.32

* Cases of the location parameter arrangements are given on page 38
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Table 5.96. Percentage of Rejection for k = 4; T-Distribution: Block =4 and n = 16

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 5.10 4.90 5.10 4.78 5.14 4.86 5.26 4.82 4.72 4.62
2 1760 1714 1758 17.00 17.72 1696 1744 17.08 17.16 16.32
3 1794 1770 1814 1740 1844 1746 1780 1730 17.88 17.12
4 1530 1578 1530 1546 1534 1550 1530 1546 13.28 13.38
5 27.08 2740 2720 26.76 26.88 2690 27.28 27.46 33.92 34.00
6 29.66 29.92 29.14 2920 2958 2894 2930 28.62 3054 29.88
7 3414 3582 3384 3510 3432 3524 3408 3478 2772 28.34
8 67.78 6846 67.34 6760 6758 67.48 68.32 68.22 63.44 62.54
9 70.80 71.08 70.62 70.30 70.96 70.44 69.96 70.06 7186 72.04
10 17.18 1754 1692 17.14 1718 17.18 16.66 17.08 16.50 16.70
11 4998 49.72 4992 48.78 50.06 4856 49.56 4852 5254 51.06
12 2110 2052 21.06 20.10 2116 20.00 20.94 2036 2196 21.62
13 29.30 28.74 29.00 2822 29.60 28.44 2950 29.08 29.30 29.42
14 18.28 16.92 17.72 1652 1824 1640 1800 16.84 19.80 19.10
15 38.02 3838 37.78 3754 3840 3742 3912 3750 4540 4432
* Cases of the location parameter arrangements are given on page 38
Table 5.97. Percentage of Rejection for k = 4; Normal Distribution: Block =8 and n = 16
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 5.08 4.68 5.18 4.64 4.98 4.62 4.68 4.62 4.78 4.78
2 25.88 2350 25.64 2250 25.74 2274 2576 2288 2420 21.44
3 26.64 2436 26.72 2340 26.62 2348 2584 2288 2550 22.42
4 2242 20.80 22118 20.14 2254 2014 2246 20.18 1954 17.28
5 4288 38.68 4210 37.24 4290 3730 4392 3824 5356 46.20
6 4594 40.86 4552 3942 46.02 3952 4544 39.40 46.90 40.26
7 54.62 4798 5392 4580 5420 4594 5414 4584 4384 37.00
8 91.32 86.18 91.04 8436 9146 8452 9210 8552 87.80 79.70
9 9296 87.92 9222 86.26 93.08 86.26 92.78 8598 9356 87.76
10 25,72 2250 2530 2146 2592 2180 2480 2136 2424 21.06
11 7446 67.70 7384 6576 7442 6578 7404 6552 7696 68.28
12 31.80 2790 31.30 2648 3196 26.70 3190 26.96 3352 28.80
13 46.90 4170 4594 40.22 47.02 4048 4732 41.04 47.00 40.32
14 2434 2224 2454 2128 2438 2136 2422 2162 2876 24.44
15 59.16  52.00 5850 4994 59.02 50.18 59.50 50.80 68.84 59.66

* Cases of the location parameter arrangements are given on page 38
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Table 5.98. Percentage of Rejection for k = 4; Exponential Distribution: Block =8 and n = 16

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 5.00 4.72 4.68 4.60 4.78 4.58 4.62 4.60 4.68 4.50
2 49.48 4484 49.60 42.86 4898 4276 48.38 4230 46.14 39.62
3 4762 4234 4728 41.00 4760 4114 46.16 39.76 4496  39.12
4 4094 36.76 4046 3532 40.76 35.02 39.86 3410 3236 27.86
5 69.84 6288 69.52 60.70 70.04 6096 7108 62.78 83.86 75.62
6 7768 70.96 77.66 68.66 77.04 6770 7516 66.22 79.70 70.98
7 83.06 76.72 8282 7474 8292 7438 8168 73.62 7240 64.06
8 99.40 98.22 99.34 97.80 99.24 9742 9920 97.44 99.08 96.88
9 99.58 98.90 99.74 98.72 99.48 9832 99.08 97.84 99.88 99.14
10 46.10 4128 45.68 39.78 46.18 40.04 4478 38.70 43.28 37.70
11 9584 9214 9584 90.76 9540 89.46 9456 88.52 97.44  93.56
12 56.50 50.82 56.26 48.68 56.12 48.10 5526 48.18 59.92 50.76
13 76.32 70.08 76.78 6796 7590 67.18 7476 67.18 78.42 69.04
14 4366 3730 4350 3584 4344 36.06 4356 36,50 51.80 42.40
15 86.58 8158 86.22 7954 86.18 78.28 8564 78.00 93.80 88.44
* Cases of the location parameter arrangements are given on page 38
Table 5.99. Percentage of Rejection for k = 4; T-Distribution: Block =8 and n = 16
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 5.00 5.18 5.32 4.98 4.92 4.88 4.96 4.82 5.34 4.92
2 2116 1932 2096 1862 21.16 1866 2094 1884 19.92 17.28
3 2056 1852 20.68 17.88 2050 17.84 1956 17.60 19.44 17.50
4 1722 1510 17.06 1466 17.38 1474 1696 1478 1446 12.62
5 33.08 2816 328 27.04 33.06 2730 33.84 2832 40.10 34.00
6 3440 3146 3450 3022 3416 3030 3366 30.16 3534 30.34
7 4198 3740 4188 36.16 42.18 36.10 4126 3552 34.16 29.72
8 7744 7076 7690 68.70 77.34 6828 78.10 69.12 7248 63.16
9 79.48 7364 7894 7128 7946 7132 78.64 70.70 8048 72.28
10 21.20 1818 2098 1768 2124 1766 2014 1740 1994 17.14
11 59.14 5236 58.32 50.62 59.04 50.76 58.88 50.58 62.26 53.50
12 23.80 21.10 23.08 20.26 23.78 1994 2376 20.08 2490 21.14
13 3442 3122 3382 2994 3430 2992 3530 3040 3522 3042
14 2008 1736 19.78 1638 20.12 1650 20.24 16.92 2294 19.62
15 4580 4158 4560 39.74 46.10 39.76 46,54 4042 54.08 47.06

* Cases of the location parameter arrangements are given on page 38
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Table 5.100. Percentage of Rejection for k = 4; Normal Distribution: Block = 4 and n = 32

Method
Case* Cy C2 T1 T2 T3 Ty Ts Te T7 Ts
1 4,76 4.84 4.88 4.86 4,72 4.86 4.68 4.96 5.26 5.16
2 31.10 34.60 30.46 34.28 31.16 34.36 31.20 34.62 29.88 32.32
3 31.20 34.04 30.46 33.98 31.38 34.44 30.24 33.22 29.90 32.24
4 25.58 27.62 25.52 27.50 25.74 27.80 25.20 27.86 21.04 23.26
5 5204 56.78 5184 56.52 52.28 56.88 53.38 58.10 63.36  68.78
6 5436 59.78 5340 59.48 54.18 59.66 53.68 59.08 55.38 61.34
7 64.84 69.18 6442 68.78 64.48 68.98 63.96 68.62 52.80 56.84
8 96,50 97.80 96.26 97.70 96.42 97.78 96.56  98.00 93.68  96.46
9 97.08 98.46 9694 9842 97.06 98.42 96.84 98.32 97.34  98.60
10 3042 3458 2998 3440 3056 35.02 2994 34.00 29.54  32.88
11 84.74 8854 84.20 88.34 84.52 88.40 84.12 88.48 86.80 90.86
12 36.52 41.76 36.92 41.58 36.64 41.84 36.00 41.52 39.52 43.92
13 54.80 61.02 54,12 60.58 54.80 60.74 55.18 61.20 55.30 61.34
14 29.58 31.78 29.42 31.68 29.46 31.68 29.70 32.02 35.20 37.54
15 69.60 75.26 68.84 7494 69.84 75.04 70.10 75.52 78.96  83.08

* Cases of the location parameter arrangements are given on page 38

Table 5.101. Percentage of Rejection for k = 4; Exponential Distribution: Block =4 and n = 32

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 5.30 4,96 5.42 4,94 5.24 4.96 5.14 4.88 4.78 5.02
2 58,56 64.76 58.30 6450 58.12 63.80 57.12 6298 5412 60.22
3 58.32 6260 5758 6234 5824 62.74 56.18 60.94 55.00 60.26
4 48,08 53.60 4764 5334 4742 5298 46.12 5220 39.34 4244
5 79.94 86.26 80.04 8598 79.76 85.64 79.94 86.00 91.14 9474
6 85.48 8986 8550 89.68 84.60 88,50 8392 87.70 87.12 91.56
7 90.74 9404 90.70 9386 90.74 93.72 8988 93.26 82.74 87.28
8 99.88 1000 99.84 100.0 99.84 100.0 99.78 9996 9990 99.96
9 99.96 100.0 99.94 100.0 99.92 99.98 99.88 99.98 99.98 100.0
10 56.66 63.36 55.86 63.16 56.58 63.50 54.94 61.60 54.62 60.90
11 98.78 99.50 98.82 99.50 98.44 99.20 98.00 99.04 99.50 99.76
12 67.04 73.36 66.66 73.00 66.32 71.72 65.44 71.08 69.68 76.52
13 86.10 90.84 86.66 90.78 85.10 89.68 84.94 89.32 87.72 92.10
14 51.42 58.12 51.36 57.84 51.12 57.56 50.66 57.76 61.46 67.38
15 93.84 96.44 93.82 96.44 93.24 95.90 92.64 95.58 97.78 98.86

* Cases of the location parameter arrangements are given on page 38

100



Table 5.102. Percentage of Rejection for k = 4; T-Distribution: Block = 4 and n = 32

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 4.68 5.06 5.06 5.00 4.70 4.94 4.64 4.96 4.90 5.18
2 2418 27.64 2436 2748 2418 2758 2394 2722 2348 26.22
3 23.82 2556 23.60 2538 23.86 2550 2340 2490 2288 24.38
4 20.16 21.78 20.00 21.78 20.16 21.64 19.92 2146 1744 18.42
5 39.58 43.32 39.38 43.08 39.80 43.58 40.40 4454 4894 54.04
6 40.64 46.42 40.40 46.14 40.58 46.22 40.82 4578 4242 4752
7 48.72 5476 4852 5456 48.66 54.72 48.38 54.18 39.18 44.14
8 85.98 90.62 8572 90.48 8580 90.66 86.64 91.28 8130 86.94
9 87.48 9238 8742 9222 8744 9218 86.84 9194 8834 93.06
10 23.48 2650 2324 2640 2352 26.60 23.06 26.02 2294 2522
11 6766 7222 6730 7182 6742 7176 6736 7174 7082 75.08
12 28.68 3154 2830 3140 2856 3148 28.78 31.22 30.06 33.68
13 40.10 4552 39.32 4540 40.10 4552 41.08 46.44 4128 46.12
14 2238 2514 2182 2504 2230 2524 2274 2532 2656 28.72
15 53.86 60.22 5342 5996 54.06 60.22 5450 60.82 6256 69.28
* Cases of the location parameter arrangements are given on page 38
Table 5.103. Percentage of Rejection for k = 4; Normal Distribution: Block = 8 and n = 32
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 4.72 5.04 4.80 5.06 4.80 5.10 4.76 5.10 4.68 4.80
2 3550 3482 3478 3438 3548 3450 3534 3432 3256 32.06
3 3454 3448 3446 3400 3456 3396 3326 3282 3328 32.84
4 29.76  29.04 2954 2870 29.76 28,98 29.52 2852 2450 23.48
5 59.30 58.92 5856 58.38 59.34 5872 60.62 59.58 7156 69.90
6 63.20 6150 6296 61.00 6332 6122 6294 60.98 64.02 62.00
7 7120 7040 7040 6992 7122 70.08 70.20 69.50 59.16 57.42
8 98.30 97.82 9816 97.72 9830 97.78 98.36 98.02 96.74 96.44
9 98.96 9848 98.88 98.38 9890 9840 98.84 98.32 99.12 98.86
10 3594 3578 3510 3528 3586 3514 3492 3414 3388 34.08
11 89.50 89.16 88.80 88.70 89.24 8898 89.02 89.02 90.58 90.88
12 4212 42778 4170 4232 4190 4242 4172 4222 4426 44.42
13 62.80 61.60 61.88 61.12 62.68 6132 6264 62.00 63.08 61.80
14 32.38 3114 3254 3094 3240 3134 3278 3166 37.80 37.10
15 7552 7620 7542 7560 7580 7578 76.34 76.26 8432 84.14

* Cases of the location parameter arrangements are given on page 38
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Table 5.104. Percentage of Rejection for k = 4; Exponential Distribution: Block = 8 and n = 32

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 4.98 5.36 5.10 5.38 5.00 5.38 5.22 5.20 4.92 5.42
2 65.38 6494 6534 6436 64.82 6348 63.72 6258 6196 61.48
3 63.32 6310 63.06 62.62 6332 63.06 6106 61.24 60.38 59.80
4 55.04 55.02 5490 5446 5476 53.88 53.58 53.26 4496 45.10
5 86.96 87.20 86.58 86.68 86.78 86.50 87.00 87.18 95.84 94.90
6 9216 9150 9214 9116 9142 90.22 90.22 88.96 93.44 92.24
7 95.02 9414 9474 93.84 95.02 9356 9424 93.20 88.28 87.12
8 100.0 99.94 100.0 99.92 100.0 99.92 99.98 99.90 99.96 99.98
9 99.98 100.0 99.98 100.0 99.98 99.96 99.96 99.96 100.0 100.0
10 6432 6334 6392 6278 6424 63.22 6228 6142 6258 60.34
11 99.56 9956 99.52 99,52 99.38 99.32 99.18 98.98 99.78  99.76
12 7406 7450 7384 73.84 7328 7296 7248 7216 77.06 77.10
13 91.04 9116 90.80 90.80 90.60 89.82 90.46 89.16 92.38 91.60
14 59.66 59.22 5896 58.62 59.34 58.06 59.26 58.36 69.00 67.74
15 96.48 96.34 96.34 96.16 96.16 9566 9578 9538 99.14 99.02
* Cases of the location parameter arrangements are given on page 38
Table 5.105. Percentage of Rejection for k = 4; T-Distribution: Block = 8 and n = 32
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 4.82 5.36 5.02 5.38 4.78 5.32 4.78 5.26 5.02 5.20
2 2648 2618 26.36 2592 26.36 2590 26.26 25.76 24.64 23.96
3 27.66  26.78 27.26 2642 27.74 26.66 26.84 25.64 26.46 24.84
4 23.96 2370 2366 2330 2392 2338 2380 2336 2046 19.60
5 4552 4462 4512 4426 4566 4466 46.26 4524 5572 54.32
6 48.62 47.86 4798 47.68 48,52 47.72 4754 4712 48.82 49.14
7 56.86 5494 56.16 5422 56.98 5456 55.60 54.28 4574 44.82
8 90.56 90.70 90.34 90.38 90.46 90.46 90.82 91.14 87.20 87.10
9 9294 93.00 9276 9268 9296 9270 9266 9236 93.94 93.36
10 2694 2648 2658 26.22 2710 26.36 2594 2586 2518 25.04
11 75.34 7484 7488 7428 7524 7430 7498 7410 77.70 77.16
12 3230 3242 3192 3210 3238 3184 3232 3176 33.62 3342
13 46.58 47.06 4690 46.66 46.68 46.56 47.00 46.82 46.92 46.82
14 2518 2468 2474 2436 2504 2448 2496 2480 2932 28.52
15 59.90 59.32 59.18 5890 60.08 59.14 60.70 59.56 69.20 68.32

* Cases of the location parameter arrangements are given on page 38
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Table 5.106. Percentage of Rejection for k = 5; Normal Distribution: Block =4 and n = 16

Method
Case* Cy C2 T1 T2 T3 Ty Ts Te T7 Ts
1 5.22 5.08 5.12 5.20 5.20 5.06 5.12 5.08 5.08 4.90
2 33.38 3322 3326 3244 3346 3254 3366 3238 30.68 29.50
3 30.56 2980 30.50 29.28 30.80 29.28 31.04 29.38 3340 31.82
4 34.24 34.36 33.78 33.32 34.44 33.36 35.26 34.50 44.38 42.94
5 23.58 23.18 23.28 22.66 23.36 22.84 22.64 22.12 20.82 21.50
6 28.52 28.02 28.26 27.60 28.40 27.52 28.10 26.60 28.32 27.58
7 3956 38.64 39.46 37.82 39.42 3774 39.18 3790 35.86 33.26
8 45.86 47.90 45.32 46.74 46.00 46.84 45.72 46.50 54.28 54.82
9 3742 36.64 3694 3590 37.30 36.06 36.24 3496 39.26 38.30
10 47.14 46.74 46.78 45.68 47.12 45.88 46.54 45.82 46.24 45.78
11 22.72 22.82 22.24 22.72 22.68 22.60 22.98 22.70 26.40 26.60
12 65.14 64.66 63.98 63.18 65.02 63.44 65.84 64.02 75.52 73.48
13 6798 6792 68.00 ©66.68 68.36 67.06 66.90 65.76 68.28 67.22
14 39.10 3946 38.74 3834 39.28 38,56 38.62 38.06 32.08 31.34
15 43.02 43.24 42.00 4196 43.04 4212  42.10 41.06 38.56 38.24

* Cases of the location parameter arrangements are given on page 38

Table 5.107. Percentage of Rejection for k = 5; Exponential Distribution: Block =4 and n = 16

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 5.40 5.46 5.60 5.28 5.42 5.36 5.44 5.50 5.56 5.68
2 64.46 64.14 64.22 6246 63.76 6158 6264 6056 58.66 58.38
3 56.76 56.96 56.52 5554 56.36 54.82 5548 54.04 61.04 60.06
4 55.78 56.34 55.02 55.06 55.98 55.32 57.52 57.26 71.62 71.70
5 44,12 45,56 4390 44.32 44.08 43.92 4224 42.28 41.00 40.44
6 51.42 5136 51.08 50.32 51.06 50.00 4982 48.66 5214 51.80
7 70.72 7064 70.68 6954 69.98 68.34 6882 67.38 63.20 61.44
8 77.26 78.70 77.22 77.46 76.44 76.00 75.14 74.90 85.86 85.10
9 64.32 64.98 64.02 63.44 64.66 63.50 62.92 61.66 68.34 68.00
10 77.68 79.24 77.56 77.78 77.00 76.46 75.90 75.52 77.74 77.20
11 39.84 40.20 39.40 38.98 39.84 38.92  40.26 39.12 47.96 47.76
12 89.38 89.38 88.98 88.40 88.50 86.90 87.68 86.58 96.48 95.94
13 92.50 92.72 92.60 91.84 92.36 91.82 90.96 90.18 92.92 92.38
14 69.80 70.24 69.94 68.92 69.48 68.26 68.50 67.18 57.90 57.06
15 71.72 72.12 71.24 70.62 71.10 70.36 68.90 68.28 66.38 65.60

* Cases of the location parameter arrangements are given on page 38
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Table 5.108. Percentage of Rejection for k = 5; T-Distribution: Block =4 and n = 16

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 5.22 5.22 5.36 5.20 5.30 5.18 5.10 5.10 4.92 4.92
2 26.84 2718 2690 2690 26.66 26.78 26.32 26.40 2458 24.48
3 2346 23.04 2324 2266 2326 2274 2332 2278 26.00 24.58
4 2576 2598 2546 2560 2590 25.66 26.68 26.54 33.28 33.02
5 18.60 1942 18.62 19.18 1834 1920 1784 1894 17.44 17.88
6 2178 2148 2176 2142 21.78 2144 2120 2114 21.74 21.46
7 3042 30.66 3054 29.74 30.34 29.74 3024 2950 26.84 26.60
8 36.58 36.72 36.36 36.12 36.78 3586 36.50 3554 42.00 41.74
9 28.24 28.06 28.00 2758 2838 2764 27.70 26.78 30.54 29.34
10 3512 36.00 3494 3516 3514 3518 3522 3520 3554 3546
11 1780 1790 17.70 1766 17.78 1726 1766 1752 2110 20.54
12 48.80 48.22 4822 47.16 4846 47.06 48.32 47.18 57.34 56.50
13 53.80 53.68 5298 5222 5394 5242 53.02 5150 5458 52.32
14 3114 29.82 30.62 29.04 3092 2894 30.18 2810 2480 23.46
15 3268 33.00 3220 3224 3256 3250 32.00 31.80 29.06 29.18
* Cases of the location parameter arrangements are given on page 38
Table 5.109. Percentage of Rejection for k = 5; Normal Distribution: Block =8 and n = 16
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 4.64 4.80 5.00 4.76 4.76 4.68 4.74 4.84 4.92 4.94
2 4172 3574 4174 3410 4164 3392 4138 3394 3740 31.84
3 35.68 31.22 3526 30.18 3544 30.02 3528 2988 3816 32.94
4 40.66 3640 3996 3518 40.78 3488 4180 36.18 53.48 4554
5 28.64 25.64 28.08 2472 2894 2496 2814 2436 26.70 23.26
6 33.14 2932 3296 2828 33.02 2786 3196 27.32 3252 27.24
7 46.34 4120 4558 39.36 46.12 39.60 46.32 39.78 40.60 34.32
8 54.82 4854 5442 46,52 54.82 46.36 55.00 46.42 63.06 53.68
9 4354 39.10 4336 3732 43776 3716 4274 36,52 46.88 39.18
10 55.34 50.14 5460 47.70 5570 4792 5528 4782 5552 47.50
11 26.56 2294 2624 2188 26,76 2194 27.02 2216 3146 26.08
12 7244 6578 7206 6298 7272 63.02 73.08 63.90 8322 7432
13 7856 7124 7752 68.72 7872 68.74 7774 6718 7832 69.04
14 46.72 4134 46.22 3954 46.86 39.60 46.08 39.00 38.48 32.68
15 50.26 43.62 4950 4170 5054 4172 49.14 4102 4578 38.58

* Cases of the location parameter arrangements are given on page 38
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Table 5.110. Percentage of Rejection for k = 5; Exponential Distribution: Block = 8 and n = 16

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 5.36 5.50 5.38 5.62 5.32 5.68 5.34 5.76 5.26 5.66
2 72.70 6586 7238 6320 7186 6188 70.64 6044 67.66 57.70
3 65.24 58.00 65.00 55.34 64.62 5418 63.38 53.88 70.02 60.02
4 6520 5794 6430 5516 6494 5560 67.08 58.12 8152 72.82
5 53.64 4736 53.72 4556 53.38 4512 51.04 4354 49.82 41.76
6 60.44 56.08 60.00 53.46 6046 53.12 59.16 51.90 61.16 53.02
7 78.74 7148 7840 6932 7794 6816 7714 6726 71.78 62.18
8 8532 79.98 8552 7756 8476 76.42 8382 7582 9236 85.36
9 7496 6750 7444 6478 7482 6478 7290 63.32 78.88 68.60
10 86.72 80.92 86.88 7828 8630 77.14 8486 7630 87.16 79.00
11 46.32 4110 4554 39.38 46.08 39.42 4596 39.58 55.14 47.02
12 9438 9144 9444 89.62 9410 8834 9362 87.96 98.62 96.12
13 97.06 9418 96.62 92.74 96.82 9232 96.00 91.06 97.18 92.54
14 78.12 7200 7824 69.76 77.76 69.04 76.34 6780 68.16 59.12
15 8122 7466 81.02 7208 81.04 7114 7886 6958 76.86 67.16
* Cases of the location parameter arrangements are given on page 38
Table 5.111. Percentage of Rejection for k = 5; T-Distribution: Block =8 and n = 16
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 5.28 5.14 5.40 5.22 5.36 5.04 5.40 5.26 5.32 4.90
2 30.70 2722 3046 2658 30.60 26.04 30.66 26.28 27.52 24.64
3 27.88 2534 27.06 2438 27.68 2436 2782 2442 29.68 25.90
4 31.14 2840 30.66 27.30 3112 26.82 3230 27.72 3948 34.36
5 2298 2032 2266 1950 23.30 1948 2272 1914 2130 18.56
6 2592 2330 2574 2230 26.12 2228 2568 21.92 25.84 22.34
7 3542 3258 3528 3098 3562 3114 3542 3128 3154 2754
8 4146 36.60 40.76 3496 4154 3508 41.64 35.04 4832 41.12
9 32.68 29.04 3276 2764 3272 2782 3194 2694 3464 29.36
10 42.18 3740 4184 36.16 4232 3594 4186 3548 41.80 3554
11 1954 178 1938 1738 19.72 1736 19.84 17.24 2260 20.10
12 57.34 5118 56.84 49.26 5744 49.06 57.26 4984 6840 59.12
13 62.66 5558 61.82 5338 6274 5352 6126 5230 61.64 53.18
14 36.38 31.78 3652 3056 3638 3028 3572 30.08 29.12 24.68
15 38.08 3394 3734 3260 3796 3224 3688 3162 3430 29.50

* Cases of the location parameter arrangements are given on page 38
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Table 5.112. Percentage of Rejection for k = 5; Normal Distribution: Block = 4 and n = 32

Method
Case* Cy C2 T1 T2 T3 Ty Ts Te T7 Ts
1 4,98 4,94 4,92 4,90 4,92 4.90 5.02 4.94 5.10 5.04
2 49.26 5358 48.36 53.36 49.26 53.48 49.06 53,50 4520 48.38
3 43.12 48.22 43.20 48.18 43.12 48.26  42.88 48.30 46.28 51.40
4 48.12 52.98 48.24 52.72 48.50 53.18 49.94 55.12 61.96 67.50
5 33.16 3746 3298 37.26 33.14 37.76 3232 36.32 30.34 34.30
6 39.16 4406 3958 43.78 39.60 4398 38.76 43.02 39.88 43.64
7 56.18 61.44 55.90 61.24 56.22 61.00 55.82 61.34 50.10 54.22
8 65.18 70.76 64.90 70.36 65.30 70.54 64.64 70.32 72.52 78.52
9 53.30 5758 5270 5738 53.34 5730 5158 56.34 56.12 60.58
10 65.10 70.64 64.30 70.18 64.92 70.32 64.88 70.24 64.62 69.50
11 29.86 3330 30.08 33.32 29.92 33.24 2992 3352 3574 4044
12 8248 86.96 8190 86.70 82.64 86.84 8298 87.38 90.58 94.00
13 86.86 91.32 86.70 91.08 86.86 91.06 8572 90.44 87.04 91.26
14 57.12 62.12 56.24 61.86 57.14 61.84 55.72 61.14 46.34 50.70
15 59.50 65.20 59.32 64.96 59.80 64.94 58.64 63.72 54.44 60.24

* Cases of the location parameter arrangements are given on page 38

Table 5.113. Percentage of Rejection for k = 5; Exponential Distribution: Block = 4 and n = 32

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 5.50 5.02 5.34 5.06 5.52 5.10 5.24 4.86 5.22 5.10
2 8296 87.14 8278 8690 8218 8580 81.12 8498 7894 83.48
3 75.66 81.78 74.86 81.50 74.56 80.64 74.04 79.94 79.44 85.92
4 76.22 8162 7586 8142 76.14 81.08 7792 8292 90.14 93.88
5 61.82 6752 62.04 67.12 61.32 67.08 5948 65.28 57.66 62.70
6 72.00 77.36 71.68 77.10 71.76 76.48 70.10 75.22 71.72 76.22
7 86.92 91.08 87.12 9084 86.28 89.86 8526 89.14 8158 86.70
8 92.64 96.18 9294 96.04 91.86 9510 91.38 94.44 97.22 98.70
9 83.28 88.36 83.26 88.26 83.38 88.28 81.80 87.14 87.28 91.12
10 92.66 95,92 92.68 95.74 92.06 95.44 91.00 94.96 93.52 96.16
11 56.32 62.42 55.98 62.04 55.90 60.76 55.90 61.02 66.32 73.06
12 98.54 99.50 98.88 99.46 98.26 99.24 98.06 99.24 99.76 99.94
13 98.86 99.50 98.90 99.50 98.78 99.50 98.52 99.32 99.10 99.64
14 86.34 90.00 85.76 89.78 85.74 89.42 84.44 88.48 76.86 81.90
15 89.50 92.34 89.26 92.20 89.02 91.82 87.42 90.94 85.58 89.66

* Cases of the location parameter arrangements are given on page 38
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Table 5.114. Percentage of Rejection for k = 5; T-Distribution: Block = 4 and n = 32

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 4.72 5.08 4.72 5.12 4.70 5.00 4.62 4.94 5.24 4.88
2 37.36 40.74 36.84 40.68 37.22 40.30 36.90 40.20 3452 37.70
3 3416 36.34 3346 36.16 34.04 36.08 3422 3656 36.42 39.10
4 37.02 4020 36.22 40.04 37.00 40.00 3856 4132 47.36 51.48
5 2548 2838 2534 2822 2566 2824 2480 2758 2398 26.58
6 29.72 3326 2954 33.06 29.74 3340 2924 3250 29.84 33.04
7 4222 46.92 4186 46.52 42.08 46.70 42.00 47.06 37.00 40.48
8 50.10 53.60 49.98 53.36 49.94 5356 49.68 53.40 57.80 61.62
9 40.18 4430 39.66 4410 40.08 44.44 39.16 43.14 4226 47.06
10 50.96 53.84 50.00 5346 50.92 5354 50.60 53.30 49.88 53.38
11 23.12 26.04 23.60 26.04 2318 2598 2330 26.26 2742 30.88
12 67.10 72.08 66.36 7166 67.02 7152 67.32 7208 7722 8220
13 7198 7724 7208 7696 7208 7732 7100 76.10 7148 77.44
14 4154 46.86 40.70 46.64 4140 46.80 40.62 4594 3458 38.12
15 46.06 48.88 4582 48.72 4592 4884 4452 48.06 41.62 44.88
* Cases of the location parameter arrangements are given on page 38
Table 5.115. Percentage of Rejection for k = 5; Normal Distribution: Block =8 and n = 32
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 4.68 4.66 4.66 4.70 4.66 4.58 4.66 4.70 4.64 4.82
2 56.44 5536 56.22 54.62 56.58 5476 56.36 5452 5156 50.12
3 49.14 47.68 48.88 46.96 49.08 46.86 4850 46.78 52.78 51.36
4 5526 5466 5486 53.96 5548 5440 5724 56.40 70.52 68.82
5 38.00 36.72 3748 36.22 3768 36.16 36.86 3496 3544 33.80
6 4512 4326 44.10 4278 4502 4286 4356 4210 4446 42.72
7 6244 6124 6224 6044 6256 60.60 6192 60.66 53.76 53.44
8 73.06 7190 7248 7082 7286 7090 7256 7112 80.74 79.10
9 59.02 5826 5830 57.46 59.18 57.66 5754 56.62 62.16 60.90
10 7194 7204 7172 7144 7204 7136 7162 7132 7154 70.04
11 33.30 3388 3294 3356 3328 3370 3360 3386 39.74 39.84
12 88.44 87.78 88.20 87.28 8854 8724 8890 88.14 9472 93.92
13 91.36 90.92 91.06 90.60 91.38 90.54 90.60 89.98 91.42 90.24
14 6246 60.86 62.16 60.44 62.64 6054 6132 59.32 51.06 50.24
15 66.30 6490 6590 64.10 66.18 64.14 6508 62.72 60.34 59.28

* Cases of the location parameter arrangements are given on page 38
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Table 5.116. Percentage of Rejection for k = 5; Exponential Distribution: Block = 8 and n = 32

Method
Case* Ci C2 T1 T T3 Ty Ts Ts Tz Ts
1 5.06 4.94 5.14 5.02 5.12 5.04 5.12 4.94 5.14 5.36
2 88.66 86.90 88.26 86.32 87.76 8568 86.92 84.96 8494 82.88
3 82.10 8232 81.78 8154 8112 8030 80.12 79.78 86.86 86.18
4 8256 8294 8228 8238 8260 8204 8444 8350 9478 94.50
5 69.42 68.66 68.74 68.00 6890 6742 67.18 6570 6454 64.36
6 7730 7646 76.76 75.68 77.20 7536 7542 7402 77.84 75.86
7 9240 91.74 9262 91.38 91.82 90.38 91.14 89.90 88.36 87.24
8 96.60 96.40 96.60 96.08 96.22 9532 9572 9496 99.06 98.70
9 89.58 89.24 89.18 88.78 89.38 88.64 8810 87.26 9194 91.62
10 96.10 96.18 96.08 95.86 95.82 9520 9524 9464 96.36 96.26
11 62.54 63.02 6214 6238 62.08 6162 6200 6184 7410 72.88
12 99.20 99.22 99.18 99.14 99.00 98.74 98.98 98.68 99.96 99.94
13 99.60 99.58 99.62 99.58 99.58 99.50 99.50 99.34 99.72  99.56
14 91.88 91.36 91.64 90.88 9152 90.58 90.52 89.74 84.88 82.70
15 9420 9410 9394 93.78 9394 93.04 9276 92.08 91.26 90.74
* Cases of the location parameter arrangements are given on page 38
Table 5.117. Percentage of Rejection for k = 5; T-Distribution: Block = 8 and n = 32
Method
Case* Ci C. T1 T T3 T4 Ts Te T7 Ts
1 4,54 5.14 4.62 5.06 4.54 5.30 4.64 5.26 5.06 5.14
2 43.44 4246 4264 42.06 4334 4192 4294 4154 39.22 3842
3 36.18 3596 3564 3552 36.00 3570 36.28 3598 39.24 38.34
4 41.04 4114 40.80 40.44 4122 4040 4218 42,00 53.74 5292
5 28.82 2814 2846 27.78 29.02 28.02 2846 27.18 2698 25.58
6 3346 3346 3294 3298 3350 3296 3274 3250 33.62 33.00
7 46.38 46.36 46.28 4572 46.18 46.06 46.28 46.30 40.14  40.02
8 56.16 54.76 5596 54.16 56.02 54.04 55.64 5422 6440 62.94
9 43.82 4376 4352 4322 4394 43.64 4264 4262 4744  46.42
10 57.38 55.68 56.96 5514 5746 5488 5694 5512 5594 54.60
11 2692 26.70 2686 2636 2690 2650 26.78 2720 3194 3192
12 7398 7286 7340 7214 7422 7210 7462 7260 8424 8170
13 7950 7780 7930 7710 7948 77.00 7826 7580 78.70 76.88
14 4896 4732 48.10 46.64 48.86 46.46 47.64 4584 40.04 38.12
15 5196 5120 51.06 50.60 5186 50.60 5048 4948 46.74 4550

* Cases of the location parameter arrangements are given on page 38
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5.3. Unequal Sample Sizes for the CRD

Throughout the previous sections we have discussed the performance of our proposed
methods when we have equal sample sizes in the CRD portion. In this section, we discuss the
results of the simulation study with various sample sizes in the CRD portion. The results are
presented in different sections based on the proportions of the RCBD portion to the CRD portion.

Table 5.118 through Table 5.126 represent the results of the proposed methods in terms of
the estimated levels of significance and the estimated powers for the normal, exponential, and
student's t distributions for three treatments (k = 3) when the proportion of the RCBD portion is
larger than the CRD portion. Similarly, Table 5.127 though Table 5.144 represent the results for
four treatments (k = 4) and Table 5.145 though Table 5.162 represent the results for five treatments
(k =5). Moreover, In Sec. 5.3.2, Table 5.163 through Table 5.171 represent the estimated powers
along with the levels of significance of the proposed methods for three treatments (k = 3) for the
three underlying distributions when the proportion of the RCBD portion is equal to the CRD
portion. Similarly, Table 5.172 though Table 5.180 represent the results for four treatments (k = 4)
and Table 5.181 though Table 5.189 represent the results for five treatments (k = 5).

In Sec. 5.3.3, the estimated powers along with the levels of significance for the proposed
methods are presented when the number of blocks in RCBD portion is smaller than the sample size
in the CRD portion. Results are given in Table 5.190 through Table 5.198 for three treatments (k
= 3). Table 5.199 through Table 5.207 give the results for four treatments (k = 4). Table 5.208
through Table 5.216 give the results for five treatments (k = 5). For each treatment combination,
the number of blocks in the RCBD portion are 8, 16, and 32. The corresponding sample sizes for
the CRD portion vary from 4 to 20. In addition, the proportion among the sample sizes are 1/5,

1/4, and 1/2.
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5.3.1. Portion of the RCBD is larger than the CRD

Since our proposed methods are new, it isa common practice to examine their performance
considering the power of each method along with the corresponding level of significance. Here,
we discuss in detail the results of the simulation study when the proportion of the number of blocks
in the RCBD portion is larger than the sample size in the CRD portion. In terms of the level of
significance (o), all the proposed methods maintain their type-1 error. This is valid for k = 3, 4 and
5 regardless of the underlying distribution. However, the estimated powers reveal some differences
among the test statistics.

For k = 3, the results show that when the sample sizes follow nonincreasing pattern (e.g.,
ny = 8 and n2 = n3 = 4), the proposed methods Ty, Ts, Ts, T7 including C1 have approximately the
same estimated powers. This occurs in many cases such as (0.05, 0.25, 0.5), (0, 0.5, 1) and (0.2,
0.5, 0.8). However, when the last two location parameters have the same shift such as (0, 0.5, 0.5),
the results show that the proposed methods Ti, Tz, Ts including Cy are comparable. Otherwise, T7
has the highest estimated powers. Further, these results are also applicable when the sample sizes
follow umbrella and nondecreasing patterns. It is of note that the proposed methods tend be more
powerful under the nondecreasing pattern for the sample sizes in the CRD portion.

For k = 4, the results also indicate that T1, Ts, Ts, and T7 have approximately the same
estimated powers when the sample sizes follow nonincreasing pattern. More specifically, this can
be seen when the first two parameters have no shift and the last two parameters have the same
equal shift such as (0, 0, 0.25, 0.25) and when the distance doubles each time such as (0, 0.05,
0.15, 0.35). However, when the last two parameters are equal and the first two are different such
as (0, 0.25, 0.5, 0.5) and when the parameters are equally distant such as (0, 0.1, 0.2, 0.3), T7

becomes less powerful (see Tables 5.127-5.144). Other than that, T7 has the highest estimated

110



powers. The results are applicable when the sample sizes follow nondecreasing pattern as well.
However, an exception arises regarding the umbrella pattern. An exception occurs when the
location parameter arrangements are equally distant, T turns out to have approximately the same
estimated powers with Ty, T3, Tsand Ca.

For k = 5, when the location parameter arrangements follow a nonincreasing pattern (e.g.,
Block = 16, n1 =8 and nz = n3 = ns=ns = 4), we observe that Ty, T3, Ts, T7, C1 and Cz are equivalent
in terms of the estimated powers. For example, when the 2" and the 3™ parameters have the same
shifts and the 3" and the 4™ also have the same shifts parameters such as (0, 0.05, 0.05, 0.3, 0.3).We
also note that under almost half of the location parameter arrangements considered, T7 is
significantly higher than the others, for example, when the first three parameters are the same and
the last two are distinct such as (0, 0, 0, 0.25, 0.5). However, when we doubled the number of
blocks in the RCBD portion (e.g., Block = 32, n1 = 8 and n2 = n3 = ns = ns = 4), we notice that both
T7 and C, are considerably more powerful than others (see Tables 5.154-5.156). The same results
are applicable to the umbrella and the nondecreasing patterns for the sample sizes in the CRD

portion.
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Table 5.118. Percentage of Rejection for k = 3; Normal Distribution: Block =16, ny =8 and n; =
nzs=4

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 4.86 5.04 5.04 5.52 5.04 4.78 4.92 4.80 4.70 4.24

36.34 3030 3588 2792 3810 29.22 3882 29.88 43.88 34.00
3 4332 3730 4232 3582 4238 33.88 41.28 3246 33.98 29.48
4 3428 2894 3380 2710 3458 27.08 3496 26.76 35.08 28.28
5 39.90 3322 3940 31.74 3990 3030 39.28 29.78 36.86 30.22
6 80.90 70.76 79.84 6396 8352 66.98 84.08 68.92 89.06 76.86
7 89.08 8346 88.78 79.12 8844 7636 8720 73.66 77.24 67.16
8 86.90 79.50 86.12 7392 8728 73.06 86.86 7210 85.68 73.54
9 36.24 2948 3532 2748 37.80 2854 3852 28.64 4268 33.22
10 4396 3820 4352 36.40 43.28 3440 42.08 3320 35.08 30.56
11 79.36 7058 79.02 65.86 79.82 6496 79.12 6450 79.30 66.26
12 48.94 4118 4842 38.14 49.78 38.34 4958 38.06 51.00 41.50
13 39.84 3388 3924 3206 40.00 3124 40.04 31.04 38.78 31.88
14 49.60 4234 4920 3994 5048 38.86 49.62 37.98 48.48 39.42
15 67.68 56.86 67.32 51.66 69.58 53.08 69.72 53.76 74.42 59.76

* Cases of the location parameter arrangements are given on page 38

Table 5.119. Percentage of Rejection for k = 3; Exponential Distribution: Block = 16, n; = 8 and
n=n3=4

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 5.06 4.56 4.94 5.10 5.22 5.08 5.06 5.10 5.14 5.26

58.74  48.02 57.44 4266 6090 4432 6156 4564 68.70 53.56
3 66.90 60.26 66.02 57.14 65.84 5410 64.64 51.76 54.02 46.72
4 60.44 52.02 61.12 48.64 60.44 46.88 59.32 4514 60.64 48.22
5 67.92 59.34 6822 5550 67.74 53.02 6590 50.78 6490 51.96
6 9516 88.42 9486 8288 96.18 8558 96.46 87.06 98.74 93.60
7 97.10 9466 96.84 9276 97.06 9122 96.96 90.12 9118 84.04
8 97.82 9568 98.04 9342 9774 9196 9732 9100 9798 93.74
9 58.24 4810 57.84 4344 60.66 4538 61.72 46.84 69.88 54.08
10 6794 6132 6778 58.06 66.70 5524 6578 52.72 5582 47.58
11 96.12 9158 96.16 88.66 96.18 87.26 9570 8590 96.70 89.14
12 7752 6810 7782 6316 7842 6164 76.66 60.72 80.16 66.70
13 67.12 5890 6750 5466 6742 5290 6630 5136 66.18 54.50
14 7956 7136 79.88 67.02 79.68 65.02 7810 6284 78.72 66.24
15 90.00 81.76 89.78 7534 9090 76.66 90.96 77.00 9468 84.46

* Cases of the location parameter arrangements are given on page 38
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Table 5.120. Percentage of Rejection for k = 3; T-Distribution: Block =16, ni=8andn, =n3 =4

Method

Case* C1 C» T1 T> Ts Ta Ts Ts T Ts

1 4.68 4.16 4.80 4.86 4.76 4.62 4.80 4.64 4.88 4.66

28.00 2284 28.08 21.66 29.60 2202 29.70 2226 3290 25.78
3 31.86 27.48 3142 2710 3122 2526 30.22 2414 2450 22.36
4 2582 21.08 25.82 2048 25.80 20.00 2550 20.00 25.86 21.30
5 31.14 26.74 31.02 2548 31.06 2474 30.64 2460 29.92 25.28
6 65.48 55.08 6450 50.34 67.80 52.64 6898 5352 7444 60.52
7 73.78 6586 7296 6194 7264 5870 70.76 56.70 59.80 51.00
8 70.68 6242 7052 5796 71.24 5740 70.14 56.38 69.24 57.62
9 2790 2278 2714 2140 2878 21.78 2936 2246 31.78 25.84
10 3226 28.08 31.90 27.84 3166 26.14 3096 2472 25.88 23.32
11 62.54 5348 6232 49.64 63.00 4884 6248 47.90 62.04 49.88
12 3742 3058 36.68 28.86 38.00 2820 37.76 2842 3828 29.92
13 3820 3230 3796 3128 3802 3020 3736 29.60 37.28 30.22
14 30.94 2558 30.66 2448 31.04 2350 3048 2296 29.48 23.74
15 50.64 4256 50.04 3952 5236 40.24 5216 4056 57.08 45.42

* Cases of the location parameter arrangements are given on page 38

Table 5.121. Percentage of Rejection for k = 3; Normal Distribution: Block = 16, n1 =n3 =4 and
n,=8

Method

Case* C1 C T1 T> T3 Ts Ts Ts T7 Ts
1 5.02 4.70 5.12 5.44 5.08 4.84 5.06 5.18 5.18 5.60
35,86 2894 3534 2756 36.08 27.00 3594 29.62 4286 32.50
3 3554 2934 3536 2756 3586 26.62 3524 2910 26.78 20.94
4 32.68 26.78 3258 2528 3254 2460 3232 26.94 3204 25.02
5 36.00 2964 3554 2820 36.08 2730 3578 29.94 3314 2594
6 8152 7122 8050 6504 8188 66.26 81.76 70.32 89.46 76.46
7
8
9

8144 7140 80.82 6442 8184 6594 8172 70.08 64.10 48.04
8252 7266 8244 66.76 8268 67.34 8180 7036 80.62 65.26
37.28 3052 3654 2850 3762 28.04 3786 3116 43.60 34.30
10 36.68 29.68 36.54 2812 36.60 27.66 3640 29.82 2828 2198
11 7526 6460 7468 58.74 7552 5914 7508 63.34 7400 58.72
12 4750 38.84 4692 3548 4754 3544 4714 3880 48.60 36.98
13 36.88 30.02 36.22 2844 36.68 27.72 3592 30.12 3546 27.00
14 46.26  38.86 46.32 3558 46.84 3548 46.08 38.78 44.84 34.64
15 66.14 5482 6544 5030 66.34 5030 6596 5418 7298 57.60

* Cases of the location parameter arrangements are given on page 38
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Table 5.122. Percentage of Rejection for k = 3; Exponential Distribution: Block = 16, n1 = n3 = 4
andnz =8

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 5.30 5.16 5.36 5.66 5.14 5.36 5.26 5.52 5.00 5.34

59.48 4834 58.06 43.76 59.74 4432 60.10 49.16 69.60 53.78
3 59.24 4970 58.32 4556 59.58 4546 59.36 48.90 4428 33.80
4 55.68 46.96 55.44 4330 55.34 4246 5440 4522 5480 42.42
5 6430 5452 6450 5056 64.08 49.78 62.68 52.22 60.38 46.18
6 9452 88.40 9392 8220 9474 8372 9436 86.70 98.60 93.08
7 91.66 8416 90.66 78.06 9244 79.96 92.84 84.28 79.28 62.48
8 96.82 9210 96.86 88.16 96.68 87.66 9586 88.42 96.52 87.82
9 59.24 4844 5836 4320 59.82 44.02 59.56 4858 69.96 54.10
10 59.28 49.46 58.46 4494 5954 4498 59.68 48.86 4458 32.90
11 9422 8798 9444 8370 9398 8352 93.20 84.76 95.00 84.26
12 7480 6476 7554 59.98 7448 59.28 7290 6172 77.82 62.30
13 7422 6446 7440 59.32 7396 5880 7238 6110 7294 57.36
14 62.90 52,62 63.16 4820 62.66 47.02 6112 49.70 61.08 46.80
15 88.26 79.76 88.36 73.20 88.44 73.84 8744 7688 94.12 8294

* Cases of the location parameter arrangements are given on page 38

Table 5.123. Percentage of Rejection for k = 3; T-Distribution: Block =16, n1=nz=4andn, =8

Method

Case* C1 C T1 T> T3 Ts Ts Ts T7 Ts
1 5.36 4.70 5.36 5.24 5.60 454 5.46 5.12 5.52 5.38
2820 2346 2820 2262 28.10 2226 2784 2456 33.38 27.14
3 26.74 2216 2656 2140 26.92 20.34 2698 2274 2114 16.84
4 2472 1994 2454 1948 24.86 18.42 2410 1996 2398 19.18
5 26.66 2162 27.04 20.74 26.90 19.86 27.02 2234 2432 19.70
6 65.14 54.02 64.14 4952 6528 4938 65.02 53.84 7488 59.36
7
8
9

65.72 5476 64.68 49.88 66.26 50.18 66.04 5424 4920 37.20
66.42 56.76 6586 5182 66.42 5138 6596 5514 64.04 49.96
28.60 2416 2822 23.00 2896 2276 2924 2526 3292 2732
10 2750 2196 2712 2142 2774 2034 2780 2284 2080 16.90
11 58.68 49.46 5852 4502 58.92 4470 5786 48.06 57.32 43.94
12 3510 28.88 3532 2698 3570 2636 3556 2892 36.70 28.22
13 3516 28.76 3494 2646 3538 2610 3558 2854 3412 2598
14 2764 2316 2698 2262 2764 2158 2744 2370 26.02 2192
15 50.62 41.70 50.22 3852 50.74 38.02 5046 4176 56.04 44.38

* Cases of the location parameter arrangements are given on page 38
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Table 5.124. Percentage of Rejection for k = 3; Normal Distribution: Block = 16, ny =n, =4 and
n; =8

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 5.18 4.88 5.34 5.54 5.16 5.22 5.34 5.20 5.08 5.20

42.04 3624 4194 3466 4136 33.08 40.28 3140 47.06 36.84
3 3744 2998 36.74 2790 3872 28.74 3898 29.76 29.18 22.20
4 3486 29.20 3462 2752 3482 26.78 3472 26.02 3458 26.48
5 3854 3222 3822 3052 3884 3002 3846 30.10 3570 27.68
6 88.96 8326 88.76 7894 8830 7630 87.14 7380 93.02 83.06
7 81.06 71.00 80.58 63.46 83.36 66.62 84.02 68.28 67.76 49.78
8 85.64 78.02 8510 73.16 86.02 7252 8558 71.26 83.38 69.74
9 43.68 3754 4338 3570 43.16 3410 4174 32,62 4798 38.34
10 36.44 2948 36.04 27.70 37.64 2854 3814 2936 28.74 22.06
11 80.04 7176 79.66 67.04 80.28 6570 79.14 6464 7874 63.84
12 5152 44772 5154 42116 5116 40.82 50.62 39.74 5238 41.02
13 39.90 3342 3982 3168 3994 3084 39.14 30.82 3816 29.44
14 51.32 4340 5114 4036 5144 39.64 50.66 38.90 48.92 37.56
15 7432 6712 7332 63.04 7348 6032 7224 57.70 78.28 64.74

* Cases of the location parameter arrangements are given on page 38

Table 5.125. Percentage of Rejection for k = 3; Exponential Distribution: Block =16, ny=n; =4
andn3 =8

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 5.44 5.28 5.56 6.00 5.36 5.74 5.12 5.62 5.46 5.86

67.16 59.62 66.58 56.36 66.24 53.18 6500 51.16 73.72 59.76
3 57.80 49.04 56.72 4494 60.06 46.34 60.98 47.68 45.66 34.42
4 59.80 51.92 59.72 49.02 59.62 47.28 5824 46.54 59.18 46.48
5 65.78 5712 66.30 53.78 66.26 52.72 64.92 5158 62.26 48.56
6 9754 9522 9728 9264 97.18 90.06 96.36 87.68 98.94 94.98
7 9242 84.00 9138 77.88 9380 8048 9452 8184 8244 6552
8 97.40 93.78 9748 91.02 9722 8948 9650 87.12 97.20 88.28
9 68.12 60.12 6730 56.66 66.92 53.72 6524 5168 7452 60.08
10 58.70 4858 58.26 4442 60.62 46.18 61.70 47.60 4744 34.72
11 94.88 89.76 9516 86.16 9470 8436 93.64 8248 9472 84.16
12 7840 6990 78.78 66.12 77.72 6270 7578 60.62 79.72 64.80
13 66.08 57.96 6654 5382 66.38 5290 6468 5128 64.00 50.02
14 7770 6934 7792 6518 7740 6344 7594 6252 7576 61.56
15 9276 87.48 9250 8382 9142 8046 9024 77.72 9476 85.36

* Cases of the location parameter arrangements are given on page 38
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Table 5.126. Percentage of Rejection for k = 3; T-Distribution: Block =16, n1=n;=4andn3 =8

Method

Case* C1 C» T1 T> Ts Ta Ts Ts T Ts

1 4.72 4.36 4.72 5.18 4.66 4.80 4.46 4.70 4.60 5.12

32.76  27.66 32.04 2720 3218 2542 3120 2462 37.10 28.26
3 27.80 2314 2750 2256 28.80 2292 2952 23.68 21.76 19.00
4 27.82 2374 2752 2298 27.78 2200 2742 2158 27.72 21.90
5 29.92 2540 2994 2428 3058 2354 3030 2344 2782 2232
6 73.86 6656 72.88 6296 7276 59.94 7130 5754 7954 65.72
7 6482 5410 63.84 48.86 67.22 50.88 6798 52.62 51.76  38.48
8 7120 6296 7052 5830 71.36 57.30 70.96 56.00 68.94 54.24
9 3246 2794 3208 27.34 3144 26.18 31.02 2496 3580 28.66
10 28.20 2326 28.02 2230 29.02 2290 29.60 2342 23.02 18.60
11 65.06 56.66 64.78 53.20 65.38 5150 6456 50.56 63.76  50.04
12 3846 3280 3852 3150 3888 30.22 3832 2948 3950 30.50
13 30.34 2542 3034 2470 3074 2420 30.34 2444 2910 23.60
14 39.68 33.62 39.18 3214 3956 3164 3920 31.00 3894 29.90
15 57.82 50.60 56.80 47.34 57.02 4528 5540 43.74 61.26 49.26

* Cases of the location parameter arrangements are given on page 38

Table 5.127. Percentage of Rejection for k = 4; Normal Distribution: Block =16, ny =8 and n; =
Nns=ns=4

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 4.78 5.00 4.90 5.10 4.84 4.38 4.78 4.66 4.88 4.80

2324 2236 2254 1926 2330 1816 23.34 1828 2194 17.56
3 21.82 2092 2146 18.02 2230 1700 2188 17.00 21.86 17.80
4 19.86 19.52 1928 17.34 2010 16.00 19.72 1566 17.18 14.96
5 33.62 31.76 3246 2594 3458 2572 3588 2722 4270 32.86
6 39.34 3758 38.66 30.28 4040 30.12 40.64 30.32 4168 32.46
7 48.22 4648 47.18 39.54 48.04 37.16 46,58 36.02 39.66 32.88
8 86.36 84.72 8582 7480 8632 7290 86.68 7288 8246 71.02
9 8496 8280 8382 7054 8574 7038 8546 7044 87.04 74.68
10 2162 2070 21.38 18.06 2208 1736 2126 1698 2134 17.30
11 63.30 6050 61.70 48.82 63.92 4734 6402 4764 66.56 52.28
12 2744 26.84 2756 2286 2816 2194 2842 2212 2932 2354
13 3858 36.72 38.02 3054 3872 2950 3864 2988 39.16 3130
14 1966 1946 1914 1690 20.22 16.12 2030 16.32 23.12 19.04
15 4728 4584 4658 3568 49.02 36.00 50.04 37.02 57.14 4428

* Cases of the location parameter arrangements are given on page 38
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Table 5.128. Percentage of Rejection for k = 4; Exponential Distribution: Block = 16, n; = 8 and
N=nN3=ns=4

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 4.66 4.86 4.46 5.14 4.52 4.80 4.62 4.78 4.90 4.64

4212 4040 4178 3470 42.04 3236 4128 31.32 39.74 31.36
3 39.72 3750 38.62 30.84 4030 2996 38.82 29.24 3874 30.72
4 3590 3550 3538 30.02 3524 2758 3412 2652 30.00 24.36
5 5496 51.76 53.74 40.00 57.18 40.36 59.04 4236 69.94 53.54
6 6554 6256 65.14 51.14 66.20 49.50 64.88 4856 69.36 54.60
7 7848 7632 7712 66.24 77.78 63.66 76.28 60.94 67.70 56.38
8 97.82 9724 97.80 9282 9780 9116 97.62 90.26 97.36 91.64
9 98.16 97.60 98.10 9282 98.10 9172 97.78 90.70 98.98 95.34
10 40.44 3856 3986 3196 41.08 3048 39.22 29.62 39.82 31.28
11 89.66 87.72 89.36 77.30 90.14 7528 88.92 7456 9298 82.08
12 47.64 4564 47.16 37.24 4824 3568 4824 3552 50.52 38.76
13 67.86 6534 67.40 5426 68.06 5196 6752 5144 69.30 55.68
14 3556 3424 3466 26.70 36.78 26.18 37.08 26.86 42.62 31.40
15 73.92 7110 7326 5810 7532 57.74 7542 58.74 8510 69.92

* Cases of the location parameter arrangements are given on page 38

Table 5.129. Percentage of Rejection for k = 4; T-Distribution: Block = 16, ny =8 and n, =n3 =
ng=4

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 4.96 5.22 5.04 5.50 4.94 4.98 4.88 5.18 4.94 5.18

18.22 1778 1798 1496 1846 1392 1836 14.16 17.68 14.56
3 18.06 17.72 1794 1622 1846 1516 18.06 1496 17.38 15.12
4 1536 1570 1542 1416 1548 1356 1544 13.38 14.04 1264
5 27.00 2588 2654 2184 2776 20.78 2854 2142 33.04 26.08
6 2830 2722 2762 2280 2890 2158 29.00 21.66 29.82 22.84
7 35.66 3466 3492 2974 3570 2760 3482 2714 2888 2424
8 70.62 6840 6930 5840 70.06 5588 69.92 56.06 6572 53.96
9 69.40 67.26 68.60 5554 7080 5496 7056 5444 7238 59.10
10 17.08 16.68 1690 1482 1734 1412 1684 13.84 1718 14.34
11 49.88 4796 49.00 38.16 5056 37.32 50.68 37.82 52.80 4154
12 20.78 20.30 2056 1738 20.74 1654 20.72 16.78 21.66 18.08
13 30.34 29.64 2958 2480 3080 2410 30.74 2474 30.62 25.08
14 1560 15.00 1454 13.12 1558 1284 16.08 13.20 18.08 14.42
15 36.12 3432 3500 2682 3688 2688 3754 2774 4336 32.84

* Cases of the location parameter arrangements are given on page 38
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Table 5.130. Percentage of Rejection for k = 4; Normal Distribution: Block =16, n1 =n3s=ns =4
andn, =38

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 5.02 5.12 4.74 5.28 5.00 5.08 5.06 5.16 4.84 5.00

2162 2118 2110 1836 21.60 1760 2148 1852 20.04 16.08
3 2188 2110 2152 1790 21.74 1782 21.06 18.18 2098 16.72
4 18.30 18.00 18.02 1580 17.94 15116 17.78 15.62 1580 13.02
5 33.66 3210 3288 25.86 3510 2756 36.18 29.66 43.48 32.78
6 36.92 3512 36.34 2842 3734 2846 37.04 2936 38.72 28.82
7 4238 40.66 4154 3238 4170 3202 4086 33.08 33.86 25.74
8 80.20 7724 79.26 63.36 8058 6536 8128 68.16 7476 57.48
9 83.24 80.64 8226 68.86 84.00 70.62 8356 71.80 85.12 71.44
10 20.08 1946 1988 16.70 19.78 16.54 1942 16.48 1952 15.96
11 63.06 60.04 6194 4862 63.62 5032 63.64 5230 66.10 51.68
12 2444 2318 2418 1930 2480 1916 2474 20.16 26.48 19.66
13 36.50 34.64 3558 2838 37.08 29.18 3742 3048 36.92 28.18
14 2042 19.70 19.68 16.34 20.64 16.64 20.82 18.14 2434 18.02
15 4772 4528 46.86 36.06 4890 37.52 4952 40.34 57.48 43.42

* Cases of the location parameter arrangements are given on page 38

Table 5.131. Percentage of Rejection for k = 4; Exponential Distribution: Block = 16, ny = nz =
ng=4andn,=8

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 5.06 4.96 5.04 5.14 4.94 4.78 4.98 4.94 5.18 4.72

39.82 38.06 3958 3126 3936 3054 3842 3138 37.14 26.80
3 39.90 38.06 39.30 31.08 40.02 3110 3880 31.18 38.36 28.64
4 33.74 3218 3336 2676 3264 2530 3168 2550 2690 20.14
5 56.78 53.70 5514 4166 59.50 4546 60.50 50.00 71.40 54.46
6 66.34 6392 6526 53.00 66.64 53.26 6552 5358 68.68 53.44
7 73.00 7040 7226 59.00 7200 5732 7044 5724 60.86 46.16
8 9596 9472 96.04 86.84 9634 8760 96.16 88.92 9554 84.08
9 98.14 9734 9826 9176 98.00 9200 9746 9176 99.10 93.90
10 4040 39.10 3998 31.16 40.60 31.06 39.10 31.08 39.00 29.68
11 88.80 86.76 8894 7572 8938 7658 8828 7718 9236 78.80
12 4532 4322 4454 3506 4590 3530 4552 36.30 4852 3550
13 64.18 61.60 63.88 4950 64.72 5016 6434 5224 6552 49.12
14 3492 3362 3416 2732 3592 2834 3644 3004 4132 3094
15 7394 7092 7334 5816 7570 6082 7574 63.60 8528 68.90

* Cases of the location parameter arrangements are given on page 38
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Table 5.132. Percentage of Rejection for k = 4; T-Distribution: Block = 16, n1 =nz =ns = 4 and
n,=8

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 5.38 5.30 5.26 5.40 5.32 5.02 5.60 5.22 5.06 4.98

16.72 16.34 16.28 13.78 17.12 13.68 17.04 1422 1594 12.50
3 1756 1728 16.86 1524 1714 1482 16.58 14.82 16.80 14.42
4 1510 1468 1448 1286 1488 1250 1436 1262 1270 10.54
5 25.92 2514 25.02 2084 2696 2166 2798 2322 3320 25.46
6 27.86 27.04 2774 2244 2814 2190 28.04 2260 29.08 21.96
7 33.26 31.76 3260 26,52 3248 26.24 3182 2634 2636 21.70
8 65.06 6254 64.02 49.60 6528 50.48 6592 5242 58.72 44.04
9 68.90 65.62 68.06 54.06 69.10 5470 67.60 56.04 70.28 55.08
10 18.36  17.92 1822 1576 1840 1546 18.00 15.72 1746 14.72
11 46.90 4470 4584 3592 4780 37.12 4790 38.46 50.34 38.04
12 2036 19.70 19.80 16.62 20.68 16.58 20.08 17.24 20.64 16.54
13 26.82 2574 2624 2184 27.18 2164 2760 23.04 2748 21.20
14 16.92 16.24 1648 1416 1698 1394 1764 1476 19.72  15.50
15 36.68 3544 36.28 28.74 38.18 29.82 3844 31.72 4418 33.38

* Cases of the location parameter arrangements are given on page 38

Table 5.133. Percentage of Rejection for k = 4; Normal Distribution: Block =16, n1 =n,=n3=4
andns =8

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 4.60 4.70 4.58 4.96 4.72 4.26 4.72 4.44 4.72 4.74

23.32 2236 2242 1898 23.62 1800 2328 18.06 21.94 17.26
3 2246 2218 2190 1872 2292 1790 2206 1752 21.72 16.86
4 19.66 19.14 19.00 16.68 19.78 1576 19.78 1594 16.70 13.26
5 42.08 41.08 40.64 36.00 4092 3272 4036 31.76 50.14 39.16
6 4144 3996 40.26 33.26 4124 3136 4036 30.78 42.10 3172
7 43.64 4164 4268 33.84 4522 33.82 4470 3432 3492 26.34
8 85.38 83.62 8422 7366 8508 7142 8530 7144 80.18 66.14
9 87.84 86.12 8722 7698 88.04 7456 8698 73.10 88.66 75.80
10 2254 2188 2168 19.00 2272 18.08 2214 1752 2182 17.18
11 69.42 67.38 6858 5642 6892 5358 67.70 5256 70.84 54.96
12 2754 26,78 27.02 2338 2722 2178 2682 2156 28.68 22.04
13 4206 40.58 4118 3424 4164 3244 4180 3258 41.68 32.10
14 22,78 2232 2224 20.08 2244 1860 2204 1860 2578 20.98
15 56.26  55.06 55.22 4792 5484 4432 53.62 4240 62.74 50.82

* Cases of the location parameter arrangements are given on page 38
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Table 5.134. Percentage of Rejection for k = 4; Exponential Distribution: Block = 16, n1 = nz =

ns=4and ns=8

Method
Case* C1 C T T T3 T4 Ts Te T7 Ts
1 4,74 4,94 5.02 5.44 4,72 4.88 4.62 5.04 4,94 4,92
2 4240 41.10 42.20 34.72 42.64 33.66 41.88 33.16 39.04 29.98
3 40.08 38.16 39.38 31.34 40.62 30.86 39.66 30.28 38.12 27.88
4 34.88 33.38 34.24 27.34 35.20 26.72 35.26 26.88 28.26 21.90
5 69.58 68.32 6854 60.22 67.16 55.60 66.38 53.70 78.82 66.18
6 68.34 66.02 68.12 56.12 67.88 52.82 6586 51.24 69.52 53.48
7 71.58 68.74 70.70 58.04 72.84 56.92 72.44 56.28 60.64 46.14
8 9758 96.86 97.72 9200 97.32 89.46 96.68 88.04 97.10 88.18
9 9856 97.82 98.62 9388 98.26 91.62 97.34 89.30 98.72  93.26
10 38.10 36.40 36.92 29.94 39.08 29.70 38.22 2948 3552 27.00
11 91.86 90.86 92.28 8340 91.04 78.96 89.32 76.14 93.80 82.76
12 51.66 50.50 51.56 43.18 51.20 40.44 50.04 39.28 53.64  41.48
13 69.92 68.04 69.70 6010 69.24 56.38 67.74 54.76 70.70 56.88
14 40.42 39.16 39.70 34.00 39.02 31.24 38.38 30.52 45.56 36.24
15 82.96 81.52 82.70 73.56 81.56 69.20 79.54 66.76 89.08 77.44

* Cases of the location parameter arrangements are given on page 38

Table 5.135. Percentage of Rejection for k = 4; T-Distribution: Block = 16, n1 =n; =n3 =4 and

ns=8
Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 4,94 4,92 4,72 5.32 4.86 4,78 4.60 4.78 5.06 4.80
2 18.54 17.94 17.90 15.80 18.32 14.90 18.18 14.84 17.12 13.90
3 17.76 16.96 17.24 14.74 17.90 14.30 17.58 13.88 16.90 13.56
4 16.36 15.88 15.96 1410 16.44 13.88 16.30 13.74 1398 11.96
5 30.56 30.02 29.64 26.12 29.78 24.02 29.16 23.26 36.12 29.00
6 31.22 3006 3056 2540 3056 2422 30.10 24.06 31.84 24.38
7 33.62 32.22 3274 26.88 33.82 26.10 34.26 25.90 26.80 20.50
8 71.00 69.30 70.58 59.46 70.96 56.80 71.46 56.80 66.54 52.24
9 72.62 71.22 71.96 61.48 72.50 58.60 71.36 56.84 73.20 58.58
10 19.08 18.40 18.24 15.74 19.32 15.10 18.92 15.04 18.24 14.34
11 54.76 5270 5330 4476 54.02 42.00 5290 40.68 55.32 42.86
12 2244  22.08 21.74 19.96 22.24 18.36 22.18 18.50 23.58 18.58
13 32.78 31.82 3274 26.48 32.46 24.86  32.36 24.80 32.62 24.60
14 17.94 17.96 17.84 16.36 18.02 14.98 17.98 15.14 20.14 16.52
15 42.00 41.38 41.62 35.72 41.64 3294 4050 32.00 48.10 37.36

* Cases of the location parameter arrangements are given on page 38
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Table 5.136. Percentage of Rejection for k = 4; Normal Distribution: Block = 32, ny =8 and n; =
N3=ns=4

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 5.20 5.00 4.94 5.06 4.98 5.04 5.08 5.06 4.96 4.36

30.22 30.24 3020 25.02 29.78 2464 2946 2388 28.18 24.14
3 20.66 29.84 29.36 2498 30.28 2432 2910 2346 29.22 2498
4 26.00 26.20 25,58 2246 26.18 21.76 2594 21.30 2158 18.54
5 46.74 47,70 4532 36.38 4844 3650 50.36 38.26 58.52  48.50
6 51.98 5248 51.20 4280 53.02 4242 5268 4196 54.38 45.68
7 64.72 65.04 6426 5484 6436 5340 6272 51.10 53.60 45.78
8 96.42 96.72 96.00 90.32 96.28 89.36 96.38 88.80 93.84 88.06
9 96.24 96.48 95.60 89.44 96.44 89.20 9576 88.18 96.74 91.86
10 30.32 30.38 30.08 25.08 3092 2488 29.72 24.02 29.84 25.08
11 80.88 81.64 79.78 68.34 8160 6858 8198 68.10 83.86 74.20
12 35.66 3584 35.08 29.42 3650 2944 36.20 29.62 37.76 32.32
13 5146  52.04 51.32 4264 51.84 4198 5242 4272 5314 45.46
14 26.26 26,50 25.64 21.72 27.12 2152 2712 2138 31.00 2554
15 6444 6554 63.64 5216 66.02 5294 67.00 5342 75.08 64.56

* Cases of the location parameter arrangements are given on page 38

Table 5.137. Percentage of Rejection for k = 4; Exponential Distribution: Block = 32, n; = 8 and
n=n3=ns=4

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 4.86 4.76 4.96 4.92 4.82 4.64 4.86 4.60 4.76 4.76

56.48 57.26 56.56 47.24 56.74 4522 5556 43.02 53.34 45.00
3 53.08 53.84 52.04 4328 5424 43.06 5254 4102 5166 43.22
4 4958 50.02 49.26 4138 49.24 39.72 47774 3796 40.78 35.22
5 7556 76.74 7444 6110 7736 6230 79.14 6410 88.46 78.50
6 83.78 8440 8358 7264 8412 7140 8326 69.40 86.32 77.60
7 90.12 9058 8950 8220 90.02 80.68 88.88 78.34 8244 74.18
8 99.80 99.80 99.74 9892 99.72 98.62 99.74 9836 99.76  99.12
9 99.80 99.84 99.78 99.04 9980 98.78 99.76 98.28 99.96 99.64
10 55.40 56.00 53.82 44.72 56.10 4494 5440 4296 52.64 44.76
11 97.74 9792 9768 9286 97.76 9160 9742 90.54 98.92 96.06
12 64.14 6490 63.84 5358 6466 5214 6354 5098 68.02 58.38
13 84.04 85.02 8428 7370 8432 7158 8380 70.14 86.22 76.86
14 46.76 4758 4580 37.04 48.08 36.90 49.12 36.84 56.66 46.40
15 90.10 9096 89.92 7956 9096 7950 9086 79.56 96.50 91.30

* Cases of the location parameter arrangements are given on page 38
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Table 5.138. Percentage of Rejection for k = 4; T-Distribution: Block =32, n;=8and n, =n3 =

nis=4
Method
Case* C1 C T T T3 T4 Ts Te T7 Ts
1 5.58 5.44 5.82 5.64 5.46 5.28 5.44 5.32 5.40 5.40
2 23.14 23.28 23.34 20.08 23.40 19.36 23.00 19.32 21.82 19.02
3 23.94 23.96 23.52 20.34 23.96 20.28 23.36 19.52 23.24 20.02
4 21.06 20.66 20.84 18.50 20.86 17.84 20.62 17.42 17.48 16.14
5 3532 36.04 3504 29.04 36.66 29.52 3760 29.92 4552 37.74
6 41.08 41.20 40.62 33.86 41.26 3286 41.06 32.10 42.62 35.92
7 48.76 48,94  47.52 40.98 48.38 39.84 47.84 38.84 40.24  34.32
8 85.90 86.44 85.34 76.20 85.72 14.74 85.96 74.12 81.96 72.96
9 86.28 86.94 8546 7584 86.84 75.28 86.50 73.56 88.04  79.96
10 23.68 23.78 23.36 19.94 24.48 19.86 23.72 19.26 23.68 19.80
11 65.84 66.72 64.28 53.92 66.48 53.32 66.06 53.26 68.38  58.60
12 26.90 26.92 26.50 22.30 27.08 21.76 26.70 21.58 28.14 23.68
13 42.72 42.76 41.66 35.34 4294 3422 43.20 34.02 43.28 36.56
14 21.04 21.02 20.42 17.36 21.16 17.26 20.88 17.44 23.74 20.46
15 51.62 52.08 50.60 41.02 52.86 41.70 53.50 42.10 60.20 50.76

* Cases of the location parameter arrangements are given on page 38

Table 5.139. Percentage of Rejection for k = 4; Normal Distribution: Block = 32,

and n, =8
Method
Case* Ci C T1 T, T3 Ta Ts Ts T7 Ts
1 5.10 4,94 5.04 5.28 5.00 5.20 4,94 4.82 5.00 4.76
2 29.38 2958 28.76 2456  29.62 2558 2956 25.84 2756 22.46
3 29.36 2946 28.74 2348 2950 2482 28.06 2426 28.28 22.74
4 2438 2448 24.06 20.72 24.32 21.44 2404 2094 20.78 17.32
5 46,26 46.84 4540 36.06 4782 39.86 4886 4220 59.12 47.26
6 51.56 52.38 51.16 41.62 52.26 44,14 51.78 44.68 53.68 43.26
7 59.68 60.74 58.84  48.12 59.38 49.06 57.52 49.20 4734  37.92
8 94.18 94,98 93.42 84.88 94.62 87.34 94.84 88.94 91.20 80.56
9 95.58 96.10 95.14 87.90 95.86 90.00 95.70 90.64 96.20 89.68
10 30.14 30.22 29.76 24.50 29.86 25.36 28.46 24.64 28.44 23.10
11 79.68 80.92 78.96 67.06 80.58 70.64 80.62 71.64 82.54 70.76
12 34.66 35.06 34.12 28.58 35.16 29.80 35.04 30.28 36.56 29.66
13 50.78 51.34 50.04 41.10 51.42 43.42 52.08 44.46 52.02 41.44
14 26.74 27.06 26.68 22.26 27.78 23.82 27.80 24.30 31.74 25.86
15 64.62 65.60 63.56 52.84 66.28 56.84 66.72 58.44 74.32 62.82

* Cases of the location parameter arrangements are given on page 38
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Table 5.140. Percentage of Rejection for k = 4; Exponential Distribution: Block = 32, n1 = nz =

ng=4andn,=38

Method
Case* C1 C T T T3 T4 Ts Te T7 Ts
1 4,96 4,92 4,82 5.26 5.14 5.36 5.14 5.44 4,98 5.02
2 53.60 5410 53.28 4286 53.38 4490 5218 44.62 50.36  39.42
3 54.12 54.80 52.92 44.38 54.20 46.30 52.56 45.66 52.52 43.00
4 46,90 47.52 46.18 37.92 46.34 39.12 44.70 38.34 37.80 30.12
5 76.04 76.98 74.62 60.86 78.16 67.46 78.92 70.88 89.10 77.54
6 8298 8386 8282 7156 83.30 73.68 8158 73.42 86.56  74.46
7 87.42 88.08 87.24 77.60 87.18 78.76 85.56 78.32 78.12 67.32
8 9960 99.70 9958 97.72 99.66 98.24 99.56 98.36 99.46 97.10
9 9994 9994 9994 9914 99.90 99.38 99.84 99.20 99.98  99.40
10 5454 55.18 53.36 43.54 54.56 45.44 52.76 44 .84 53.14 42.78
11 9782 98.04 97.70 9262 98.00 93.80 9760 93.74 99.04 95.50
12 63.42 64.48 62.82 51.82 63.64 54.34 62.96 54.98 67.40 54.88
13 81.40 82.56 81.26 69.20 81.92 71.98 81.50 73.00 84.14 71.66
14 48.48 49.12 47.80 38.36  49.82 4198 49.76 43.28 58.04  46.44
15 90.78 9152 90.28 79.88 91.68 83.16 9144 84.56 97.06 90.52

* Cases of the location parameter arrangements are given on page 38

Table 5.141. Percentage of Rejection for k = 4; T-Distribution: Block = 32, n1 =nz =ns =4 and

n, =8
Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 5.18 5.04 4,96 5.20 5.14 5.32 5.40 5.18 5.18 5.10
2 2190 2186 21.68 18.68 22.14 1948 22.32 19.28 20.66 16.74
3 2246 2262 2234 1984 2296 20.18 22.06 19.68 22.76 18.94
4 19.02 1890 18.86 16.26  19.04 16.82 18.42 16.74 1562 13.56
5 36.32 36.60 3572 2968 37.32 3212 3824 3340 4538 36.62
6 3854 3884 3792 3082 39.04 3298 3862 33.40 4080 32.68
7 4744  47.88 46.82 38.86  46.96 39.86 45.68 39.54 37.90 31.20
8 82.02 82.70 81.36 69.88 82.24 72.54 82.32 74.22 77.04 64.06
9 85.22 86.00 84.54 73.48 85.62 76.56 84.80 77.14 86.68 75.70
10 23.30 23.28 23.28 20.20 23.58 20.42 22.64 20.06 22.34 18.92
11 64.12 65.00 62.98 51.68 65.06 54.94 64.34 55.96 66.98 54.92
12 24.54 24.72 24.22 20.38 24.72 21.36 24.92 21.56 26.26 21.16
13 38.22 38.56 37.62 31.18 38.82 33.54 39.02 34.08 39.56 31.90
14 21.38 21.38 21.20 18.10 21.92 19.52 22.00 19.94 24.50 19.60
15 49.06 49.92 48.02 38.90 50.12 41.96 50.76 43.66 58.48 46.52

* Cases of the location parameter arrangements are given on page 38
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Table 5.142. Percentage of Rejection for k = 4; Normal Distribution: Block =32, n1 =n,=n3=4
and ns=8

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 4.76 4.54 4.76 4.88 4.62 4.68 4.46 4.66 4.64 4.88

29.90 29.88 29.64 2458 30.02 23.84 29.68 2358 27.76 22.94
3 30.90 3116 30,52 2544 3132 2536 30.12 2436 29.32 23.84
4 2526 2512 2476 21.30 25.68 2116 2508 21.02 21.32 18.02
5 56.92 5752 56.16 4850 56.14 4594 5530 44.72 66.82 55.68
6 5542 56.02 54.64 46.36 55.32 4562 5428 43.90 56.32 44.86
7 61.04 62.00 59.92 4894 62.14 4886 61.22 48.44 50.02 38.82
8 96.20 9650 9554 89.80 96.14 88.46 96.00 88.04 93.72 84.40
9 96.86 97.28 96.68 91.88 97.06 90.94 96.54 8950 97.36 91.28
10 29.38 29.34 2820 23.62 2936 23.28 28.26 22.66 27.36 22.48
11 8420 8488 8338 73.78 8376 7216 8252 70.68 85.36 73.84
12 37.80 37.68 36.90 3160 3764 30.14 37.04 2958 39.26 31.84
13 55.68 55.64 5442 4712 5524 4576 54.82 4472 5570 45.20
14 30.68 30.70 30.48 26.46 30.38 2496 2984 2416 34.88 28.84
15 73.84 7450 73.02 6428 7324 6188 7232 60.34 8050 68.72

* Cases of the location parameter arrangements are given on page 38

Table 5.143. Percentage of Rejection for k = 4; Exponential Distribution: Block =32, ny =n; =
n3=4and n;=8

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 4.98 4.72 4.92 5.14 5.10 4.70 5.00 4.86 4.94 5.14

57.78 5840 57.20 48.34 58.00 46.72 56.72 4582 5376 43.18
3 54.64 5524 5350 4418 5522 4380 5346 42.04 5198 40.30
4 46.56 47.36 46.66 38.14 4760 38.06 46.60 37.68 37.82 30.08
5 8494 8502 8370 7650 8330 73.20 8238 70.84 9194 83.34
6 8496 8576 8470 7546 8442 7280 8260 70.16 86.26 73.56
7 86.76 8756 86.48 7578 8722 7542 86.72 7396 77.26 63.58
8 99.78 99.86 99.84 98.78 99.76 98.18 99.72 9752 99.76  97.66
9 99.86 9990 99.88 99.36 9984 98.72 99.76 9786 99.98 99.16
10 55.14 56.08 5418 4536 56.06 4492 5396 43.14 5240 41.60
11 98.44 98.72 9832 9536 9828 9356 9758 91.02 9890 95.32
12 6790 6840 6796 5798 6756 5532 6554 53.06 70.04 57.78
13 86.30 86.78 86.00 77.36 8528 7476 8446 7236 86.90 75.52
14 55.02 55.38 54.08 46.88 5416 4440 5320 43.60 6252 50.92
15 9464 9496 9434 8864 9358 8552 9254 8252 9766 9180

* Cases of the location parameter arrangements are given on page 38
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Table 5.144. Percentage of Rejection for k = 4; T-Distribution: Block = 32, n; =nz; =n3=4 and
ns=8

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 5.20 4.92 4.92 5.10 5.04 5.20 5.08 5.36 4.92 5.12

22,72 23.06 2278 19.72 23.08 19.12 2320 19.06 2156 17.90
3 23.76  23.60 23.02 1990 23.76 1946 22.66 18.62 2258 18.42
4 18.98 18.96 18.62 1582 1950 15.74 18.62 1578 1596 13.56
5 4282 4298 42.08 36.16 42.10 3462 4170 33.78 50.62 40.86
6 40.30 40.78 39.92 34.44 40.68 33.08 39.52 3212 4176 33.12
7 4780 4842 46.92 3846 48.68 3758 47.74 36.82 39.08 30.20
8 86.30 87.12 8570 76.10 86.28 7474 86.00 7410 81.86 69.94
9 88.10 88.86 87.44 7838 8794 7720 87.00 7520 8858 77.32
10 2312 2314 2268 19.16 2326 1894 2236 1834 2198 17.74
11 69.50 7024 68.34 5848 69.16 56.68 67.58 55.04 7154 58.62
12 28.80 28.68 28.46 2492 28.86 2432 2836 2382 29.60 24.50
13 4246 4266 41.00 34.74 4194 3378 42.00 3324 4246 34.28
14 23.36 2338 2316 1948 2332 1844 2288 18.00 26.12 21.04
15 56.58 57.32 56.04 48.46 55.70 4586 54.76 4412 63.96 53.02

* Cases of the location parameter arrangements are given on page 38

Table 5.145. Percentage of Rejection for k = 5; Normal Distribution: Block =16, ny =8 and n; =
N3=Ns=nNs=4

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 4.96 5.20 5.04 4.98 5.04 4.80 5.00 4.94 4.94 4.60

36.06 36.74 3542 2814 36.22 2720 3566 2696 32.80 26.74
3 30.00 30.70 29.36 24.10 30.24 2358 30.80 2342 32.82 26.44
4 31.96 3278 31.88 2460 33.06 2464 3494 2640 4204 33.70
5 2436 2498 2394 19.88 2440 1924 2402 18.76 23.10 19.06
6 28.84 2942 28.02 2260 29.26 2232 2846 2200 29.10 23.52
7 41.12 4188 4132 33.08 4158 3156 4124 3120 36.18 29.10
8 4392 4478 4312 3238 4522 3264 4532 3286 51.04 40.48
9 36.00 37.06 3544 2750 3652 2698 3586 2698 3936 3134
10 4576  46.60 4550 3572 46,56 35.00 46.04 3458 46.62 37.48
11 20.78 2152 2046 1678 2146 1630 2184 1650 2472 19.40
12 60.54 61.30 59.62 4524 6212 4578 6348 47.00 72.62 59.08
13 68.60 69.28 67.36 54.08 68.78 53.04 67.64 5200 68.06 5592
14 39.72 4070 3920 32.08 40.16 3140 3882 3050 3324 27.26
15 4294 4404 4268 34.00 4334 3332 4182 3274 40.18 32.62

* Cases of the location parameter arrangements are given on page 38
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Table 5.146. Percentage of Rejection for k = 5; Exponential Distribution: Block = 16, n; = 8 and
N2=N3=Mg=ns=4

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 4.80 4.88 4.76 4.96 4.74 4.78 4.62 4.80 4.62 4.70

62.70 63.68 62.74 5090 62.62 4884 61.76 47.62 59.16 47.86
3 53.84 5462 5322 41.06 5424 3946 53.96 39.20 58.32 45.48
4 53.14 5422 51.72 38.02 54.62 3910 5724 4118 70.16 55.78
5 4462 4544 4422 3512 4522 3434 4336 3290 4172 32.84
6 50.86 51.60 50.18 38.82 51.64 38.14 50.12 3746 5158 40.80
7 7134 7178 71.06 5836 70.80 5582 69.80 5436 65.14 54.08
8 7290 73.68 7260 56.98 74.18 56.18 73.62 55.98 83.84 69.62
9 62.64 63.60 6150 47.34 63.80 4742 6244 4712 67.36 54.48
10 76.68 77.24 7638 6242 76.76 60.78 7579 59.64 77.78  65.58
11 36.88 37.78 36.72 2754 3790 2750 3852 28.04 4578 3454
12 85.98 86.54 86.12 7096 86.64 69.84 87.02 70.60 95.06 86.36
13 93.08 9342 9244 8172 9324 80.70 9234 79.06 93.42 84.44
14 7158 7228 7110 58.78 71.38 56.48 69.50 5440 60.58 50.42
15 7344 7416 7332 60.06 7346 5840 7136 55.92 68.94 57.48

* Cases of the location parameter arrangements are given on page 38

Table 5.147. Percentage of Rejection for k = 5; T-Distribution: Block = 16, ny =8 and n, =n3 =
na=ns=4

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 5.06 5.14 5.12 5.14 4.94 5.10 5.26 5.20 4.92 5.16

27.32 2816 2718 2274 2766 2146 2748 21.68 2592 21.26
3 2344 2408 2340 1876 23.84 1834 2358 1846 2554 20.32
4 25.04 2544 2494 1948 2560 1944 2642 20.64 32.66 25.46
5 19.14 19.72 1888 16.34 19.22 1550 18.88 1528 18.94 1584
6 2144 2214 2162 1826 21.82 1754 2164 1734 2214 18.38
7 31.88 3246 3160 2592 3176 2452 3154 2450 27.76 23.60
8 3270 3356 3244 2520 3356 2492 3424 2552 4038 32.26
9 27.38 28.08 2696 2164 2782 2146 2730 2150 2954 24.46
10 35.02 3582 3434 2752 3558 2730 3512 27.02 3446 29.08
11 1758 1830 1728 1406 1798 14.02 18.18 1444 20.06 16.60
12 4582 46.68 4476 3460 46.72 3456 47.80 3572 56.20 4454
13 53.08 53.76 5242 4180 53.72 4114 5216 4042 53.96 43.68
14 31.28 3220 3098 2516 3176 2468 3050 2400 26.52 21.60
15 3282 3338 3200 2572 3308 2534 3232 2430 2956 23.76

* Cases of the location parameter arrangements are given on page 38
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Table 5.148. Percentage of Rejection for k = 5; Normal Distribution: Block =16, n1 =n, =ns =

ns=4andnz=8

Method
Case* C1 C T T T3 T4 Ts Te T7 Ts
1 4,42 4.40 4.46 4,28 4.34 4.66 4.32 4.60 4.60 4.84
2 3352 3334 3282 2340 34.16 25.98 3382 26.36 30.44 23.08
3 27.70 27.56 28.02 20.40 28.54 22.28 28.46 22.88 31.24 24.34
4 31.22 31.08 30.74 21.98 32.50 24.60 33.60 25.84 41.80 32.06
5 22.26 22.16 22.28 16.90 22.40 18.18 21.96 17.90 21.50 16.84
6 27.96 27.90 27.64 20.38 28.34 22.52 27.42 21.98 27.80 21.60
7 3766 3756 37.18 27.20 38.34 29.52 38.38 30.10 32.82 25.06
8 43.34  43.22 43.02 31.20 44.46 3410 44.14 35.26 51.46 40.42
9 3640 36.24 3582 2586 36.36 27.86 3558 27.92 39.82 3042
10 45,00 4490 4424 3256 4568 3556 4500 36.00 43.68 33.06
11 19.80 19.74 19.36 15.24 20.52 16.96 20.58 17.54 24.66 19.68
12 60.68 60.56 60.16 44,94 61.54 48.58 62.02 49.86 72.08 58.32
13 66.40 66.28 64.98 48.38 66.48 51.92 65.12 52.22 66.22 52.08
14 3852 3834 38.16 2810 38.82 30.12 37.38 30.02 30.40 23.46
15 40.04 39.94 39.34 29.36  40.56 31.30 39.12 31.18 37.02 28.26

* Cases of the location parameter arrangements are given on page 38

Table 5.149. Percentage of Rejection for k = 5; Exponential Distribution: Block = 16, ny = n; =
na=ns=4andnz =38

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 5.04 5.02 5.42 4.66 5.34 5.24 5.50 5.34 5.38 5.10
2 60.80 60.72 60.92 4552 61.24 48.02 59.18 47.74 5588 42.50
3 50.62 5054 51.06 36.46 50.94 39.64 50.22 40.32 56.40 42.10
4 52.40 52.28 51.06 36.62 54.00 4196 56.02 4496 69.84 54.06
5 43.62 4354 4336 32.28 4372 3414 4202 3344 39.60 30.16
6 48.64 4852 4776 3550 49.08 38.08 4742 3830 49.14 37.20
7 66.74 66.68 66.60 51.06 67.04 53.60 65.42 52.82 60.08 45.40
8 73.22 73.18 72.52 54.34 73.04 57.64 71.78 58.06 83.28 68.64
9 61.18 61.00 60.74 4554 61.62 48.42 59.74 48.52 66.78 53.06
10 74.76 74,72 74.60 57.80 74.90 60.68 73.80 61.08 73.88 58.36
11 36.44 36.38 35.50 24.84 37.40 28.22 37.46 29.54 4494  33.72
12 86.88 86.84 86.62 69.58 87.02 73.14 86.62 74.00 95.36 85.18
13 91.22 91.20 90.46 76.82 90.72 78.94 88.68 77.68 92.38 81.62
14 67.22 67.10 66.38 51.44 67.16 53.86 65.04 53.24 56.42 43.12
15 69.00 68.94 69.62 53.22 69.12 55.16 66.50 54.14 64.44  49.74

* Cases of the location parameter arrangements are given on page 38
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Table 5.150. Percentage of Rejection for k = 5; T-Distribution: Block =16, n1=nz=ns=ns=4

andn3 =8
Method
Case* Ci C2 T1 T Ts T4 Ts Ts Tz Ts

1 4.74 4.72 5.12 4.84 5.04 5.44 4.94 5.04 4.86 5.32
2 2546 2540 2534 19.02 26.22 21.02 2596 2150 23.62 19.46
3 2220 2210 2192 1682 2280 1838 2238 18.64 2402 18.96
4 23.54 2344 2326 1760 2430 20.04 25.06 2094 3150 24.00
5 18.00 17.88 1856 14.64 1862 1582 1846 1560 17.32 13.92
6 20.34 2020 1990 16.08 2050 17.20 20.64 17.44 20.80 17.28
7 28.32 2822 2834 2152 29.04 2346 2898 23.84 2586 20.80
8 3258 3242 3220 2396 3288 2690 3272 27.12 3956 31.06
9 26.56 26.48 26.46 20.24 27.04 2164 2624 2148 2922 23.46
10 35.04 3482 3434 2486 3556 2750 3506 27.72 3444 26.22
11 16.84 16.70 17.20 1320 1760 15.02 1758 1540 19.14 1590
12 4650 46.32 4576 33.20 47.26 36.74 47.28 3780 57.30 44.02
13 4954 4944 49.02 3574 4992 38.76 48.06 3820 50.80 39.18
14 29.02 2892 2824 2130 2958 2328 28.76 2328 2344 18.70
15 29.24 2912 2848 2248 2950 2420 28.74 2384 2732 2124

* Cases of the location parameter arrangements are given on page 38

Table 5.151. Percentage of Rejection for k = 5; Normal Distribution: Block =16, n1 =n,=n3z =

ng=4andns =8

Method
Case* Cy Co T T> T3 Ty Ts Te T7 Tg

1 4.92 5.04 4.84 4.96 4.72 4.68 4.68 4.72 5.54 5.12
2 36.92 37.74 3636 29.18 37.14 2840 36.82 2820 3354 25.68
3 3342 3424 3316 2752 3272 2620 3248 25.06 3578 27.80
4 40.10 4098 39.76 3536 39.14 3276 39.04 3272 50.10 40.94
5 23.98 2454 2384 1870 2420 1850 2354 18.22 2204 17.52
6 29.26  30.16 28.90 2352 2942 2332 28.74 2250 29.26 22.88
7 40.70 4138 40.16 3194 40.78 31.10 40.30 3146 3544 27.34
8 51.14 5196 50.32 4198 51.04 40.00 49.70 38.68 57.18 45.76
9 37.18 38.06 36.76 2930 37.86 2848 36.66 2752 39.10 29.40
10 50.28 51.12 4944 4040 50.18 39.06 49.32 38.00 49.08 37.58
11 2408 2476 2420 20.88 2358 19.92 2328 1944 2716 22.26
12 7046 7124 69.74 60.18 69.32 56.72 6820 5492 7952 66.50
13 68.74 69.72 6792 5490 6958 5436 6750 5250 68.40 52.40
14 39.02 39.66 3824 31.12 3958 3052 3896 3040 3222 24.68
15 40.88 4184 39.88 31.24 4150 31.06 40.76 30.20 37.10 27.42

* Cases of the location parameter arrangements are given on page 38
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Table 5.152. Percentage of Rejection for k = 5; Exponential Distribution: Block = 16, ny = nz =
n=ns=4andns=8

Method
Case* C1 C T T T3 T4 Ts Te T7 Ts
1 5.14 5.36 5.32 5.54 5.22 5.26 5.36 5.38 454 4,96
2 64.38 65.26 64.04 52.84 64.48 50.26 62.88 49.12 59.16 45.14
3 59.70 60.32 5940 48.62 58.32 46.22 56.94 44.86 63.72 50.28
4 6770 6858 6570 5856 6588 5474 6536 54.02 79.36 67.58
5 4466 4544 4436 35.00 45.52 3436 43.82 33.70 4150 30.56
6 52.48 53.18 51.84 42.60 52.90 40.90 51.26 39.36 52.44  40.10
7 69.44 7040 69.14 5596 69.42 53.84 68.36 53.10 62.30 48.26
8 80.70 81.40 81.10 70.68 79.72 66.28 7754 63.32 87.86 74.70
9 65.82 66.66 6480 5260 66.00 51.68 64.26 49.18 68.72 53.16
10 79.74 80.44 79.58 67.62 78.88 64.36 77.32 62.62 79.90 64.06
11 43.44 44.38 43.42 36.10 42.62 34.24 41.58 33.16 50.80 39.20
12 93.16 93.46 93.22 86.38 91.94 82.64 90.44 79.90 97.40 90.62
13 9220 9268 9188 8194 9246 80.86 90.92 78.60 92.90 80.32
14 67.22 68.20 66.62 53.78 68.48 52.30 66.88 50.64 57.34 4250
15 70.78 71.46 69.98 57.04 71.00 55.02 69.54 53.44 65.74 50.84

* Cases of the location parameter arrangements are given on page 38

Table 5.153. Percentage of Rejection for k = 5; T-Distribution: Block = 16, ny

and ns = 8
Method
Case* Ci C T1 T, T3 Ta Ts Ts T7 Ts
1 572 6.08 5.68 5.60 5.72 5.56 5.86 5.62 5.86 5.72
2 27.62 2834 27.48 2252 2784 21.78 2750 21.60 25.74 20.26
3 25.10 2582 24.68 20.84 25.22 19.88 2470 19.66 26.22 20.86
4 3124 3188 30.88 27.00 30.52 2520 3054 2460 37.22 30.78
5 19.10 19.54 18.98 15.82 18.98 14.92 18.44 14.70 17.98 14.78
6 21.44 22.02 21.06 18.08 21.94 1748 21.36 1720 21.26 17.08
7 31.16 31.98 30.78 25.04 31.48 24.46 31.26 24.62 26.86 21.22
8 39.04 39.76 38.12 31.50 37.92 30.04 37.30 29.50 43.44  33.58
9 28.48 29.16 27.82 23.22 28.56 22.24 27.82 21.60 29.90 23.46
10 38.62 39.44 38.30 31.62 38.46 29.80 38.00 29.22 38.56 29.72
11 20.16 20.86 20.02 17.86 19.58 16.02 19.28 15.80 22.50 18.46
12 54.92 55.80 5414  46.36 53.86 43.22 52.80 41.66 62.96 51.30
13 53.70 54.66 5264 4274 54.14 41.80 53.08 40.80 52.68 40.42
14 29.50 30.20 28.80 23.24 29.86 22.30 29.42 22.30 24.46 18.76
15 30.06 30.76 29.40 23.40 30.12 22.68 29.52 22.56 27.84 21.34

* Cases of the location parameter arrangements are given on page 38
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Table 5.154. Percentage of Rejection for k = 5; Normal Distribution: Block =32, n1 =8 and n; =
N3=nNs=ns=4

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 5.04 4.86 5.00 4.96 5.04 5.14 4.82 5.04 4.46 4.94

49.62 5348 48.72 4044 49.72 40.16 49.44 38.72 4462 38.54
3 38.92 4214 37.74 3128 3930 3192 3922 30.86 4296 36.64
4 4452 4930 4390 3454 4536 3590 47.20 37.04 58.26 49.30
5 3240 3490 3212 2550 3292 2590 3130 2478 3094 26.42
6 3844 4112 3762 3052 3930 3054 3796 29.20 3854 32.24
7 5436 58.16 53.70 4528 54.62 4486 53.52 4356 47.20 41.00
8 61.86 6590 60.92 4936 62.86 5040 6266 50.32 70.44 61.36
9 50.18 5424 49.06 39.62 51.34 4044 50.02 38.94 53.60 46.08
10 62.96 6754 61.62 51.08 6358 51.16 62.66 49.66 62.28 53.60
11 29.58 3248 2856 2320 30.14 2368 30.70 23.60 3556 30.34
12 78.38 8342 7756 6574 7994 66.40 80.68 66.48 87.92 80.54
13 8430 88.06 8332 73.80 8506 7438 8444 7224 8506 77.24
14 5456 58.44 53.08 45.04 5472 4458 5356 4230 4428 38.16
15 57.92 6182 56.94 4732 58.04 4738 56.42 4480 5316 45.96

* Cases of the location parameter arrangements are given on page 38

Table 5.155. Percentage of Rejection for k = 5; Exponential Distribution: Block = 32, n; = 8 and
N2=N3=Ns=nNs =4

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 4.74 4.70 4.70 4.96 4.50 5.06 4.52 4.82 4.74 4.60

8238 8542 8178 7226 8230 7120 8114 68.60 78.42 70.70
3 71.82 76.60 7144 59.80 7224 59.22 7194 57.62 78.04 68.20
4 71.82 76.80 70.40 57.00 73.34 5836 7518 59.72 87.46 78.86
5 59.88 63.78 59.08 4894 60.42 48.66 59.00 4572 56.68 48.32
6 68.06 7242 67.22 56.04 68.64 56.02 67.34 53.78 69.08 59.56
7 86.96 89.88 86.92 7838 86.92 77.06 8594 7482 8240 74.52
8 90.30 93.06 90.12 79.98 90.68 79.14 9040 77.82 9574 90.92
9 8246 8584 8164 6914 8322 70.06 8136 6782 8648 78.52
10 9144 9394 9124 8232 9160 8158 9088 7944 9276 86.40
11 52,70 57.64 52.04 4130 53.66 4184 5386 41.74 6426 53.86
12 97.36 9834 9732 9154 9750 91.04 9756 90.60 99.70 98.60
13 98.82 9928 98.62 9550 9884 9530 9854 9402 9884 97.00
14 87.04 89.34 8646 7790 87.08 7648 8520 7342 7852 70.56
15 87.88 90.66 87.68 7820 88.00 77.22 86.22 7472 8482 77.14

* Cases of the location parameter arrangements are given on page 38
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Table 5.156. Percentage of Rejection for k = 5; T-Distribution: Block =32, ny=8and no=nz =

na=ns=4
Method
Case* Ci C2 T1 T Ts T4 Ts Ts Tz Ts

1 5.22 5.32 5.14 5.06 5.08 4.94 5.18 4.84 5.18 5.02
2 3750 4044 36.86 30.14 3754 3042 36.74 2950 33.66 29.14
3 3096 3394 3054 2484 31.30 2550 3146 25.04 3416 29.02
4 33.02 36.02 3250 26.34 33.88 26.78 3542 27.44 4382 37.26
5 25.06 26.96 25.02 20.84 2542 2130 2458 20.18 2450 21.32
6 30.00 31.72 29.06 2440 29.86 2478 2956 23.62 29.72 25.82
7 4332 46.88 4190 3490 4332 3486 4276 33.68 3830 33.10
8 45.64 4992 4462 3578 46,52 36.34 46.78 3580 5412 4578
9 3710 39.92 36.28 2986 37.68 30.82 36.64 29.56 40.28 34.48
10 4856 5250 47.20 38.68 48.86 39.18 48.84 3844 48.10 41.26
11 2250 2414 2230 1828 2258 18.88 2258 18.68 26.48 22.58
12 63.34 68.06 62.28 50.82 6452 5264 6518 5216 75.00 66.16
13 70.28 7468 69.52 57.70 71.14 5870 69.92 56.82 70.22 61.78
14 4282 4572 4238 3494 4336 3514 4208 33.72 3514 30.66
15 43.62 4732 4274 3484 4418 3504 4316 33.18 40.02 34.18

* Cases of the location parameter arrangements are given on page 38

Table 5.157. Percentage of Rejection for k = 5; Normal Distribution: Block =32, n1 =n,=ns =

ns=4and n3 =8

Method
Case* Cy Co T T> T3 Ty Ts Te T7 Tg

1 4.38 4.46 4.46 4.62 4.54 4.54 4.54 4.66 4.86 4.96
2 46.24  50.24 4532 37.20 46.56 39.12 46.24 40.18 42.44 34.52
3 39.52 4356 39.34 3144 3980 3336 39.08 3416 4414 35.68
4 4418 4846 4348 3524 4502 37.96 46.48 40.84 57.92 48.16
5 3230 3542 31.32 2558 31.78 2696 30.92 26.98 29.34 24.62
6 36.76  40.14 3598 29.22 36.84 30.74 3570 30.76 37.30 30.82
7 51.28 5598 49.96 40.44 5152 4344 5110 4460 4468 35.70
8 60.94 65.68 59.14 4928 6096 5150 60.24 5272 69.24 57.94
9 4954 5372 4876 40.26 49.48 4176 47.88 42.00 53.56 44.56
10 60.40 65.06 59.22 48.86 61.16 51.26 60.66 53.44 5956 48.72
11 28.02 30.10 27.48 21.88 28.64 2342 28.72 2472 3428 27.92
12 78.02 8268 77.08 65.18 79.02 68,60 79.36 70.60 88.58 79.62
13 83.88 87.66 8314 7194 8414 7434 8248 7494 8414 74.24
14 51.76  56.14 51.16 41.30 52.14 43.00 50.94 4348 4134 33.32
15 55.00 60.04 5434 4444 5516 46.48 53.82 46.80 49.90 40.40

* Cases of the location parameter arrangements are given on page 38
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Table 5.158. Percentage of Rejection for k = 5; Exponential Distribution: Block = 32, n1 = n; =
na=ns=4andnz =8

Method
Case* C1 C T T T3 T4 Ts Te T7 Ts
1 5.14 5.22 5.24 5.08 5.32 5.40 5.42 5.44 5.32 5.02
2 78.04 82.44 78.24 66.44 17.74 67.62 75.80 68.66 74.02 61.92
3 71.12 75.82 70.80 58.96 71.54 60.74 70.02 61.52 76.80 64.72
4 70.70 76.06 69.54 56.50 72.24 61.74 74.42 65.92 88.00 77.28
5 59.12 63.60 58.08 48.02 58.66 48.92 5658 48.64 55.12 45.42
6 67.02 72.02 66.30 54.64 66.76 56.78 64.84 57.18 68.30 57.28
7 84.22 88.02 84.18 73.24 84.28 74.80 83.06 75.42 78.90 67.50
8 90.08 93.06 90.12 80.28 90.08 8158 88.70 82.10 96.12  90.02
9 79.72 84.48 79.24 67.26 79.18 69.76 77.20 70.04 84.50 73.78
10 90.54 93.26 90.72 80.18 90.44 82.04 89.32 82.86 90.82 80.62
11 53.54 57.86 52.42 42.16 54.00 45.20 53.52 46.48 63.78 52.86
12 97.14 98.24 97.12 91.40 97.06 92.50 96.84 93.30 99.62 97.92
13 9856 99.30 9842 9448 9844 9522 97.76 94.66 98.92 95.94
14 84.06 88.20 83.92 72.80 84.10 74.42 82.38 74.48 73.38 61.30
15 85.88 89.26 85.30 75.34 85.28 76.82 83.32 76.62 82.46 71.36

* Cases of the location parameter arrangements are given on page 38

Table 5.159. Percentage of Rejection for k = 5; T-Distribution: Block =32, n1=nz=na=ns=4

and nz3 =8
Method
Case* Ci C T1 T, T3 Ta Ts Ts T7 Ts
1 5.18 5.18 5.16 5.38 5.20 5.26 4,96 5.20 5.36 5.72
2 3480 3812 3446 28.06 3490 2944 3470 30.36 3146 26.22
3 30.46 3312 2954 2392 3114 2564 3096 26.68 33.92 27.48
4 33.96 3730 3326 26.72 3470 2940 3570 31.26 4518 36.80
5 2498 2720 2416 2016 2474 2058 2432 20.64 2298 19.70
6 28,70 3086 28.26 2276 29.06 2456 2862 2514 29.30 25.06
7 39.18 43.18 38.38 31.16 39.92 32.96 39.46 33.86 33.62 27.62
8 46.78 51.26 46.18 37.36 47.42 39.42  46.86 40.54 54.34  45.14
9 36.72 40.10 35.82 29.60 36.64 30.66 35.04 30.70 39.84 32.56
10 45,74 50.08 45,14 36.48 45.84 38.34  45.20 39.08 45.56 36.24
11 21.72 23.74 21.58 18.42 22.06 18.92 21.64 19.74 26.46 22.14
12 61.52 66.44 60.66 49.28 62.52 52.52 63.00 55.46 73.62 62.06
13 67.78 72.42 66.42 55.84 67.62 57.86 65.98 57.92 68.12 57.10
14 39.96 43.72 38.88 31.82 40.32 33.60 39.34 34.36 31.86 26.22
15 40.86 44.46 40.16 3278 41.28 34.34 39.78 34.88 37.38 30.56

* Cases of the location parameter arrangements are given on page 38
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Table 5.160. Percentage of Rejection for k = 5; Normal Distribution: Block =32, n1 =n, =n3 =

nz=4andns =8

Method
Case* C1 C T T T3 T4 Ts Te T7 Ts
1 4,76 4,70 4.64 4.44 4.84 4.74 4.72 4.70 4.74 4,92
2 4850 52.06 47.38 39.66 48.70 39.64 48.64 38.44 43.86 35.10
3 44,92 48.14 44.64 3746  44.72 37.12 44.30 35.08 47.74  37.78
4 55.18 57.42 54.28 46.72 53.98 44,74 54.24 43.64 65.56 54.38
5 3260 3496 3196 26.36 32.98 26.42 3158 25.06 30.92 2454
6 39.44  42.72 38.66 31.34 39.58 31.76 38.06 30.10 39.54 31.04
7 54.90 59.06 54.04 44.38 55.02 44.84 54.22 43.92 47.50 37.72
8 66.96 7052 66.20 5750 66.60 56.96 6552 5484 7406 63.46
9 52.60 55.92 51.46 43.42 52.20 44,14 50.30 41.02 55.40 43.86
10 66.12 70.02 65.14 55.22 66.14 55.28 65.28 53.06 64.68 53.16
11 32.42 34.58 31.90 26.60 32.16 26.28 31.78 25.56 37.62 30.34
12 85.40 88.18 84.46 75.82 84.84 74.88 84.32 73.12 91.90 82.70
13 84.92 88.38 83.92 74.28 85.24 74.38 83.94 71.40 84.64 72.28
14 53.70 57.38 52.92 43.34 54.08 44,18 53.56 42.70 43.54 34.50
15 57.84 62.48 56.68 46.94 58.46 47.68 57.02 45.50 52.78 41.18

* Cases of the location parameter arrangements are given on page 38

Table 5.161. Percentage of Rejection for k = 5; Exponential Distribution: Block =32, ny = n; =
ns=ns=4and ns =8

Method
Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 454 4.40 4.66 4.68 4,72 4.80 4.80 5.12 4,72 4.60
2 80.38 8378 79.94 6950 79.84 68.02 7844 65.66 7586 63.18
3 7570 79.02 7558 66.30 75.26 64.16 7358 61.18 7952 67.00
4 82.62 8494 8202 7392 80.76 71.30 80.70 69.70 92.46 83.24
5 60.78 65.32 59.70 49.78 60.82 50.14 58.72 47.32 56.70 45.08
6 69.94 7416 69.20 58.22 69.90 57.76 6794 5510 69.98 55.82
7 85.96 89.58 86.16 76.06 86.04 74.64 84.42 71.88 80.74 67.10
8 93.20 94.60 92.86 86.82 92.26 84.52 90.94 81.50 96.84 90.04
9 81.72 85.60 81.02 70.98 81.70 70.20 79.72 66.74 85.14 72.32
10 92.30 94.40 92.24 85.30 91.94 83.22 90.66 80.34 92.62 83.08
11 59.02 62.14 58.66 51.06 58.34 49.82 57.48 48.20 68.38 56.42
12 99.10 99.36 99.06 96.82 98.76 95.10 98.50 93.00 99.84 98.30
13 99.02 99.54 98.94 95.34 98.98 94.56 98.40 92.62 99.14 94.46
14 82.96 86.92 82.76 72.38 83.80 72.32 82.36 69.96 73.60 59.74
15 87.38 90.56 86.90 77.32 87.38 76.60 85.60 73.58 83.52 70.62

* Cases of the location parameter arrangements are given on page 38
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Table 5.162. Percentage of Rejection for k = 5; T-Distribution: Block =32, ni=nz=nz3=ns=4
and ns = 8

Method

Case* C1 C T1 T T3 T4 Ts Te T7 Ts
1 4.84 4,94 4,98 4,98 4.84 5.40 4.84 5.36 4.84 4,76
3648 3898 3580 2958 36.64 29.54 36.10 28.36 3240 25.84
3 32.94 34.82 32.22 26.98 32.80 26.82 32.38 25.92 34.02 27.62
4 40.84 42.62 40.02 35.18 39.70 33.56 39.64 32.96 50.76 41.18
5 25.58 27.86 25.40 21.34 25.64 21.60 24.68 20.94 24.50 19.80
6 29.44 32.02 28.94 23.50 29.30 23.82 28.42 22.50 28.78 23.32
;
8
9

4272 4528 41.82 3420 43.16 3466 4264 3356 36.44 28.82

52.04 5488 51.04 4344 5158 43.00 50.30 40.88 58.20 47.46

40.26 43.76 40.04 33.06 4118 33.74 3958 31.94 43.00 33.86
10 50.26 53.52 49.76 4136 49.98 40.74 49.10 39.32 50.40 40.04
11 2546 26.66 2538 2200 25.16 21.66 2506 21.02 30.04 24.76
12 69.90 7244 6896 61.28 69.02 59.38 68.36 5732 78.96 68.56
13 70.98 7548 69.74 59.10 71.36 59.22 6980 56.78 70.02 57.02
14 4156 4460 40.26 33.28 4226 33.62 4158 3292 33.08 25.30
15 44,10 4732 4326 3568 4476 3650 4366 3510 40.46 3158

* Cases of the location parameter arrangements are given on page 38

5.3.2. Portion of the RCBD is equal to the CRD

The results of the simulation study show that all proposed methods retain their level of
significance around the given level in this dissertation which is 0.05. However, differences occur
in terms of the estimated power based on the number of treatments (k).

In the case of k = 3, we note that when the sample sizes follow nonincreasing pattern (e.qg.,
n: = 16 and nz = n3 = 4), the proposed methods Tz, Tz including Cy are similar in terms of the
estimated powers. This occurs when the last two parameters are similar and the first one is distinct
such as (0, 0.5, 0.5). Likewise, there are situations where the proposed methods T1, T3, Ts, T7 and
C: nearly have approximately the same estimated powers, for example, when the location
parameters are unequally distant such as (0.05, 0.25, 0.5) and (0.1, 0.5, 1). Otherwise, T7 is
considered to be the most powerful proposed method. The same results hold when the sample sizes

follow an umbrella pattern (e.g., n2 = 16 and n1 = n3 = 4). The exception are the location parameters
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of (0, 0.5, 0.5). That is, exceptions occur when the last two parameters are the same. Under that
case, the proposed methods Ti, T3, Ts including C1 are comparable in terms of the estimated
powers. Moreover, when the sample sizes follow a nondecreasing pattern (e.g., n1 = n2 = 4 and n3
= 16), the results are similar to those in the nonincreasing case. When the location parameters are
the same except the first one such as (0, 0.5, 0.5), however, the proposed methods Ts, Ts are more
powerful than the others.

For k = 4, the results reveal that under the nonincreasing pattern for the sample sizes in the
CRD portion, the proposed methods Ty, T3, Ts, Tz and Ci tend to have estimated powers that are
approximately the same in several cases. For example, when the location parameters are equally
spaced such as (0, 0.1, 0.2, 0.3), when the first two location parameters have the same shifts and
the last two parameters have also similar shifts such as (0.25, 0.25, 0.5, 0.5). There are also cases
where the proposed methods Ts, Ts, and T7 have highest the estimated powers. These cases arise
when the distance between the second and the third location parameters is equal to the distance
between the third and fourth location parameters such as (0.1, 0.2, 0.6, 1). Lastly, there are cases
where T7 has the highest estimated power compared to the others, for example, when there is a
large jump between the last two parameters such as (0, 0, 0.1, 0.6). Further, the results of the
proposed methods under the umbrella pattern are almost similar to those under the nonincreasing
pattern except that the estimated powers for Tz becomes significantly higher than the others in
more cases than before. When the sample sizes follow nondecreasing pattern, we note that the
estimated powers are almost analogous to those in the nonincreasing pattern with the exception of
the cases where Ty, T3, T7 and C; have similar estimated powers such as for (0, 0.15, 0.2, 0.5).

For k =5, it can be noticed that generally when the sample sizes in the CRD portion follow

a nonincreasing pattern, the proposed methods Tz, Ts, and T7 have the highest estimated powers
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compared to the others. However, under some location parameters arrangements, the proposed
method T+ becomes significantly larger than all the other methods. This occurs when the location
parameters follow arrangements, for example, when all the location parameters are the same
except the last one such as (0, 0, 0, 0, 0.5), when all the parameters are the same except the last
two with and equal distance among the last three parameters such as (0, 0, 0, 0.25,0.5), and finally
when all the parameters are the same except the last two with the presence of a large jump between
the last two location parameters such as (0, 0, 0, 0.2, 0.7). Moreover, when the sample sizes follow
the umbrella pattern T- turns into a more powerful method with higher estimated powers under
more cases compared to the nonincreasing pattern. However, when the sample sizes follow the
nondecreasing pattern, the results are almost the same compared to those of the nonincreasing

pattern.

Table 5.163. Percentage of Rejection for k = 3; Normal Distribution: Block =8, n; =16 and n; =
n;=4

Method

Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 5.44 4,72 4,94 5.14 5.28 474 5.28 4.74 5.02 5.18
2858 21.08 2798 2046 3054 22.06 31.86 23.82 33.90 24.74
3 38,54 3346 38.06 33.02 36.70 2930 3450 27.66 3142 28.00
4 28.00 23.04 2714 2288 28.26 22.18 2816 2240 2796 23.02
5 3442 2834 3424 2782 34.82 26.44 3384 25.88 3344 27.10
6 66.60 47.82 65.46  44.88 71.90 51.46 74.24 56.74 77.48 58.94
5
8
9

85.46 7954 8452 7766 8290 7198 80.06 67.60 73.82 68.44

7780 6554 7712 63.70 7856 62.62 77.60 6196 76.86 64.12

2768 2074 2746 2026 29.70 21.16 30.74 2324 33.08 24.36
10 38.28 33.78 38.04 3360 3646 30.72 3458 2846 3116 29.06
11 68.56 5542 6746 5298 69.78 5342 69.32 5338 69.26 55.54
12 40.02 31.16 39.18 30.16 4118 30.34 41.08 31.04 4182 32.00
13 33.66 27.86 33.02 2748 3396 2632 3392 26.22 3262 27.40
14 4152 34.08 40.72 33.08 4202 3214 4152 3196 4110 33.28
15 5426 40.08 53.30 38.18 5786 4172 59.06 4440 61.64 46.28

* Cases of the location parameter arrangements are given on page 38
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Table 5.164. Percentage of Rejection for k = 3; Exponential Distribution: Block = 8, ny = 16 and
Nn2=n3=4

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 4.82 5.10 4.78 5.42 4.88 5.12 5.04 5.28 4.94 5.32

4412 29.18 4294 2732 4832 3056 50.70 33,52 54.66 35.38
3 61.88 55.42 60.62 5420 59.78 4790 56.68 4350 50.86 44.30
4 49.28 3850 48.74 36.74 4992 3544 4856 34.66 48.88 36.68
5 59.06 47.76 58.82 46.06 58.72 43.24 56.66 41.34 5548 43.76
6 8458 6398 8314 59.70 8998 70.02 9166 77.36 9432 80.06
7 9592 93.72 9550 9256 9524 8946 9412 87.08 89.82 86.24
8 9490 89.04 9478 8752 9476 8592 9396 8444 9488 87.42
9 4258 2948 4182 27.72 4694 30.70 4938 33,58 53.02 35.52
10 6242 5554 6124 5392 60.24 4790 57.64 4358 5110 44.60
11 90.18 81.94 90.28 79.82 90.52 7890 89.80 77.62 91.42 81.58
12 65.24 5210 6556 4994 66.68 50.14 6586 50.06 68.26 53.58
13 58.00 46.02 57.84 4450 5856 4242 56.92 4122 57.26 43.82
14 68.34 57.32 68.22 55.08 68.66 52.68 67.22 50.46 68.06 54.30
15 78.88 60.58 78.26 56.56 82.62 6132 8352 6492 87.04 68.98

* Cases of the location parameter arrangements are given on page 38

Table 5.165. Percentage of Rejection for k = 3; T-Distribution: Block =8, n1 =16 and n, =n3=4

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 4.86 4.74 4.88 5.06 4.80 4.62 4.80 4.82 4.56 4.90

2138 1584 21.30 1548 2296 1658 2392 1786 2494 18.68
3 29.56 26.78 29.12 26.72 28.08 24.00 26.88 2244 2458 22.82
4 2238 1892 2236 1878 2270 1866 2242 1836 2224 19.18
5 2616 21.96 2534 2194 26.04 2058 2584 2022 2490 20.82
6 5046 36.10 49.16 34.48 5440 3856 56.26 41.68 60.14 43.68
7 68.24 60.48 67.28 59.26 65.22 53.92 6250 49.78 56.06 50.26
8 60.74 49.40 60.30 47.72 6090 4726 6044 4728 59.88 48.88
9 2140 1654 2090 1640 2298 1690 2358 1822 2496 19.26
10 2746 2458 2772 2448 2682 2210 2502 2096 2298 2152
11 5342 4330 5242 4140 5414 4084 53.68 40.76 53.58 42.76
12 30.30 2418 2952 2376 3088 23.06 3110 2354 3166 24.60
13 2474 1994 2402 198 2550 18.74 2564 1884 2450 19.56
14 3248 2554 3178 25.02 3234 2446 3196 2454 3178 2538
15 40.38 30.70 40.08 29.64 4286 31.10 43.86 3294 46.24 34.22

* Cases of the location parameter arrangements are given on page 38
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Table 5.166. Percentage of Rejection for k = 3; Normal Distribution: Block = 8, n; = n3 =4 and

n.=16
Method
Case* C1 C T T T3 T4 Ts Te T7 Ts
1 5.20 4,70 5.08 5.12 5.26 4.86 5.28 5.00 5.08 5.20
2 27.36 20.14 26.94 19.72 27.52 20.14 27.54 21.22 33.36 24.60
3 27.72 20.16 27.32 19.70 27.94 20.02 27.48 20.66 19.90 14.62
4 24.58 18.28 24.34 17.90 24.74 18.16 24.42 18.90 24.66 17.10
5 27.60 20.54 26.98 20.34 27.74 20.48 27.30 21.22 25.26 18.08
6 65.68 48.04 64.86 45.18 66.36 47.48 66.58 49.72 77.06 58.82
7 6598 49.32 65.14 46.68 66.50 49.02 6590 51.30 46.96 30.94
8 68.68 50.78 67.80 48.18 68.78 50.12 67.78 51.86 65.70  45.48
9 27.32 19.66 27.30 19.32 27.36 19.58 27.00 20.50 32.82 23.56
10 29.26 21.02 28.64 20.36 29.16 21.22 28.62 21.88 20.94 15.40
11 60.88 44.64 60.60 42.50 61.10 44.00 60.36 45.46 60.10 41.58
12 36.12 26.52 35.54 25.20 36.14 26.12 35.78 27.40 37.50 26.32
13 27.80 20.76 27.34 19.76 27.56 20.58 27.76 20.98 26.44 18.86
14 35.18 24.56 34.44 24.14 35.28 24.46 34.94 25.62 32.78 23.12
15 50.54 36.24 50.06 34.80 50.82 36.02 50.62 37.78 57.72 41.20

* Cases of the location parameter arrangements are given on page 38

Table 5.167. Percentage of Rejection for k = 3; Exponential Distribution: Block =8, n1 =nz =4

and n,= 16
Method

Case* Ci C T1 T, T3 Ta Ts Ts T7 Ts
1 4,58 452 4.46 5.08 4.56 4,78 4,50 4,72 4.66 4.90
2 43.62 29.88 43.18 28.36 43.88 30.10 4396 32.40 5446 36.14
3 46,56 34.68 4560 33.18 46.72 34.36 46.24 3582 32.74 21.82
4 4460 32.82 4458 3142 4448 32.00 43.28 3278 43.06 29.22
5 49,70 36.42 48.82 34.82 49.22 3576 4850 36.22 44.44 30.22
6 84.46 6430 83.12 6048 8458 63.38 8438 67.58 94.38 80.16
7 79.96 62.50 78.94 59.60 80.82 61.70 81.50 64.94 60.96 38.70
8 89.44 74.96 89.42 71.72 88.96 72.94 87.50 73.40 89.00 70.14
9 43.62 29.36 42.34 2764  44.02 29.16  43.76 30.86 54.46 35.48
10 46.00 33.20 45.30 32.06 46.38 3286 45.58 34.20 32.38 21.56
11 84.88 67.26 85.16 64.36 84.44 65.26 82.40 66.48 85.62 64.82
12 59.54  44.26 59.44  42.42 59.40 42.88 57.54 44.24 62.14  43.38
13 50.20 37.08 50.06 3576  49.94 36.16  48.60 37.06 4724  32.42
14 58.90 43.48 59.20 41.68 58.44 41.96 56.86 43.14 56.82 38.34
15 74.62 55.48 73.94 52.02 74.18 54.32 73.00 56.50 84.06 63.72

* Cases of the location parameter arrangements are given on page 38
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Table 5.168. Percentage of Rejection for k = 3; T-Distribution: Block =8, n1 =n3 =4 and n,= 16

Method

Case* C1 C» T1 T> Ts Ta Ts Ts T Ts

1 4.42 4.56 4.52 4.80 4.28 4.64 4.26 4.50 412 4.58

2196 1598 2140 1580 21.76 16.00 21.08 16.42 26.06 18.48
3 2022 15116 1946 1488 20.28 1534 2044 1578 15.62 11.18
4 21.06 16.22 20.74 1630 21.06 1648 20.70 17.06 20.40 16.02
5 2232 1644 2218 1618 2218 1640 2224 1714 20.18 14.78
6 50.96 37.30 50.08 35.72 51.08 36.94 5040 38.38 60.72 43.96
7 50.18 36.08 49.18 3440 5042 3578 50.90 37.66 35.04 2294
8 5384 3792 5316 36.16 53.78 37.10 5244 3852 5144 34.86
9 2144 1636 21.20 1594 2130 16.22 2118 1646 2494 18.04
10 2150 16.72 20.70 16,50 2146 16.72 2148 1720 16.14 12.48
11 4574 3352 4546 3232 4598 3352 4554 3422 4458 31.98
12 2716 2014 2720 19.76 27.32 20.10 26.58 2048 27.82 20.30
13 2158 1652 21.60 16.00 2154 1650 21.18 1738 21.12 15.06
14 26.36 19.82 26.18 19.66 26.36 1996 2558 20.72 2520 19.24
15 38.16  27.22 3722 2636 3812 2712 38.06 28.72 4332 31.12

* Cases of the location parameter arrangements are given on page 38

Table 5.169. Percentage of Rejection for k = 3; Normal Distribution: Block =8, ny = n; =4 and
n;=16

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 5.12 4.62 5.24 4.96 5.22 4.68 5.14 4.72 5.06 4.64

3854 33.08 37.70 3252 3752 28,60 3572 2744 4044 3274
3 2742 1958 26.82 1940 29.66 20.82 30.64 2240 2216 16.72
4 2950 2488 29.44 2444 30.04 2364 29.60 2356 28.66 22.84
5 3116 2410 31.04 2360 3212 2348 3190 2388 29.14 21.88
6 8420 77.78 8392 7598 8244 7144 80.24 67.04 87.66 77.44
7 64.86 4654 63.62 43.74 7212 5054 7338 55.06 53.42 36.60
8 77.30 6682 7716 6432 7836 6398 7754 6354 7560 60.62
9 3830 3432 3764 3370 3704 3034 3540 2882 4098 3342
10 2710 20.70 26,50 20.06 2950 2140 3048 2324 2242 17.00
11 70.66 59.64 70.06 57.82 7120 57.04 6990 56.28 68.74 5484
12 4464 3750 4428 36.78 4466 34.86 4326 33.62 43.70 35.16
13 3330 2698 3284 2648 33.72 2640 3352 2634 3184 24.72
14 4222 3388 4166 3286 43.08 31.74 4238 31.90 39.98 31.20
15 67.06 58.34 66.04 56.74 6510 5290 6296 4982 70.26 57.06

* Cases of the location parameter arrangements are given on page 38
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Table 5.170. Percentage of Rejection for k = 3; Exponential Distribution: Block =8, n=n, =4
and n3= 16

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 5.30 4.70 5.20 5.14 5.34 4.52 5.30 4.74 5.22 4.86

62.50 5448 61.86 53.34 60.00 4882 57.16 45.68 66.20 54.06
3 44718 3330 4410 32.16 48.60 36.06 50.08 39.26 36.26  27.00
4 50.90 42,64 50.60 4124 5124 40.64 50.10 40.34 49.92 39.00
5 55.70 4586 55.20 4476 56.40 4424 5538 4422 5210 41.80
6 94.04 89.42 9374 88.06 9280 8352 9120 79.64 96.12 88.78
7 81.12 6250 79.82 59.18 84.62 66.56 86.30 70.60 70.06 50.72
8 9156 82.66 91.64 8054 9166 78.64 9040 77.18 90.96 78.10
9 61.28 56.04 60.64 54.88 59.12 50.02 56.84 46.54 65.60 55.22
10 4518 3294 4440 3144 49.12 3516 50.92 38.18 37.14 26.22
11 88.98 78.86 89.20 76.88 8852 7488 86.88 72.98 88.62 74.80
12 69.70 60.22 69.48 58.34 6846 56.06 66.40 5438 70.16 56.98
13 67.08 56.44 66.46 5452 67.20 53.14 6572 5254 6554 51.90
14 56.70 47.42 56.84 4578 57.16 4516 5596 4454 5432 43.08
15 8746 79.20 87.08 77.34 8538 7256 82.68 69.02 89.58 77.24

* Cases of the location parameter arrangements are given on page 38

Table 5.171. Percentage of Rejection for k = 3; T-Distribution: Block =8, n1 =n, =4 and nz3= 16

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 4.90 4.98 4.84 5.36 4.92 4.48 4.94 4.72 4.74 5.32

29.04 2528 2856 2546 28.68 2322 2744 2164 31.06 25.40
3 2056 16.16 20.32 1594 2188 16.64 2268 1786 17.58 14.22
4 2274 1920 2236 1920 2266 18.02 2234 18.12 2220 18.28
5 2462 1928 2424 1928 2478 19.62 2456 19.74 2334 17.86
6 68.44 6138 68.12 59.70 66.50 5490 6350 51.10 7274 60.92
7 51.00 36.26 49.82 3452 5570 38.76 57.90 41.92 40.88 28.64
8 62.10 5140 61.46 4938 6298 4866 6236 48.22 5942 46.72
9 28.84 2518 2814 2518 2762 2276 2648 2094 30.68 25.32
10 20.84 1596 20.36 1584 2262 16.62 2344 1786 1748 13.74
11 55.20 4578 55.12 4444 5578 43.06 53.96 4192 5446 4234
12 33.72 2774 3298 2736 3348 2598 3278 2518 3362 26.20
13 2570 2222 2558 2218 2626 21.04 2570 2112 2432 20.60
14 31.74 2530 3112 2490 3192 2376 3090 2362 3050 23.18
15 51.10 4536 5098 4436 4994 40.08 4776 37.70 53.88 44.04

* Cases of the location parameter arrangements are given on page 38
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Table 5.172. Percentage of Rejection for k = 4; Normal Distribution: Block =8, ny =20 and n; =
nNs=ns=4

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 5.22 5.14 5.42 4.88 5.08 4.58 5.10 4.66 5.04 4.58

19.88 1780 19.86 1590 20.16 16.34 20.20 16.42 19.06 16.72
3 19.30 17.06 19.18 1492 1994 1578 19.46 15.64 19.64 15.76
4 18.04 16.62 17.74 1520 18.18 1492 17.24 1444 1592 14.60
5 2540 1916 2480 1578 2842 1838 2998 20.72 33.10 22.48
6 30.50 25,50 30.00 21.82 3218 2342 3266 23.74 3266 25.60
7 4254 3946 42.00 35.12 4256 3442 4058 3250 37.08 32.36
8 7886 7232 7798 6592 78.62 6550 7852 6430 75.68 65.38
9 7248 61.04 7198 52.64 7544 5732 76.08 58.40 77.42 61.20
10 18.30 1594 1830 1412 1958 15.02 19.06 14.52 18.92 15.02
11 51.30 4234 5036 36.08 54.36 39.90 5468 41.08 55.84 42.96
12 20.78 17.72 2052 1574 2182 16.26 2186 16.60 22.62 17.74
13 30.94 27.04 3038 23.74 3224 2428 3250 2452 3314 25.46
14 1540 1340 1530 11.72 1698 1332 17.64 13.70 1856 14.26
15 36.02 2830 3534 2352 39.18 26.70 4128 28.74 4520 31.02

* Cases of the location parameter arrangements are given on page 38

Table 5.173. Percentage of Rejection for k = 4; Exponential Distribution: Block = 8, ny = 20 and
N2=n3=n=4

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 4.92 4.58 4.78 4.50 4.78 4.54 4.70 5.00 5.06 4.72

3494 28.68 3492 2516 3486 2522 3358 2434 3294 2598
3 31.82 2558 31.36 21.20 3324 2254 3256 21.60 31.80 23.16
4 33.02 29.76 3276 26.34 3216 2514 3010 2336 28.16 23.92
5 40.28 29.34 39.18 2354 4536 2742 4826 30.72 55.12 34.08
6 53.66 4286 53.08 36.20 56.14 38.66 56.02 38.70 58.00 41.94
7 7264 66.88 7218 6020 7158 5848 68.36 54.66 63.66 55.56
8 96.00 9394 96.00 90.18 9590 89.78 9526 88.62 9570 91.26
9 9354 86.92 9392 7938 9530 8328 9484 8328 9690 88.28
10 3236 2570 3144 2162 3460 2384 3358 2312 3294 2442
11 7894 68.04 79.16 5844 8146 6196 8118 6228 8492 68.54
12 3760 29.72 3834 2522 3980 27.08 3952 2748 4090 29.64
13 57.56 4836 57.20 4158 5846 4234 5768 4192 59.30 44.72
14 2442 1894 2412 16.06 2666 17.76 2788 1836 29.28 19.54
15 57.60 4348 5720 3562 63.24 4168 6552 4524 7228 50.40

* Cases of the location parameter arrangements are given on page 38
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Table 5.174. Percentage of Rejection for k = 4; T-Distribution: Block =8, ny =20 and n, =nz=

na=4
Method
Case* C1 C T T T3 T4 Ts Te T7 Ts
1 4,76 4,72 4,96 4.86 476 4.60 4.84 4.80 4.88 4.38
2 15.60 14.28 15.32 13.00 16.00 13.10 15.62 12.94 14.72 13.34
3 14.82 13.74 15.28 12.08 15.94 12.86 15.58 12.82 15.88 13.52
4 15.40 14.80 15.32 13.48 15.44 13.98 14.72 13.54 14.18 13.12
5 19.58 15.48 19.56 13.20 21.78 15.18 23.00 16.78 25.62 17.90
6 24.46 20.68 24.46 17.94 25.84 18.98 25.58 19.80 25.70 20.30
7 33.34 29.82 32.92 26.06 33.16 26.26 31.72 25.22 28.86 24.50
8 63.32 56.80 62.78 50.52 63.36 50.82 63.18 49.88 60.32 50.76
9 56.74 4658 56.20 3952 59.86 43.80 60.34 44.86 61.50 47.50
10 15.26 13.74 15.12 12.24 15.78 12.58 15.74 12.46 15.90 13.06
11 39.62 32.32 39.54 27.88 42.30 30.62 42.24 31.14 42.80 32.54
12 17.50 15.30 17.32 13.32 18.32 14.14 18.40 14.48 19.06 15.06
13 24.56 21.28 24.36 18.60 25.80 19.44 26.26 19.94 25.18 20.44
14 12.80 12.24 12.86 10.56 13.68 11.66 14.10 12.16 14.86 12.54
15 26.32 20.64 26.42 17.32 28.54 20.12 29.88 21.86 33.06 23.64

* Cases of the location parameter arrangements are given on page 38

Table 5.175. Percentage of Rejection for k = 4; Normal Distribution: Block =8, ni=nz =ns=4

and nz = 20
Method
Case* Ci C T1 T, T3 Ta Ts Ts T7 Ts
1 5.32 5.06 5,72 5.04 5.32 5.04 5.12 4.88 5.14 5.10
2 17.84 14.96 17.60 13.22 18.18 14.26 18.02 14.14 17.22 13.44
3 18.42 15.98 18.08 14.10 18.24 15.36 17.60 14.94 18.30 15.48
4 15.60 13.40 15.24 12.02 15.34 11.78 15.14 11.44 12.92 10.76
5 2552 1986 24.62 16.30 28.24 20.66 30.16 23.10 33.30 23.38
6 29.70 2424 2952 2060 30.86 22.88 31.12 2398 32.62 23.60
7 32.56 27.42 32.86 23.24 32.32 23.22 30.76 22.66 26.38 19.42
8 62.18 47.24 61.70 39.96 63.02 43.50 63.40 45.38 56.50 37.08
9 69.50 56.16 68.22 47.18 72.12 53.74 71.82 55.58 74.04 55.24
10 17.90 15.94 17.76 13.76 18.38 15.08 17.66 14.64 18.68 15.24
11 47.94 38.16 47.68 31.76 50.38 36.30 51.00 38.28 53.14  36.84
12 21.00 17.84 20.60 15.44 21.92 17.18 22.30 17.76 22.62 17.32
13 27.44 21.44 27.64 18.60 29.56 20.90 29.64 22.32 29.38 20.36
14 15.54 13.40 15.38 12.00 16.42 13.92 17.36 14.60 18.96 15.10
15 35.76 27.74 35.28 23.64 39.88 28.66  41.78 32.02 45.88 31.60

* Cases of the location parameter arrangements are given on page 38
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Table 5.176. Percentage of Rejection for k = 4; Exponential Distribution: Block = 8, n1 = n3 = n4
=4andn; =20

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 5.24 4.86 4.88 4.56 5.24 4.76 5.14 4.88 5.20 5.12

29.68 2382 29.86 19.86 29.82 2040 2896 19.92 28.12 18.52
3 3110 2598 3032 2194 3118 2280 29.92 2258 3158 22.48
4 2752 2278 27.24 19.84 26,72 1886 2562 1836 21.92 16.04
5 40.12 2952 39.18 23.64 4552 3186 49.86 36.96 56.46 35.66
6 5152 40.88 5156 3438 5298 3734 5212 3798 55.64 37.30
7 59.84 48.64 59.80 41.68 5796 40.24 5442 38.10 48.12 3294
8 86.46 71.86 86.46 62.66 88.26 67.38 88.60 69.60 8520 58.66
9 9236 82.06 9238 7260 9348 78.78 9252 80.38 9552 82.86
10 31.68 25.00 31.24 2112 3196 2248 30.28 2232 3162 2298
11 7498 6094 7510 5156 77.88 5838 77.34 6132 8170 61.48
12 34.04 2656 33.62 2216 3554 2474 3564 2522 36.78 24.38
13 47.08 36.04 4724 29.44 49.66 3280 4952 3416 49.22 30.02
14 26.14 1996 26.00 16.40 2842 1956 28.78 20.72 32.08 20.76
15 56.98 4358 56.86 35.72 6242 4480 63.78 4950 72.80 50.20

* Cases of the location parameter arrangements are given on page 38

Table 5.177. Percentage of Rejection for k = 4; T-Distribution: Block =8, n1 =n3 =ns=4and n,
=20

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 5.18 5.40 5.42 5.38 5.18 5.44 5.12 5.38 5.22 5.74

13.74 1218 1386 10.90 1396 11.68 13.94 1154 1334 1124
3 1492 1364 1506 12.06 1484 1224 1482 1246 1474 11.90
4 13.04 1174 1284 1050 1270 1046 12.02 10.16 10.88 10.02
5 20.26  17.00 20.56 1478 2270 17.74 2390 1952 27.18 19.76
6 23.72 1898 23.06 16.36 24.12 1822 2412 1858 2532 18.52
7 27124 2264 2672 1920 2648 1928 2484 18.62 2232 16.64
8 4790 36.36 47.26 2954 4958 3298 5042 3512 4528 28.12
9 53.66 43.86 53.66 37.04 5588 4140 5592 4312 58.20 42.66
10 1486 1312 1442 1158 1454 1206 1426 11.86 14.86 12.50
11 36.06 2792 3538 2348 3780 27.04 3794 28.02 3938 27.26
12 1536 1312 1522 1150 16.24 1246 16.06 13.36 16.48 12.86
13 2054 1698 2028 1490 2116 1654 2162 1718 2152 16.30
14 13.32 10.34 13.02 9.28 1414 1094 1416 1162 1466 11.84
15 2728 2162 2696 18.04 2960 2192 31.06 2422 3468 2384

* Cases of the location parameter arrangements are given on page 38
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Table 5.178. Percentage of Rejection for k = 4; Normal Distribution: Block =8, n1 =n=nz=4
and ns = 20

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 4.90 5.18 4.84 5.18 4.92 5.12 5.14 4.96 5.10 5.06

19.68 17.70 19.82 1562 20.16 16.60 19.84 16.26 18.78 15.44
3 18.94 16.38 1888 1460 1932 15.18 1850 15.12 18.22 1422
4 1550 1352 1574 1152 16.42 1278 16.38 13.24 1410 10.72
5 4232 4126 4184 3736 3998 3426 3758 3150 47.20 39.72
6 36.90 3232 36.34 2876 3690 2848 3598 27.60 36.38 27.92
7 3518 28.26 3442 2404 3790 26,58 38.38 28.18 2950 21.18
8 78.14 7214 7766 6514 7830 6576 7844 6514 7278 60.14
9 8226 76.62 81.74 70.48 8226 69.82 80.84 6750 8250 68.60
10 18.94 16.08 18.62 14.06 19.66 15.00 1890 15.02 18.80 14.30
11 61.10 56.78 60.70 51.04 60.64 49.58 58.70 46.80 62.14 50.26
12 2416 2294 2404 2056 2472 2064 23.70 19.68 2456 20.38
13 38.02 3576 38.06 3158 3744 3084 36.36 2888 37.66 30.76
14 23.08 2210 2276 20.08 21.88 1898 20.60 1748 2430 20.76
15 5438 52.06 54.06 47.38 52.06 42.88 4940 39.30 58.92 48.46

* Cases of the location parameter arrangements are given on page 38

Table 5.179. Percentage of Rejection for k = 4; Exponential Distribution: Block =8, n1 =n2=n3
=4 and ns =20

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 5.04 5.06 5.18 4.64 5.06 4.90 5.22 5.00 5.20 4.88

36.58 3228 36.34 2892 3726 2954 36.32 2942 3326 26.98
3 33.22 2822 3224 2450 3440 26.64 33.68 2620 32.00 24.14
4 27.08 2332 2690 20.88 2890 2246 28.70 2314 2334 18.64
5 68.70 6750 6850 6292 64.64 5690 6144 5226 7552 65.04
6 62.38 56.00 6226 50.82 62.14 49.24 59.60 46.90 63.26 50.26
7 5790 47.04 5752 4094 6132 4512 60.82 4592 49.12 36.06
8 9438 88.70 9438 8454 9388 8260 9296 8056 9286 80.52
9 95.74 9128 9568 8710 9512 8526 93.34 8166 96.22 86.30
10 3202 2746 3138 2380 3360 2642 3254 26.08 29.70 23.40
11 8748 8186 87.30 7644 86.24 7352 8322 69.78 88.60 74.90
12 46.54 4312 46.26 38.84 4532 3722 4350 3546 46.76 38.28
13 64.08 5956 6392 5490 6252 52.08 6052 4932 6388 52.84
14 3952 3986 3916 36.68 3794 3466 3670 3230 43.08 37.58
15 7980 7760 79.88 7270 7682 6742 7332 6270 8484 73.78

* Cases of the location parameter arrangements are given on page 38
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Table 5.180. Percentage of Rejection for k = 4; T-Distribution: Block =8, n1 =n> =nz3=4 and
ns =20

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 4.98 5.34 5.12 4.94 4.82 5.00 4.74 4.94 5.16 5.02

16.30 1446 1632 1270 16.78 1324 1642 13.10 1556 12.80
3 1448 1354 1468 1250 15.68 13.16 15.18 13.24 1468 12.58
4 12.24 10.80 12.04 9.82 1292 1056 1286 11.32 10.88 9.52
5 32.88 3260 3238 29.62 3090 27.04 2920 2484 36.30 31.20
6 26.84 25.04 2754 21.78 2692 2194 2598 20.78 27.68 21.64
7 2538 2016 2484 17.04 2766 1942 2772 2040 2116 15.12
8 61.20 55.80 60.60 4956 62.00 49.38 6146 49.14 56.36 45.20
9 6540 59.86 6496 53.68 6586 5274 63.90 50.38 6594 52.10
10 1486 13.00 1522 1182 1534 1230 15.00 11.90 1400 11.78
11 4798 4314 4796 3822 47.04 3718 4486 3536 48.02 37.64
12 19.50 1846 1942 16.62 19.28 16.08 18.88 1584 1954 16.74
13 28.88 26.84 28.60 2398 2876 23.10 28.02 22.64 28.44 23.68
14 17.74 1716 1826 1594 1754 1554 1642 1480 19.00 16.44
15 42.08 3898 4156 3544 4030 3262 3788 30.06 4512 36.94

* Cases of the location parameter arrangements are given on page 38

Table 5.181. Percentage of Rejection for k = 5; Normal Distribution: Block =8, n; =20 and n; =
N3=N4=Ns=5

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 4.82 4.80 4.92 5.04 4.74 5.14 4.52 4.82 4.94 4.94

3344 3022 3328 2626 3376 2692 3320 2642 30.72 25.64
3 2492 2178 2454 1816 26.16 19.60 26.36 20.28 2750 21.86
4 2436 1982 2476 1650 26.42 1844 28.60 20.44 3446 24.78
5 20.74 18.64 2052 1592 2132 1702 2100 16.82 20.80 17.32
6 23.92 2208 2352 1932 2486 1980 2454 19.62 2528 20.82
7 39.18 3536 3830 31.06 3852 3080 37.62 2988 3424 2942
8 3576 29.86 3564 2444 3828 2744 3916 29.14 4370 33.16
9 30.54 25.84 30.02 2190 3262 2428 3274 2416 3464 27.14
10 40.40 3482 39.70 28.74 4184 31.02 4166 31.18 41.68 32.64
11 18.38 1538 18.08 14.00 19.20 1492 19.84 1554 2140 16.54
12 48.14 3890 46,58 3146 5196 36.04 5520 38.60 6148 4514
13 59.34 5140 58.62 4224 6152 4582 6120 46.02 6242 49.30
14 37.06 3468 36.36 3010 3698 3032 3624 29.06 3136 2740
15 36.46 3354 36.08 2868 38.02 2984 3766 2896 3510 29.88

* Cases of the location parameter arrangements are given on page 38
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Table 5.182. Percentage of Rejection for k = 5; Exponential Distribution: Block = 8, ny = 20 and
N2=N3=Ms=nNs=5

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 5.78 5.36 5.62 5.18 5.52 5.54 5.50 5.52 5.16 5.28

58.36 52.72 58.18 4490 58.62 44.76 57.18 43.02 5474 4414
3 4484 3800 4496 30.86 46.90 3322 46.82 33.62 50.62 37.82
4 40.56 3148 3950 2450 44.42 28.02 48.66 3212 56.68 37.74
5 3746 33.02 36.72 2754 38.88 29.28 3782 2888 36.84 29.90
6 4326 3724 4286 30.60 4458 31.98 44.06 31.20 45.16 34.38
7 67.52 6232 67.22 5426 67.22 53.74 6560 5148 6192 52.04
8 60.98 5050 60.64 40.98 65.20 46.42 6590 48.66 74.48 55.96
9 5220 43.08 51.06 34.68 5536 39.36 55.62 40.14 59.64 43.94
10 67.04 58.74 66.60 49.46 69.44 5210 6894 5186 70.12 55.88
11 28.80 2462 2828 1992 3110 2220 3246 2332 36.92 26.70
12 73.78 6278 73.84 4956 78.12 5730 79.92 6230 88.88 72.60
13 87.22 80.78 86.68 71.06 88.76 7472 88.16 7422 89.80 78.98
14 66.14 6186 6592 53.74 66.36 53.10 64.44 50.12 58.44 49.36
15 65.08 59.04 6520 50.22 66.78 51.72 6458 50.02 63.00 51.88

* Cases of the location parameter arrangements are given on page 38

Table 5.183. Percentage of Rejection for k = 5; T-Distribution: Block =8, n1 =20 and n, =n3 =
na=ns=5

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 4.96 4.96 5.18 4.96 5.36 5.10 5.32 5.24 5.14 5.06

23.72 22.02 2390 1850 24.02 1892 2426 19.00 2270 19.34
3 18.76 1570 18.74 1402 20.16 15.04 20.60 1574 2158 16.60
4 1950 16.26 1956 13.62 20.56 15.14 22.00 16.72 25.92 18.80
5 16.02 1460 1558 1320 16.34 13.30 15.88 1350 15.66 13.62
6 19.20 1742 1846 1480 19.70 1528 20.00 15.06 19.20 15.68
7 27,76 26.28 2752 2286 2796 2292 2764 2254 2520 21.76
8 26.76 2252 2622 1888 2830 2082 29.10 21.78 3292 24.72
9 2372 1990 2310 1660 2512 1794 2478 1852 2570 19.76
10 31.20 27.88 30.88 2326 3224 2512 3270 2492 3234 2596
11 1434 12.04 1402 1060 15.12 1128 1556 11.68 16.84 12.72
12 37.34 3016 36.84 2490 40.00 28.10 4164 30.26 46.88 34.94
13 4418 38.68 4346 3246 4620 3452 46.14 3470 46.88 36.88
14 29.24 26.62 28.72 2332 2932 2382 2858 2284 2538 2196
15 2846 2520 2784 2154 2866 21.68 2822 2162 2658 2214

* Cases of the location parameter arrangements are given on page 38
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Table 5.184. Percentage of Rejection for k = 5; Normal Distribution: Block =8, ni =nz =ns=ns
=5andn3=20

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 4.50 3.88 4.40 4.04 4.80 4.80 4.82 4.62 5.20 4.84

25.02 1994 2480 1692 2644 20.24 26.08 2050 24.00 17.56
3 20.88 17.30 20.66 14.22 2258 1748 2236 1780 2498 19.30
4 24.04 1854 2338 15.02 26.72 19.64 2794 21.00 3490 24.48
5 18.64 1526 18.72 1328 19.68 1530 1894 1524 18.64 14.58
6 2210 1718 22.02 1462 2316 1710 2230 1716 2350 18.22
7 29.60 2444 2936 2034 3144 2410 3080 2424 2732 20.32
8 3340 2718 3358 2220 35.64 2648 3496 26.68 43.22 31.98
9 28.88 2292 2798 18.82 2950 2146 2820 21.26 3350 24.94
10 33.86 26.76 33.26 21.30 3558 2566 3506 26.00 3426 23.42
11 16.24 1352 16.14 1128 1752 13.82 17.52 13.66 20.98 15.92
12 46.34 36.62 4558 28.64 4936 3528 50.26 36.78 61.40 45.10
13 5480 4342 5372 3516 5542 3894 53.76 38.66 58.70 42.12
14 29.04 23.02 28.68 18.60 30.16 2204 2890 21.72 23.64 17.66
15 31.86 2510 31.68 20.78 3252 2320 3116 23.18 30.10 21.46

* Cases of the location parameter arrangements are given on page 38

Table 5.185. Percentage of Rejection for k = 5; Exponential Distribution: Block =8, n1 =n,=ns4
=ns=5andn3 =20

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 4.14 4.02 4.08 4.10 4.68 4.80 4.88 4.62 4.70 4.94

49.06 3878 49.20 3146 5050 3578 4898 35.66 4560 30.38
3 39.72 30.72 39.70 2474 4166 2922 4184 2994 4582 30.48
4 38.94 28.00 37.88 21.86 4262 2896 4544 3182 57.86 37.84
5 3442 2840 34.02 23.06 3498 2574 3362 2466 3192 2254
6 38.00 31.00 37.62 2544 39.28 2838 37.70 28.20 4146 29.42
7 5442 4400 5440 3590 5648 4046 5478 40.38 48.72 3240
8 60.30 47.62 60.00 36.86 6210 4296 6056 43.60 73.92 53.98
9 48.18 39.14 4758 3094 48.72 3436 46.44 3332 56.84 40.84
10 60.58 49.44 60.72 40.08 6240 4516 6044 4486 60.74 40.38
11 27.84 2110 2728 17.04 2998 2102 2984 2176 3710 2536
12 73.14 58.74 7222 4652 7562 5494 7532 5644 8944 70.76
13 8226 7140 8210 59.32 8236 63.64 8016 6258 86.42 68.92
14 5548 45.00 5492 3718 56.28 4086 53.98 40.08 4406 29.22
15 57.82 4748 5744 3874 5756 4182 5486 40.68 53.30 37.14

* Cases of the location parameter arrangements are given on page 38
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Table 5.186. Percentage of Rejection for k = 5; T-Distribution: Block =8, n1 =n2=ns=ns=5
and nz =20

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 4.28 4.04 3.92 4.24 4.58 4.54 4.44 4.42 4.92 4.90

1994 1572 20.00 1318 2148 16.14 2140 16.68 19.62 14.82
3 17.84 1498 1746 1228 18.64 1532 19.14 1558 20.78 15.86
4 18.22 1504 18.76 12.68 20.26 15.64 20.56 16.40 25.64 19.20
5 1488 1254 1432 11.04 1524 1238 1438 11.80 1456 11.32
6 1720 1354 1684 1150 1794 1324 17.76 12.84 18.62 13.52
7 2234 1742 2196 1444 2382 1720 2348 1748 20.84 1450
8 26.54 2040 26.22 1656 2792 19.74 2760 2030 33.44 2392
9 2048 1752 2022 1416 2122 1694 20.72 16.74 23.44 18.98
10 2644 2112 2610 16.80 2790 20.56 27.62 20.86 26.70 18.64
11 13.54 1116  13.42 9.66 1474 1196 1452 1222 16.70 13.30
12 33.78 26.64 33.78 2140 3726 26.80 3796 28.22 46.64 32.62
13 39.70 31.60 38.62 2596 40.76 29.08 39.04 28.76 4272 31.10
14 2256 17.64 21.78 1406 2340 1692 23.04 1714 18.64 13.66
15 2420 1990 2398 16.64 2542 1896 2406 18.22 2272 16.88

* Cases of the location parameter arrangements are given on page 38

Table 5.187. Percentage of Rejection for k = 5; Normal Distribution: Block =8, n1 =n2 =nz=ns
=5and ns =20

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 5.12 4.94 5.10 4.72 4.94 4.78 4.78 4.92 5.20 4.96

32.06 29.32 3112 2550 3242 2592 3232 2564 29.38 23.46
3 3276 31.20 3198 27.70 31.74 2656 30.66 2490 3342 27.60
4 46.12 4790 45.06 44.14 4234 3934 4078 36,52 5146 46.72
5 2156 1834 2086 1574 2208 16,52 2150 16.52 19.72 14.70
6 2558 2384 2530 2068 25.62 2098 2538 20.02 2570 20.20
7 3476 3146 3444 2644 3530 2752 3534 2744 3126 23.90
8 50.54 48.82 4940 4320 4920 4128 4700 3840 5442 44.76
9 3430 3094 3366 2682 3482 2760 3340 2620 3572 2794
10 46.52 4344 46.16 38.04 46.28 3758 4492 36.42 4410 3558
11 26.08 2548 2560 23118 2502 2230 2398 2092 27.78 23.86
12 7444 7320 7322 6758 7134 6354 6850 5956 79.74 70.50
13 63.78 57.34 6292 4876 6498 50.36 63.06 48.60 62.66 47.92
14 3286 28.02 3276 2318 3478 2548 3494 2574 2764 19.84
15 3428 2992 3442 2512 3578 2630 3524 2642 3194 2374

* Cases of the location parameter arrangements are given on page 38
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Table 5.188. Percentage of Rejection for k = 5; Exponential Distribution: Block = 8, ny = n2 = n3
=ns=5and ns = 20

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 5.22 5.62 5.12 5.80 5.32 5.74 5.26 5.54 5.10 5.62

58.88 53.20 5852 46.02 58.68 46.08 57.18 4448 5438 41.26
3 57.70 57.74 57.86 5150 56.16 48.46 5414 4558 60.96 51.86
4 7258 7430 7168 69.70 6798 62.78 6524 58.44 7938 72.34
5 39.16 3480 39.00 29.96 4030 30.82 39.14 3050 36.24 28.06
6 46.98 4148 46.32 36.14 4774 3654 4598 3580 45.18 33.98
7 62.60 57.36 6292 49.64 6350 50.38 6232 49.52 57.24  43.58
8 80.48 76.92 80.40 70.28 7794 66.50 7422 62.64 84.60 72.04
9 59.60 5456 59.46 47.80 60.78 48.68 58.68 46.46 62.54 48.64
10 7558 7042 7534 6340 7460 6176 7274 59.42 7488 60.74
11 46.76  45.82 46.76 4150 45.06 38.32 4288 3590 50.96 42.72
12 9314 9192 9280 8790 9042 83.04 87.76 78.08 96.36  89.00
13 87.04 80.82 86.82 7254 8780 7434 86.00 7174 86.80 71.00
14 57.76  50.14 57.32 42.08 60.50 4498 59.56 4518 4854 35.34
15 62.92 5496 6240 46.44 6444 4934 63.06 4850 58.26 42.76

* Cases of the location parameter arrangements are given on page 38

Table 5.189. Percentage of Rejection for k = 5; T-Distribution: Block =8, n1 =n,=n3=ns=5
and ns = 20

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 5.40 5.10 5.10 4.72 5.22 5.22 5.26 5.52 5.30 4.90

2544 2366 2474 2074 2580 2116 2564 20.76 2280 18.66
3 23.98 2290 2380 2032 23.70 19.64 2254 19.06 24.62 20.78
4 3558 36.78 3520 3360 3278 2998 3122 27.74 3980 35.60
5 16.94 1496 1680 1310 1740 1406 1736 1346 16.20 1254
6 1952 18.10 19.10 16.14 2042 16,52 19.68 1590 18.82 15.62
7 27.30 2408 27.06 2132 2764 2160 2726 21.74 2400 18.92
8 39.28 37.76 39.18 3344 3842 3274 36.76 3052 4186 34.40
9 26.12 23.84 2556 2084 26.60 2188 2542 2080 2752 20.86
10 36.28 3390 3526 3018 3590 2996 3524 2882 3488 28.60
11 1928 1882 1880 1658 18.26 16.06 18.30 1538 20.80 17.44
12 56.54 56.54 5582 5156 53.66 47.94 5154 4396 6244 53.52
13 48.08 43.86 4790 3752 48.66 3854 4726 37.06 47.46 36.48
14 2506 2152 2468 1768 2652 1952 2646 1998 2110 1534
15 28.12 2514 2772 2132 2912 2242 2852 2224 2710 20.08

* Cases of the location parameter arrangements are given on page 38

149



5.3.3. Portion of the RCBD is smaller than the CRD

Here, we discuss the results of the simulation study when the proportion of the number of
blocks in the RCBD portion is smaller than the sample size in the CRD portion. In terms of the
level of significance (o), all the proposed methods maintain their type-1 error. The estimated type-
| are close to 0.05 which is the desired level of significance. This holds for k = 3, 4 and 5 regardless
of the underlying distribution.

For k = 3, we note that when the sample sizes follow nonincreasing pattern (e.g., n1 = 16
and n2 = n3 = 8), the proposed methods T1, T3, Ts and C; are close to each other in terms of the
estimated powers. This can be observed when the last two parameters are similar and the first one
is distinct such as (0, 1, 1). Notice that there are also situations in which the proposed methods Ti,
T3, Ts, Tz and C1 have approximately equal estimated powers, for example, when the location
parameters are unequally distant such as (0.05, 0.25, 0.5) and (0.2, 0.5, 8). Otherwise, T7 is the
most powerful proposed method.

Further, the results indicate that when the sample sizes follow an umbrella pattern (e.g., nz
=n3 = 8 and n2 = 16) are similar to those in the nonincreasing pattern. However, we observe that
when the sample sizes follow nondecreasing pattern (e.g., n1 = nz = 8 and ns = 16), the results are
similar with a few exceptions. The exceptions arise when the location parameters follow the pattern
that the last two parameters are the same such as (0.5, 1, 1). In this case, the proposed methods Ts,
Ts tend to have the highest estimated powers.

For k = 4, when the sample sizes follow the nonincreasing pattern (e.g., n1 = 20 and n; =
ns = n4 = 10), we find that the proposed method T+ has the highest estimated powers among the
other methods. This can be seen under many cases such as (0,0,0,0.5), (0.05, 0.1, 0.3, 0.5) and (0,

0, 0.05, 0.3). The same results hold when the sample sizes follow the umbrella pattern. However,
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under the nondecreasing pattern of sample sizes, we note that Tz and C1 both have the best
performance compared to the other methods.

For k =5, the results reveal that when we have sample sizes follow a nonincreasing pattern
(e.g., n1 =16 and n2 = n3 = ns = ns= 8), there are cases where the proposed methods Ty, T3, Ts, T7
and Cz have similar powers to each other such as (0, 0, 0.25, 0.25, 0.5), cases where the proposed
methods T1, T3, Ts and C; are having similar estimated powers such as (0.05, 0.15, 0.25, 0.35,
0.45), and cases where only the proposed method T+ has the highest estimated powers such as (0,
0,0,0.1, 0.3). In general, the proposed method T~ has the highest estimated powers in several cases.
This is also true if we assume the sample sizes in the CRD portion follow the umbrella and the

nondecreasing patterns. The results are presented in the following tables.

Table 5.190. Percentage of Rejection for k = 3; Normal Distribution: Block =8, ny = 16 and n; =
n;=38

Method

Case* Cy C T, T T3 T4 Ts Ts T7 Ts
1 4.66 4,92 4.82 4.88 4,78 4.80 4.68 4.74 5.24 4.58
3478 2764 3444 2600 36.38 28.26 37.16 29.60 4148 31.88
3 43,36 38,98 4288 37.06 4214 3596 4134 3434 3492 30.70
4 33.22 2938 33.26 28.02 33.52 28.74 33.38 28.92 3352 28.66
5 39.48 3452 39.34 3288 39.12 3314 3868 3216 37.32 31.30
6 79.24 6498 7858 6190 82.42 67.90 8392 7158 88.28 75.28
7
8
9

90.28 85.74 90.06 8392 89.04 8114 8846 7854 78.76 72.90

86.00 7792 8588 7570 86.24 76.12 8576 7568 84.64 75.14

33.88 2824 3364 2690 3584 29.28 3714 3096 4120 32.82
10 43.68 39.62 4336 37.86 4208 36.26 4139 3436 3478 3120
11 78.72 70.12 78.00 6780 79.04 68.28 7850 68.06 78.78 68.28
12 48.04 39.64 47.80 37.80 4878 39.36 49.64 39.94 49.84 4040
13 40.16  33.02 39.82 3140 40.18 3204 3948 31.72 3842 3118
14 51.32 4366 50.76 4124 5130 4204 5150 4190 4958 41.32
15 64.12 5252 6344 5040 66.32 53.74 6752 5596 7156 58.30

* Cases of the location parameter arrangements are given on page 38
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Table 5.191. Percentage of Rejection for k = 3; Exponential Distribution: Block = 8, ny = 16 and
n=nz=8

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 5.16 5.46 5.12 5.42 5.36 5.28 5.42 5.40 5.20 5.20

57.34 44776 57.10 41.88 60.24 46.52 62.08 49.78 68.12 53.38
3 68.86 63.72 68.08 6150 6740 59.22 6566 56.68 56.18 50.72
4 59.20 50.90 58.80 4852 59.22 4850 58.60 47.68 59.30 48.30
5 66.78 59.66 66.68 57.44 66.46 56.02 6506 5448 63.28 54.78
6 9354 84.04 9338 8190 9524 8726 9580 89.80 98.06 93.56
7 97.80 9570 97.34 9476 9752 9400 9736 9324 92.68 88.84
8 98.22 9560 98.22 9442 98.18 9392 97.72 93.18 98.26 94.76
9 56.46 4460 56.26 4252 59.66 47.18 61.12 49.98 67.36 53.44
10 69.12 6296 68.48 60.92 6766 58.88 66.14 56.48 56.20 51.28
11 96.00 91.84 96.20 90.48 9594 90.04 9516 89.16 96.70 91.04
12 76.02 66.26 76.28 63.26 76.74 6438 7596 6422 79.18 67.40
13 67.44 5898 67.34 5650 67.10 5568 66.10 54.68 66.48 55.28
14 78.62 7040 78.44 6770 7830 6736 7686 66.36 77.68 67.24
15 88.10 76.78 87.94 7412 8958 77.38 90.04 79.24 9348 83.70

* Cases of the location parameter arrangements are given on page 38

Table 5.192. Percentage of Rejection for k = 3; T-Distribution: Block =8, ny =16 and n, =n3=8

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 5.32 5.60 5.58 5.52 5.30 5.40 5.26 5.34 5.32 5.08

26.78 2124 2680 1998 2760 2182 2842 23.08 31.14 2442
3 32.86 30,58 3266 29.36 3202 2792 30.60 26.54 26.30 24.22
4 2482 2258 2538 2154 2530 2188 2576 22.04 2480 21.42
5 3110 2732 3060 2640 3040 2582 30.00 2544 28.62 24.64
6 6342 5156 62.66 48.84 6640 53.86 6852 56.68 74.10 60.76
7 7510 70.00 7490 68.00 73.62 6538 7182 62.74 6240 57.52
8 7058 6198 70.62 59.76 7106 60.30 7048 59.78 69.36 59.40
9 27.02 2178 2692 2084 2816 2260 2888 23.76 3164 2514
10 3226 30.00 3190 2894 3106 2766 30.65 2642 26.06 23.90
11 62.26 5350 61.68 5112 6238 52.00 6214 5204 6190 5192
12 36.64 30.68 36.32 2936 3726 3020 3724 3032 3816 3136
13 29.74 2580 29.72 2488 29.74 2508 2942 2458 29.18 24.26
14 3846 3354 3882 3192 3870 3226 38.04 3168 3770 3134
15 49.28 39.80 48.64 38.08 51.20 4052 52.34 41.86 5540 44.44

* Cases of the location parameter arrangements are given on page 38
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Table 5.193. Percentage of Rejection for k = 3; Normal Distribution: Block =8, n1 =nz3= 8 and

n.=16
Method
Case* C1 C T T T3 T4 Ts Te T7 Ts
1 4.80 5.32 4.86 5.24 4.80 5.14 4.88 5.32 4.80 5.34
2 34.24 26.74 34.06 25.12 34.60 25.12 35.14 25.90 40.86 31.76
3 35.42 28.30 35.06 26.76 35.64 26.76 35.72 27.56 25.80 20.22
4 30.22 24.62 29.82 23.82 30.32 23.50 30.28 23.92 30.00 23.24
5 36.22 29.70 3598 28.28 36.38 28.38 36.68 29.12 33.20 25.92
6 78.52 66.08 77.64 62.96 78.84 64.04 79.20 65.24 87.30 75.30
7 78.82 65.28 78.38 62.20 79.26 63.42 79.06 64.68 59.84  43.60
8 81.78 69.56 81.44 66.74 81.92 66.58 81.26 67.18 79.08 64.18
9 33.82 27.44 33.90 26.16 34.06 26.40 34.10 27.06 40.50 31.96
10 34.82 28.38 34.90 26.82 35.06 26.74 34.86 27.72 26.32 19.52
11 72.44 60.60 72.20 58.00 72.82 58.20 72.14 58.76 71.60 56.54
12 4574 37.20 4540 3538 4586 3528 4560 36.00 46.36 35.96
13 34.12 27.30 33.96 25.96 34.24 25.88 34.02 26.56 33.10 25.36
14 44.44 36.36 44.36 34.48 44,70 34.34 44,50 35.12 43.18 33.56
15 63.40 51.04 6268 4810 63.30 4850 63.04 49.44 70.68 55.84

* Cases of the location parameter arrangements are given on page 38

Table 5.194. Percentage of Rejection for k = 3; Exponential Distribution: Block =8, n1 =n3=8

and n,= 16
Method

Case* Ci C T1 T, T3 Ta Ts Ts T7 Ts
1 5.14 5.02 5.28 4,96 5.30 4,78 5.40 4.96 5.18 4,92
2 57.30 4438 56.52 41.72 57.60 42.64 5744 4432 68.38 52.92
3 55.72 45,48 55.54  43.62 56.12 4410 56.22 44.98 41.56 30.42
4 5456 43.80 55.04 4158 5428 40.92 5290 40.98 5350 40.08
5 61.18 50.88 61.40 4846 60.72 47.38 59.62 4752 56.70 42.70
6 93.60 8334 9322 80.34 93.26 81.20 93.00 8220 98.26 93.02
7 91.14 79.34 90.34 77.22 91.66 78.62 92.26 80.28 77.56 59.08
8 96.16 89.74 96.30 88.12 95.88 86.94 94.82 86.14 96.54 87.58
9 56.86 4452 56.44  41.80 56.96 42.46 56.94 44.02 67.68 53.26
10 57.12 46.76 56.70 44.64 57.24 44,74 57.62 45.88 42.58 30.98
11 93.86 84.94 93.70 83.30 93.26 81.92 91.92 80.92 94.14 83.22
12 72.86 60.38 72.90 57.44 72.40 56.88 70.50 57.16 75.34 59.80
13 61.20 50.70 61.44  48.26 60.78 47.98 59.32 48.02 59.22 45.58
14 72.94 60.04 73.28 57.72 72.48 56.56 70.32 56.34 71.28 55.60
15 86.88 75.56 86.54 72.74 86.46 72.66 85.82 73.14 93.22 82.76

* Cases of the location parameter arrangements are given on page 38
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Table 5.195. Percentage of Rejection for k = 3; T-Distribution: Block = 8, n1 =n3=8 and n,= 16

Method

Case* C1 C» T1 T> Ts Ta Ts Ts T Ts

1 4.92 5.44 4.90 5.32 5.04 5.26 5.16 5.38 5.22 5.12

26.00 21.64 2640 2050 26.12 20.66 26.42 21.30 31.78 24.56
3 26.28 21.94 2642 2056 26.22 20.82 26.08 21.28 20.48 16.38
4 22,70 1948 22,68 18.66 22.64 1850 2268 1852 2196 18.42
5 2794 2190 2766 2060 2794 2034 2762 21.00 2554 18.78
6 62.74 5094 61.78 48.46 63.28 49.00 63.42 5056 73.22 59.80
7 63.30 50.30 62.34 47.74 63.40 48.16 63.66 49.72 46.78 34.02
8 65.04 5256 64.80 50.14 65.14 4996 64.88 50.44 62.18 47.90
9 2710 2110 26.72 20.08 27.04 20.10 2724 2096 3216 24.62
10 26.78 21.24 2676 2042 2694 20.08 26.76 20.62 19.92 15.04
11 56.80 4540 56.56 43.36 56.68 43.30 56.00 43.46 5556 42.68
12 3484 2750 3474 2598 35.04 2596 3436 26.52 36.02 27.46
13 2584 21.06 2546 1990 25.84 1986 2590 2054 25.14 19.94
14 3546 28.70 3516 27.06 3580 2740 3542 28.04 3384 26.90
15 49.06 38.74 48.66 36.98 49.18 36.74 48.88 37.24 55.88 43.30

* Cases of the location parameter arrangements are given on page 38

Table 5.196. Percentage of Rejection for k = 3; Normal Distribution: Block =8, n1 =n,=8 and
n;=16

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 4.90 4.94 4.84 4.78 4.96 4.68 5.14 4.62 4.70 4.80

4296 39.32 4288 3780 4160 36.42 40.26 35.04 47.20 39.78
3 3486 2756 3448 2590 36.46 2852 3758 29.98 28.10 21.06
4 33.70 28.64 3324 2726 3374 2750 33.00 27.16 3328 25.96
5 38.10 33.02 3770 31.30 3866 3212 39.02 3184 3560 29.10
6 90.28 85.78 89.78 8422 89.14 8176 8812 79.08 93.46 87.10
7 7858 6438 77.66 6144 8160 6722 8318 70.16 6544 49.36
8 86.38 79.24 86.32 76.78 8650 7712 8572 7688 8490 73.48
9 4330 39.86 43.36 3848 42112 36.60 4054 3476 47.20 39.86
10 3520 2794 3476 2628 3690 2820 3818 29.70 28.10 2158
11 80.00 7110 79.72 69.02 79.98 68.70 7954 6822 7894 66.72
12 5292 4580 5254 4400 5206 4314 5132 4226 53.16 42.78
13 39.62 3352 3920 3226 3952 3256 3918 3262 37.76 30.64
14 4998 4254 4966 4098 50.08 40.76 49.38 40.22 48.04 38.58
15 7538 68.82 7534 66.62 7394 6424 7244 6220 79.00 68.66

* Cases of the location parameter arrangements are given on page 38
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Table 5.197. Percentage of Rejection for k = 3; Exponential Distribution: Block =8, n1 =n,=8
and n3=16

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 4.66 4.94 4.82 4.76 4.62 4.86 4.56 4.92 4.94 4.74

70.54 65.08 70.32 62.72 68.74 59.82 66.34 56.84 76.64 65.26
3 56.00 4544 5590 42.82 58.84 4694 60.14 4888 4552 35.46
4 60.86 51.90 60.60 4990 59.86 49.28 58.66 47.86 58.88 47.74
5 63.72 5480 63.78 52.84 63.82 5340 6340 52.70 60.60 48.76
6 97.94 9536 97.86 94.08 97.22 9198 96.16 90.08 99.10 96.00
7 9136 79.72 90.56 77.42 93.00 8232 93.88 84.74 8160 66.82
8 97.16 92,64 97.20 9142 96.82 90.50 96.40 89.12 96.58 89.58
9 69.80 64.08 69.34 6210 68.10 59.18 6562 56.54 75.80 65.30
10 55.00 45.02 54.04 4344 5746 46.84 5946 4936 4472 34.88
11 9542 89.86 9556 88.68 9498 87.70 94.04 86.28 95.46 87.22
12 79.12 70.72 7886 6852 78.08 66.70 76.18 64.74 7956 67.98
13 66.26 58.12 66.10 56.32 65.86 5558 6430 54.60 64.46 53.84
14 77.08 6894 77.36 66.72 76.80 6586 7504 6448 75.62 63.72
15 9346 88.44 9346 86.62 9248 8434 90.84 81.62 95.36 88.00

* Cases of the location parameter arrangements are given on page 38

Table 5.198. Percentage of Rejection for k = 3; T-Distribution: Block =8, n1 =n,=8 and nz= 16

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 5.52 6.22 5.54 5.98 5.54 5.76 5.46 5.78 5.34 5.72

33.76  30.74 3362 29.18 3272 2772 3116 2654 36.66 31.16
3 27.30 2238 2748 21.30 2874 2276 2958 23.60 2236 17.34
4 28.12 2388 2842 2264 2844 2250 28.08 2290 2756 21.52
5 28.86 2534 2892 2426 2970 2532 2938 2544 2724 2274
6 7598 7012 75.08 6798 7442 6514 7270 62.12 80.68 71.68
7 62.62 49.80 6224 4736 6532 5212 66.54 5482 50.82 38.24
8 69.74 6198 6954 59.72 70.00 60.04 70.02 59.66 68.02 56.96
9 3298 3056 33.02 2936 3190 2794 3112 2660 36.44 30.74
10 2534 2186 2568 20.70 26.64 2266 2760 2388 20.74 17.10
11 65.68 57.28 6494 5490 6552 5514 6436 5448 6352 52.56
12 38.18 33.86 3842 3230 3834 3210 3746 3154 3848 3164
13 2998 26.24 2974 2480 2992 2514 2960 2508 2886 23.36
14 3748 3250 37.04 3044 3778 3096 3754 3090 36.74 28.70
15 58.70  53.44 58.46 51.00 5734 4980 56.12 47.74 6294 5242

* Cases of the location parameter arrangements are given on page 38
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Table 5.199. Percentage of Rejection for k = 4; Normal Distribution: Block =8, ny =20 and nz =
ns=ns=10

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 5.22 4.70 5.02 4.80 5.22 4.86 5.26 4.94 4.98 4.72

2436 22.06 24.02 2110 2450 21.04 2418 2082 23.40 20.78
3 23.16 2158 23.04 2040 2350 21.00 2282 20.66 23.22 20.58
4 2120 19.76 21.02 1952 2096 1916 20.26 18.64 17.84 16.68
5 35.18 28.12 3482 26.84 36.74 2826 38.60 30.66 45.66 34.38
6 41.08 3392 40.82 32.04 4188 3272 4162 3278 43.12 34.22
7 53.82 48.66 53.40 46.62 53.40 4558 51.64 4434 4438 39.08
8 88.90 8450 8854 8250 8858 8152 88.66 81.78 8526 78.08
9 8752 80.10 86.52 77.12 88.18 78.68 87.84 79.38 89.66 80.94
10 23.60 20.08 2322 1942 2372 1934 2298 19.18 2290 18.70
11 67.18 58.42 66.42 5556 68.26 57.12 69.00 58.06 71.16 60.88
12 27.02 2338 2694 2224 2810 2296 2848 2336 2898 24.10
13 4120 3530 40.20 3350 4164 3430 4192 3512 4180 35.04
14 2142 1822 2074 1764 21.82 1852 2270 19.00 24.62 20.40
15 49.66 4042 49.28 38.30 5148 40.28 5318 4258 59.90 47.82

* Cases of the location parameter arrangements are given on page 38

Table 5.200. Percentage of Rejection for k = 4; Exponential Distribution: Block = 8, ny = 20 and
n2=n3=ns=10

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 5.02 5.12 5.22 5.22 5.02 5.20 4.98 5.20 5.06 5.18

46.78 40.80 47.10 38.76 46.10 37.96 4512 37.18 43,56 36.46
3 43.04 36.02 4198 34.12 4394 3494 4230 3420 4236 34.16
4 40.78 36.70 4042 3510 40.04 33.64 38.28 3220 33.00 28.34
5 57.66 46.34 56.72 4272 60.54 46.68 6346 50.76 73.66 58.80
6 70.00 60.86 69.80 5758 70.76 58.34 69.94 5840 73.00 62.06
7 8264 7782 8208 7530 8208 7346 80.00 7138 72.68 65.14
8 99.18 97.82 99.06 97.04 99.06 96.38 98.98 96.16 98.88 96.54
9 99.04 9720 99.04 9650 9898 96.28 98.72 96.06 99.46 97.88
10 43.06 36.12 4272 3464 43.62 3500 4230 3452 4192 3422
11 9246 86.42 9240 8394 9274 8446 9210 8432 9476 88.74
12 49.64 4232 49.74 4046 50.30 40.78 50.18 4152 52.68 43.36
13 7170 6446 7086 6182 7164 6138 7174 6190 7418 64.18
14 3546 28.08 3532 2668 37.06 2854 3836 2990 4326 3354
15 76.32 65.34 7552 6206 7824 6518 7942 67.78 88.36 76.96

* Cases of the location parameter arrangements are given on page 38
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Table 5.201. Percentage of Rejection for k = 4; T-Distribution: Block =8, n1 =20 and no=nsz =
ns=10

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 5.14 5.12 4.90 5.08 4.94 4.88 4.74 5.02 5.26 5.04

19.34 1736 19.02 1658 19.20 16,56 19.56 16.56 17.90  15.98
3 18.14 1582 18.10 15.02 1824 1546 1786 1534 18.22 15.50
4 16.96 1598 16.74 1538 16.92 15.02 16.06 14.62 1524 13.70
5 2752 2250 26.88 21.46 2848 2244 3022 2384 3470 26.54
6 30.68 26.32 3028 2532 3140 2584 3124 2644 3274 27.10
7 4118 35.88 40.82 3430 40.74 3364 3936 32.64 34.18 29.18
8 75.66 69.38 7516 66.48 7522 6516 7516 65.22 71.06 62.30
9 7232 6314 7162 5994 7342 6202 7258 6244 7548 63.90
10 18.52 16.06 18.34 1528 1898 15.68 18.38 1542 18.16 16.20
11 51.04 4310 50.28 4116 5232 4222 5290 4344 5474 4524
12 2120 1792 2064 1732 2138 1776 2140 1756 2248 19.02
13 3254 2798 31.76 26.64 3258 2694 3262 27.78 3256 27.32
14 16.28 14.04 16.10 1354 17.02 1408 17.26 14.64 1950 15.88
15 36.46 29.68 3584 28.16 3756 29.66 3858 31.30 4452 3494

* Cases of the location parameter arrangements are given on page 38

Table 5.202. Percentage of Rejection for k = 4; Normal Distribution: Block =8, n1 =n3=ns=10
and n2=20

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 4.94 4.94 5.08 4.90 5.02 4.78 4.90 4.76 4.82 4.74

23.00 18.92 2254 1848 2286 1824 2246 18.06 21.32 17.20
3 23.10 19.72 2276 1926 23.02 1896 2186 18.26 22.72 18.64
4 1954 1734 1920 16.70 19.14 1598 1892 1554 16.92 14.06
5 3530 27.78 3472 2628 37.62 29.22 3844 30.78 4534 3494
6 40.32 3312 39.18 3152 40.82 3262 4042 3280 42.08 34.20
7 46.38 38.32 4558 36,52 4570 3578 4484 3540 38.10 29.68
8 82.16 7024 8138 67.08 8264 6796 8312 69.14 76.78 6124
9 85.08 77.14 8470 7434 8574 7554 8538 7534 8760 77.88
10 2276 20.36 2258 1956 2276 1948 21.76 1858 2286 19.12
11 64.42 5424 6314 5116 6552 5316 6568 5406 68.20 55.46
12 26.72 2232 2654 2070 2720 2176 2736 2216 29.06 2242
13 38.22 3124 3756 2926 3860 3024 3938 3142 3812 30.02
14 2020 16.72 2042 16.06 2110 1720 2126 1766 23.94 19.32
15 50.12 40.10 49.06 3796 5238 4128 53.02 43.34 59.74 48.22

* Cases of the location parameter arrangements are given on page 38
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Table 5.203. Percentage of Rejection for k = 4; Exponential Distribution: Block = 8, n1 = n3 = n4
=10and n2=20

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 5.10 5.14 4.78 5.06 4.90 5.08 4.90 5.10 4.60 5.10

41.04 3434 4052 3264 40.64 3212 39.96 31.38 38.04 29.74
3 41.82 3572 40.82 33.80 4164 34.04 39.78 33.08 40.98 34.08
4 3510 29.26 3470 2790 3428 26.66 3296 2554 27.62 21.68
5 56.96 4496 56.28 4218 60.28 47.78 6258 5146 7276  58.02
6 68.70 58.60 68.24 55.68 68.80 5596 67.02 55.06 71.78 58.32
7 7450 6528 7398 6272 7328 59.86 7112 58.10 62.98 50.80
8 96.92 9194 96.82 89.58 97.08 90.00 96.94 90.34 96.48 87.00
9 98.30 9556 98.44 9424 9830 9426 98.04 9350 99.28  96.60
10 4112 3478 4040 32.78 40.72 32,60 39.34 31.18 40.50 32.30
11 89.80 8234 89.40 79.18 90.06 80.18 89.30 79.60 93.28  83.86
12 47.32 40.04 4720 38.08 48.18 39.06 4758 38.90 50.78 40.70
13 64.78 5466 64.76 51.20 65.28 52.02 6524 5228 67.20 52.12
14 3532 2916 3464 2746 37.16 2954 3766 30.52 4340 3294
15 7544 64.04 7500 6050 77.80 6518 78.48 66.78 87.64 75.08

* Cases of the location parameter arrangements are given on page 38

Table 5.204. Percentage of Rejection for k = 4; T-Distribution: Block = 8, ny =nz=ns= 10 and
n,=20

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 4.84 4.74 4.92 4.96 4.80 4.72 4.84 4.76 5.00 4.88

1758 1522 1714 1464 17.68 15.02 17.78 1524 17.02 1432
3 1796 1642 1778 1578 17.70 15.66 16.92 15.02 17.04 1582
4 16.34 1462 1624 1416 16.02 1396 15.64 13.60 1414 1264
5 2740 2154 2748 2068 29.12 2234 30.08 23.68 3542 26.88
6 29.76 2512 29.36 2390 30.00 2428 2988 2414 30.88 25.34
7 3588 3050 3552 2892 3524 2800 3420 2720 28.68 23.10
8 65.68 5324 65.00 5080 66.16 5160 66.70 5298 60.58 44.96
9 69.72 59.24 6886 5582 7036 5722 70.10 5734 7272 60.30
10 1890 1628 18.70 1588 1892 1572 1850 14.88 18.76  15.32
11 48.84 3990 48.06 37.64 4994 3994 4950 40.72 52.84 41.32
12 2040 18.06 20.08 1744 2082 1782 2066 1820 2280 18.70
13 28.56 2344 2822 2276 29.00 2348 2936 2382 2916 22.78
14 1716 1456 1694 1416 18.04 1476 1794 1488 19.78 16.36
15 3748 30.64 36.60 2918 39.00 3142 40.12 3286 4564 37.14

* Cases of the location parameter arrangements are given on page 38
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Table 5.205. Percentage of Rejection for k = 4; Normal Distribution: Block =8, n1 =n>=nz=10
and ns=20

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 5.06 5.54 5.10 5.68 4.84 5.28 5.08 5.20 5.08 5.70

2468 21.96 2436 21.18 2468 2112 2468 21.10 2342 19.98
3 2358 2012 2286 19.28 23.80 1950 2294 19.08 2244 18.86
4 19.24 17.02 19.00 1656 19.72 17.10 20.00 17.30 1584 13.52
5 4850 46.86 47.78 44.84 4590 4156 4490 39.70 55.66 49.34
6 4432 3994 4374 3784 4410 36.80 43.08 3590 44,52 37.78
7 4584 3820 4494 3576 47.06 37.60 47.20 38.28 37.24 29.46
8 89.14 84.04 8894 8186 89.00 8128 8894 8130 84.60 76.98
9 91.92 86.90 90.96 84.72 91.88 83.84 91.04 8256 91.66 84.30
10 2288 1938 2236 1846 2346 1846 23.04 1838 21.24 18.26
11 7538 6854 7462 6566 7436 6450 73.68 63.22 76.30 66.46
12 30.76  28.70 30.62 27.70 30.58 27.10 29.68 2650 3154 27.34
13 45.08 4198 44.48 40.60 44.02 38.82 43.68 3850 44.66 39.56
14 6242 60.02 6142 5760 6052 5410 59.02 52.00 68.64 61.56
15 2596 2466 2528 23.66 2518 2236 2422 2164 2812 25.10

* Cases of the location parameter arrangements are given on page 38

Table 5.206. Percentage of Rejection for k = 4; Exponential Distribution: Block =8, n1 =n2=n3
=10and ns=20

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 5.08 5.02 5.08 4.94 4.98 5.00 5.20 5.18 5.18 4.88

4408 39.14 4442 3768 4400 36.86 4286 36.42 4146 34.10
3 4262 36.30 4220 3448 4348 3532 4266 3524 39.84 32.82
4 3548 30.18 34.88 2898 36.08 29.86 3584 30.26 28.62 23.92
5 7640 7412 76.16 7184 7334 6680 7156 6436 8522 77.30
6 7442 6858 7412 66.06 7340 6416 7108 61.74 7524 65.20
7 73.10 6344 7280 60.76 7444 6218 7414 6292 6280 51.56
8 9890 9750 9894 96.68 98.66 9516 98.24 9428 9852 94.94
9 99.12 9790 9924 9728 9890 96.36 98.26 9476 99.34 97.02
10 4194 36.36 4090 34.72 4274 3574 4178 3530 40.12 32.62
11 9414 9196 9412 9044 93.02 8792 9170 8538 9544 9048
12 56.42 5194 56.42 49.78 55.62 4754 53.78 46.00 58.66 49.78
13 76.00 69.88 7540 6754 7384 6498 7254 6332 76.04 66.68
14 46.20 43.10 4598 4146 4438 38.80 4266 37.34 5096 44.38
15 88.84 8580 8856 8390 86.76 79.64 8440 76.86 93.16 87.30

* Cases of the location parameter arrangements are given on page 38
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Table 5.207. Percentage of Rejection for k = 4; T-Distribution: Block = 8, ny = n,=nz= 10 and
ns= 20

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 5.04 4.94 5.20 5.08 4.90 4.96 5.10 4.84 5.62 4.74

18.34 17.00 18.18 16.60 1858 16.30 1850 16.18 17.68 15.64
3 1796 1524 17.02 1446 1814 1474 18.02 1458 17.32 14.00
4 1524 1332 1482 1286 1546 13.34 1564 13.34 1356 11.26
5 37.70 3582 36.78 34.84 36.12 3174 3548 3046 4272 38.16
6 3248 2920 3230 2786 3214 2758 3174 2718 33.74 27.86
7 35.06 2832 3412 2718 35.62 2824 3570 28.78 28.12 2354
8 7526 69.00 7440 66.08 74.88 6526 7486 65.04 69.84 60.54
9 78.12 71.02 7760 68.78 7740 6758 76.18 65.66 78.46 68.08
10 18.96 16.08 18.34 1528 19.06 1554 18.68 1544 1912 1534
11 57.66  52.74 57.22 50.48 56.92 48.76 5584 4746 59.04 51.08
12 2496 2276 2430 21.88 2450 21.20 2420 20.60 25.02 22.48
13 3472 3184 3406 3060 3400 29.76 33.90 29.22 3428 29.96
14 2024 1922 1986 1858 1942 1768 1892 1714 2158 19.92
15 49.14 4690 4854 45.00 4750 4234 4638 41.00 54.38 47.50

* Cases of the location parameter arrangements are given on page 38

Table 5.208. Percentage of Rejection for k = 5; Normal Distribution: Block =8, ny =16 and n; =
N3=Ns=nNs=38

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 5.20 5.24 5.10 4.92 5.10 5.00 4.98 4.84 4.80 4.96

3526 31.58 34.66 28.44 3524 2850 3522 2828 32.64 26.48
3 28.96 2514 2850 2224 2972 2328 29.78 2402 3196 26.16
4 30.20 2510 30.08 21.82 31.32 2310 33.06 2498 39.98 29.90
5 23.22 2078 2280 1796 2354 1884 2316 1852 2278 18.82
6 2644 2416 2598 21.00 26.84 2162 2640 21.66 26.82 22.44
7 41.74 3844 4110 3438 4144 3436 4114 3372 36.24 31.06
8 4264 36.66 4248 31.62 44.08 3358 4548 3426 51.12 39.46
9 3394 2948 3378 2570 3498 2714 3500 26.66 37.08 29.08
10 4430 38.74 4400 3438 4532 3558 4476 3558 4474 36.20
11 2048 18.60 20.28 1648 2114 1762 2210 18.04 2474 20.16
12 55.94 48.02 5530 42.08 58.14 4472 59.88 46.54 68.94 54.26
13 65.34 57.72 6454 5128 66.24 5340 6530 5268 66.08 53.56
14 40.14 36.76 39.70 3270 4046 3278 39.10 3214 3376 28.54
15 4096 36.66 40.30 3230 4118 3270 4050 31.76 38.20 31.54

* Cases of the location parameter arrangements are given on page 38
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Table 5.209. Percentage of Rejection for k = 5; Exponential Distribution: Block = 8, n; = 16 and
N2=N3=Nz=Ns=8

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 4.88 4.98 4.94 4.96 5.06 4.96 4.96 4.94 5.16 5.22

62.38 56.64 62.00 51.24 62.02 5046 60.56 49.20 57.90 47.52
3 53.80 4582 53.44 40.06 5458 4132 5468 4186 57.66 45.38
4 4896 40.36 4848 3450 51.18 3760 53.88 40.56 67.04 49.86
5 4324 3794 4298 3350 44.04 3446 4286 33.34 40.80 32.90
6 4990 4328 49.14 3766 50.64 3896 49.90 3820 49.80 39.76
7 70.96 6494 71.06 59.22 7042 58.10 68.64 56.76 64.16  53.20
8 71.00 60.64 7116 5240 7270 55.22 7248 56.56 82.20 66.14
9 60.44 51.38 5954 4432 6224 4748 6132 4728 66.22 51.20
10 7546 68.12 7492 6128 76.10 6210 7526 6140 76.42 62.58
11 3484 28.68 3460 2484 3650 2654 3710 2780 4248 31.68
12 8280 7412 83.06 66.18 84.04 69.24 8488 7136 9434 83.38
13 9128 8524 90.70 79.66 9190 80.38 91.06 79.92 9228 82.06
14 7040 6494 70.06 59.08 70.06 58.44 68.04 56.16 59.72  50.30
15 7152 6478 7150 5756 7194 5796 70.38 56.22 68.38 54.86

* Cases of the location parameter arrangements are given on page 38

Table 5.210. Percentage of Rejection for k = 5; T-Distribution: Block =8, ny =16 and n, =nz=
Na=ns=38

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 5.12 5.24 5.06 5.28 5.06 5.10 4.94 5.06 5.16 4.88

2740 25.06 2722 2230 2740 2284 2706 2292 25.00 21.42
3 2120 19.06 20.76 16.80 21.60 1756 2206 17.66 23.62 18.66
4 2354 2016 2340 1824 2426 1868 2526 19.28 30.00 22.88
5 18.14 16.32 18.18 15.02 1838 1536 1794 1490 1758 14.80
6 20.70 1826 2022 1592 2114 1670 2126 16.86 20.80 16.84
7 3126 28.62 3148 2568 3156 26.14 3116 2572 2752 22.64
8 3262 2748 3200 2372 3328 2512 3384 2596 39.10 29.90
9 27.04 2326 2664 2094 2760 2196 2762 2192 2838 2340
10 3394 2926 33.64 2564 3454 2674 3440 26.68 34.08 2744
11 16.62 1472 16,60 13.30 16.78 1390 1744 1426 19.52 15.50
12 43.14 3580 4298 31.14 44778 33.18 46.06 3432 5358 40.78
13 50.86 4414 5032 38.78 5168 398 5108 3942 5056 39.90
14 2952 2784 29.08 2536 29.70 2550 29.02 2436 2512 2214
15 30.64 2696 2998 2366 31.08 2480 3086 2474 2846 23.62

* Cases of the location parameter arrangements are given on page 38
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Table 5.211. Percentage of Rejection for k = 5; Normal Distribution: Block =8, n1 =n2=ns =ns
=8and n3=16

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 5.58 5.34 5.52 5.28 5.56 5.60 5.72 5.86 6.04 5.70

3138 2732 3096 23.76 3142 2496 3150 2538 28.88 22.00
3 27.38 2298 2732 2020 2810 21.26 2796 21.74 29.82 23.08
4 30.24 2468 29.46 21.32 3184 2322 3274 2470 4166 31.14
5 2248 1952 2240 1718 2250 1754 2194 1714 2192 16.78
6 2536 2242 25.04 19.84 2536 20.28 2484 20.22 26.18 21.52
7 3590 30.60 3544 2638 36.56 27.76 36.42 27.94 31.80 24.00
8 4136 34.18 40.80 29.28 42.04 30.76 4156 31.32 49.94 37.72
9 3456 29.72 3380 26.00 3458 2656 3348 26.04 3820 29.80
10 41.44 3474 4046 29.68 4174 31.60 41.78 3144 40.16 29.62
11 19.48 16.44 19.08 1456 19.72 1540 19.98 15.60 24.04 18.28
12 5742 4760 56.30 41.66 58.44 4356 58.86 4496 70.26 55.16
13 63.64 55.04 63.08 4794 63.64 48.74 6210 47.62 6456 50.62
14 36.48 30.68 3546 2694 36.44 2760 36.02 2722 28.80 21.34
15 3832 3212 3774 2796 3794 2852 37.00 28.02 3466 25.50

* Cases of the location parameter arrangements are given on page 38

Table 5.212. Percentage of Rejection for k = 5; Exponential Distribution: Block =8, n1 =n,=ns4
=ns=8and n3= 16

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 4.86 4.72 4.78 4,54 5.02 4.80 5.06 4.86 5.06 5.14

58.22 49.62 5824 4322 57.88 43.78 56.48 43.10 53.42 39.66
3 49.46 4200 49.28 3582 49.88 37.20 49.18 37.04 5470 41.38
4 4720 37.88 46.20 32.14 49.08 3548 5166 37.86 66.20 48.98
5 4248 3576 4140 3094 4188 3132 3954 3042 3872 28.14
6 46.92 39.06 4588 34.16 46.56 34.66 4550 3418 4750 35.34
7 63.38 5470 64.04 48.70 63.66 49.44 6254 48.60 58.72 43.14
8 70.70 61.02 70.68 5328 70.68 5466 69.46 54.14 81.18 65.46
9 58.84 50.02 57.82 43.06 58.62 4380 56.76 4246 64.74 49.88
10 7160 61.84 7122 5478 7152 5542 69.70 5518 70.62 53.66
11 34.88 2840 3424 2456 3532 26.66 3564 2738 4326 3182
12 83.72 7490 8368 6576 8420 6780 8362 6886 93.96 83.78
13 89.28 8190 89.18 7466 8888 7428 87.06 7254 9124 79.48
14 65.18 55.68 6514 4932 6480 4880 6276 47.18 5282 3842
15 67.88 58.72 67.68 5182 6720 5150 6480 49.78 62.68 47.00

* Cases of the location parameter arrangements are given on page 38
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Table 5.213. Percentage of Rejection for k = 5; T-Distribution: Block =8, n1 =n2=ns=ns =8
and n3=16

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 4.38 4.34 4.80 4.40 4.56 4.76 4.64 4.76 4.76 4.76

23.18 20.06 2252 1798 23.68 18.38 23.70 18.64 21.24 17.02
3 2112 18.00 20.48 16.20 21.48 17.04 2164 1724 2348 18.82
4 22.82 1940 2260 1750 2350 19.08 24.04 19.72 30.18 23.28
5 17.34 1558 16.64 14.04 1734 1442 1710 1416 16.20 13.76
6 20.36 1758 20.22 1580 2046 16.28 19.90 16.48 21.26 17.20
7 27.02 23.02 2686 20.12 27.34 2094 2732 2130 2468 18.88
8 32.04 2630 31.18 22.68 3254 2354 3208 2388 38.26 28.58
9 25.02 22.02 2434 1930 2482 19.62 2434 1958 2780 22.30
10 31.98 26,50 31.22 2314 3226 2422 3208 2430 30.70 23.32
11 16.20 1424 16.06 1248 16.22 13.02 16.60 13.30 19.30 16.16
12 4164 3478 40.84 30.74 4258 32.78 4338 33.44 5244  40.12
13 49.44 4116 4832 3584 49.10 36.68 47.72 36.14 50.20 38.54
14 2728 2312 2750 2032 2750 21.10 26.76 20.78 22.66 17.10
15 31.18 26.04 30.14 2266 30.86 23.18 2936 23.04 2832 21.86

* Cases of the location parameter arrangements are given on page 38

Table 5.214. Percentage of Rejection for k = 5; Normal Distribution: Block =8, ni=n;=nz=ns4
=8and ns=16

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 4.96 4.84 5.12 4.64 4.96 4.72 4.90 4.68 4.90 5.02

3414 30.80 34.00 2732 3476 2780 3454 2774 3154 2534
3 3292 30.72 3210 2766 3256 27.04 3224 2648 34.02 28.20
4 43.78 4216 4288 3822 4130 3546 41.00 3432 5240 45.30
5 2286 19.82 2344 1788 2350 1832 2294 1826 2206 17.12
6 2724 2420 2716 2132 2766 2220 2692 2162 26.14 21.26
7 39.00 3496 38.72 3066 3952 3120 3932 3134 3426 2788
8 50.92 48.26 5040 4344 50.10 4228 4826 40.96 56.22 47.22
9 36.76 33.06 36.66 29.68 36.74 3024 36.06 2932 3822 30.26
10 4776 4422 4712 4016 4794 4012 4772 39.22 46.14 38.18
11 2456 2348 2460 2172 2384 2122 2324 2040 28.70 23.72
12 7286 70.02 7230 6474 7112 6208 69.76 60.04 80.06 70.74
13 68.84 6094 6832 5408 69.12 5558 6744 5388 66.38 53.62
14 36.76 31.84 36.36 2744 3752 2866 3720 29.00 30.22 23.58
15 39.38 3460 3930 3054 3962 3162 3842 3104 3488 2794

* Cases of the location parameter arrangements are given on page 38
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Table 5.215. Percentage of Rejection for k = 5; Exponential Distribution: Block =8, n1 =nz =ns
=ns=8and ns= 16

Method

Case* C1 C T1 T, T3 T4 Ts Te T7 Tg

1 4.64 4.76 4.90 4.70 4.92 4.92 4.78 4.76 5.06 5.24

63.58 57.12 63.16 5138 63.14 5096 6152 49.74 57.88 46.72
3 59.92 5654 59.96 5142 5848 49.06 56.84 4752 63.76 53.04
4 70.38 69.22 69.86 6450 67.06 60.78 66.52 58.08 80.82 72.64
5 43.48 37.86 4324 3342 4400 3410 4234 3352 3930 30.62
6 5220 46.46 51.44 4158 5226 42.28 50.40 41.08 50.54 40.42
7 68.60 6220 68.60 55.72 68.14 5560 67.02 54.76 60.92 48.58
8 8228 7790 8244 7172 80.16 6834 77.72 6502 87.14 76.38
9 6440 57.68 63.68 51.38 6454 5188 6234 50.32 67.38 52.98
10 7842 7406 7810 68.62 7758 66.36 76.32 6440 7834 66.54
11 46.00 44.04 4542 39.80 44.16 38.00 4350 36.68 52.70 44.26
12 9420 9246 9444 88.60 9290 8518 91.06 8256 97.94 92.84
13 9158 86.80 91.02 81.76 91.66 8218 89.98 79.82 91.44 81.00
14 65.70 57.70 65.14 5156 66.58 52.76 6580 52.20 54.76 42.64
15 69.44 6232 6892 56.04 70.26 56.42 68.60 55.06 64.66 50.70

* Cases of the location parameter arrangements are given on page 38

Table 5.216. Percentage of Rejection for k = 5; T-Distribution: Block =8, n1 =n2=n3=ns =8
and ns= 16

Method

Case* C1 Cs T1 T> Ts Ta Ts Ts T Ts

1 4.70 5.16 4.58 4.84 4.76 5.10 4.92 5.18 4.70 4.84

26.60 2470 26,52 21.84 27.02 2262 2706 2224 2432 20.30
3 2590 24.08 2482 2150 2536 21.26 2470 20.22 2650 22.58
4 3232 3174 3196 2926 30.76 27.00 3046 2590 38.62 33.48
5 18.38 1748 17.90 1572 1890 16.14 1848 16.14 1752 1444
6 20.66 19.06 20.76 1690 2094 1716 20.12 16.96 20.82 17.04
7 29.82 2574 2880 2270 29.72 2322 29.62 2338 2538 20.18
8 37.80 36.64 3748 3290 36.86 3214 36.12 30.76 4244 3564
9 28.34 2556 28.00 2330 2862 2356 2810 2294 29.12 24.02
10 37.86 3320 3722 2976 3702 2940 3610 2872 36.70 29.36
11 20.24 1942 20.06 1774 1984 1734 1944 1658 2194 19.20
12 56.24 5392 56.00 4930 5438 47.04 5358 4482 64.02 54.38
13 51.08 46.34 5040 4118 5128 4206 50.28 40.76 51.02 40.16
14 2692 2344 2594 2084 2760 2178 2732 2172 2196 16.82
15 3044 26.46 3044 2374 3088 2440 30.06 2402 2798 21.74

* Cases of the location parameter arrangements are given on page 38
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CHAPTER 6. CONCLUSIONS

6.1. Summary and Major Findings

In this dissertation, novel nonparametric methods for the nondecreasing ordered alternative
were proposed for a mixed design consisting of a combination of completely randomized design
(CRD) and randomized complete block design (RCBD). The proposed methods were formed based
on Jonckheere-Terpstra test which is an extended version Mann-Whitney statistic as stated in
Chapter 2. In each method, the test was introduced by multiplying the kernel of Mann-Whitney
statistic (U-statistic) by the distance among the treatments. The motivation behind such procedures
is to investigate how the proposed methods will behave as the distance among treatments
increased.

Moreover, it is worth mentioning that Magel et al. (2009) have shown that the idea of
standardizing first is a special case of the standardizing last when the variances of the two
combined tests were the same. To illustrate that, let us consider two of our proposed methods:

_ Zmyr + Zsmyr

T V2
1 [M]T — Umyr  BMJT — .UBM]T]
=5 2 + 2
V2 OMmJT OBm)T (6.1)

and

T = MJT + BMJT — E(0) _ (MJT + BMJT) — (.UM]T + .uBM]T)

4 —_—
Var(0) ’O-I\Z/I]T + O-BgM]T
_ O-I\Z/I]T MJT — ppr J1§M1T BMJT — pugmyr
= o2 1 52 2 T | T o2 2 (6.2)
OmjT T OgMyT OpmjT OgmjT T OMyT OgMmjT
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It can be noted that when a5, = d4y,r in equation (6.2), the first method (T5) becomes a special
case of the second methods (T,). In the first method, we add an equal weight to the variance of
both tests MJT and BMJT. However, in the second method, the weights are different so that if the
variance of MJT test is larger, then more weight will be assigned to it and vice versa.

Three cases were considered where the number of blocks were proportional to the sample
sizes. In other words, the number of blocks in the RCBD portion are larger, equal, and smaller
than the sample sizes in the CRD portion. In either case, from the findings of the simulation study,
it was shown that all the proposed methods appear to maintain their type one error. Additionally,
the estimated powers for the methods formed by standardized last idea (T2, Ta, Te, and Ts) are less
than those methods formed by standardized first idea (T1, T3, Ts, and T7) under all distributions for
all cases, except the following two cases:

e Cases where the number of blocks in the RCBD portion are smaller than the sample
sizes in the CRD portion. In particular, when the number of blocks is one-eighth of
the sample sizes in the CRD portion, we found that T, Ts, Ts, and Tg had higher
powers than Ty, Ts, Ts, and Tv.

e When the number of blocks in the RCBD portion are smaller than the sample size
in the CRD portion, However, cases were the number of blocks of the RCBD
portion are one-fourth of the sample sizes in the CRD portion, proposed methods
are found to be having practically the same estimated powers.

Moreover, the simulation study has shown that the estimated power for the proposed method, T+,
is better than the test statistics proposed by Magel et al. (2009) under the nondecreasing ordered
alternative as long as a large jump is present between the last two adjacent location parameters

such as (0, 0, 1) for k =3, (0, 0, 0.1, 0.6) for k =4, and (0, 0, 0, 0.25, 0.5) for k = 5. The other
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proposed methods (T1, T3, and Ts) were comparable with the test statistics proposed by Magel et
al. (2009) under most of the scenarios. However, in situations where the number of blocks in the
RCBD portion are larger than the sample sizes in the CRD portion, cases were the sample sizes of
the CRD portion are one-eighth of the number of blocks in the RCBD portion, the second version
of the tests, C», introduced by Magel et al. (2009) is preferred.
6.2. Limitation

Because of the data sets were simulated came from continuous distributions, the proposed
methods were designed to ignore the correction for ties. Therefore, the findings of the simulation
study are limited to data with no tied observations. However, if researchers intend to utilize these
proposed methods to data sets simulated from discrete distributions, they need to first redefine the
indicator function for the U-statistics in (2.1). Note, however, researchers may obtain different
conclusions regarding the performance of the proposed methods for discrete distributions.
6.3. Future Work

Throughout this dissertation, the design used to propose the aforementioned methods was
a mixed design of a CRD and RCBD. However, in some situations, getting a complete block is not
always possible. If we look back at the given example in Chapter 1, such cases appear if some of
the company’s employees, who agreed to take part in the study, quit their jobs before the study is
completed. If we employ our proposed methods, these observations could be considered as part of
the CRD portion, but they are no more independent and so results would be conservative. Thus,
for future study, one can consider a combination of a CRD and an incomplete block design (IBD).
.Inaddition, further study for this dissertation could be done by considering different arrangements

of the sample sizes, number of blocks, and the location parameters. This work could also be
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expanded by changing the variance of the error in the CRD portion compared with the RCBD

portion.
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APPENDIX. DERIVATION OF THE EXPECTED VALUES AND

VARIANCES

Hollander and Wolfe (1999), based on the Mann-Whitney statistic properties for the
variance and the covariance stated in equations (2.16) and (2.17), have shown that under the null

hypothesis, the Jonckheere-Terpstra ( JT = };<; U;;) has an expected value

nn; N?-—=YF n?
E(T) = ) S = e

i<j
and variance

N2(2N +3) = ¥k n?(2n; + 3)

Var(JT) = =

Moreover, In Chapter 3, we have shown that the variance of the linear combination of
Mann-Whitney statistics consists of two parts: the variance and the covariance terms. Thus, it
becomes more difficult to derive an exact form of the expected values and variances when we take

the distance among populations into account such as for MJT, MJT? and NMJT tests. To illustrate

. . . k(k-1)/2 .
that, for any linear combinations, we have CZ( )2 covariance terms, however, among these terms

k(k—1)(k—2)(k—3) k(k—1)(k—2)

there are zero terms and negative terms. In the following sections we

are considering the derivations of the expected value and the variance for MJT? and NMJT tests.
A.1. Squared Modified Jonckheere-Terpstra (MJT?)

In Chapter 3, in displays (3.17) and (3.18), we have presented the expected value and
variance of the squared modified Jonckheere-Terpstra test (M/T? = ¥;;(j — i)?U;;) when the
null hypothesis is true. However, in this section we have explained in more detail the procedures

to derive the expected value and variance despite the fact that it is hard to get an exact expression
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for all the k-sample case. Hence, the general expected value for three populations can be derived

as follows:

Zn,n,

BMIT?) = Y (= D2 EU) = ) (=)

i<j i<j
Similarly, the general variance of the squared modified Jonckheere-Terpstra test (MJT?) can be

obtained as follows:

Var(MjT?) = Var| 3" = 0 Uy

i<j
= G- 0FVarU) +2 ). Y G =D =) CovUip Usy)
i<j i<ji'<j’
- Z(j — )* Var(Uy) + 2 Z G — )2 (t — D)% Cov(Uy;, Uy
i<j i<j<t
+2 ) (=) (6= )P CovU,U) +2 ) (=) (¢ = )2 Cov(U, Uy)
i<j<t i<j<t
_ z(] iy nl-nj(nl-l-l-znj +1)
i<j
£2 3 (G- 02— 02 = G = 12 = P+ (- 12 - A
i<j<t
_ . . ninj(ni + nj + 1)
- ;(’ - " 12

+2 ) (6= D =12 + (=D = (= D2 =1~

i<j<t

For the sake of illustration, let us consider the case k = 3.

k-1 k
M]TZ = Z Z (]_ l)ZUU = U12 +4’U13 + U23

i=1 j=i+1

Further,
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nn, + 4 ninz + n,n;
2

E(MJT?) = E(Uyp + 4Uy3 + Upz) =
and
Var(MJT?) = Var(Uy, + 4U,5 + Uys)
= Var(U,,) + 16 Var(U,3) + Var(U,3) + 8 Cov(U,5, U;3) + 2 Cov(U;5, U,3)
+ 8 Cov(U;3,Us3)

_mny(nyg+n, + 1) nnzs(n+ns +1) nyng(ny+nsz + 1) nin,ns
B 12 12 12 12

_mn,(N+1) nns(N +1) N nynz(N + 1) nyn,ns
B 12 12 12 12

_ (n1n2 + 16 n1n3 + n2n3)(N + 1) - 4‘ n1n2n3
a 12

A.2. New Modified Jonckheere-Terpstra (NMJT)

Under the null hypothesis, the expected value and variance of the squared modified
Jonckheere-Terpstra test (NMJT = Y,;; i(j — i)U;; ) are given in equations (3.28) and (3.29). In
this section we have explained in more detail the procedures to derive the expected value and
variance for three populations and using the same procedures one can derive the expected values

and variances for four and five populations. Thus, the expected value can be derived as follows:

ninj
2

E(NMJT) = Z i(j — ) E(U) = Z i —0)

i<j i<j

Likewise, the variance of the new modified Jonckheere-Terpstra can be derived as follows:

Var(NMJT) = Var Z i(j — DUy

i<j

= Z i2(j — i)? Var(Uj;) + ZZ Z ({i")( — DG’ —i") Cov(Uy, Uprjr)

i<j i<ji'<j’
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- z i2(j — 1) Var(Uy) + 2 z i2(j — )(t — i) Cov(Uy, Uy

i<j i<j<t

+2 z ij G — ) (¢ =) Cov(Uyj, Up) + 2 Z ij (¢ =) (¢ = j) Cov(Us, Upr)

i<j<t 52
= Z iz(]' — i)z ninj(nil';n]' +1)
i<
+2 Z [2G— D= — )G —DE—j)+ @) - -] nignt
i<j<t
— Z iZ(]- _ i)z ninj(ni1‘|'2nj + 1)
i<

ninjnt
12

+ 2 Z [2G-D@-D)-@NE-N{G-D+ E-DII

i<j<t
More specifically, in the case of k = 3, the new modified Jonckheere-Terpstra (NMJT) is given as

k-1 k

NM]T = Z Z l(]_ l)UU = U12 + 2U13 + 2U23

i=1 j=i+1

with expected value
1
E(NM]T) = E(Ulz + 2U13 + 2U23) = E nn, + ning + nong

and variance
Var(NMJT) = Var(Uy, + 2Uy5 + 2Usys)
= Var(U,;) + 4 Var(U,3) + 4 Var(U,3) + 4 Cov(U,3, Uy3) + 4 Cov(U;5, U,3)
+ 8 Cov(U;3,Uy3)

_ nny(ng+n, + 1) ninz;(ny+nz + 1) nynz;(ny+nz; + 1) nynyN3
Bl 12 12 12 12
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(N +1) +4 ninz(N +1) +4 n,n;(N+1) nynyns
B 12 12 12 12

_ (n1n2 + 4‘ n1n3 + 4‘ n2n3)(N + 1) - n1n2n3
B 12
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