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Abstract

The objective of this research is to compare the efficiency of Levene’s (L)
test, O’Brien (OB) test, Jackknife (J) test, Box-Andersen (BA) test, and four modified
tests consists of Modified Levene’s or Brown-Forsythe (BF) test, Modified O’Brien
(MOB) test, Modified Jackknife (MJ) test, and Modified Box-Andersen (MBA) test. For
normal, Laplace, uniform, and gamma distributions are considered both equal and
unequal sample sizes contain (10, 10, 10), (30, 30, 30), (60, 60, 60), (5, 10, 15),
(20, 30, 40), and (45, 60, 75). The data in this research are simulated through the
Monte Carlo technique with 1,000 replications for each situation. The efficiency of
test statistics of this research is studied in cases of the probability of type | error
according to Bradley criterion and power of a test. The significance levels are 0.01
and 0.05. The results are found that MJ test shows the highest power of a test in
almost all cases with normal and uniform distributions. For Laplace distribution, L
test shows the highest power of a test in almost all cases whereas BA test shows the
highest power of a test in case of small sample size. For gamma distribution, MJ and
BA tests show the highest power of a test in almost all cases with 0.01 significance
level and then J, BA, and MJ tests show the highest power of a test in almost all

cases with 0.05 significance level.
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Chapter 1

Introduction

1.1 Statement and Significance of the Problem

Statistical inference is the process of drawing conclusions about population
from sampling data. Estimation and hypothesis testing are a part of statistical
inference which is analyzed the estimator to describe the parameter. Hypothesis
testing is used to determine whether that is enough evidence in a sample of data to
infer that a certain condition is true for the entire population.

The analysis of variance (ANOVA) is one of the most important and useful
techniques for comparing different groups or treatments with respect to their means
where there are more than two groups. A set of assumptions include normal
distribution, homogeneity of variance and independence of observations. These
assumptions are checked before analysis of data. It is now well established that the
violation of the assumption of homogeneity of variance can have severe effects on
the inference of the population mean, especially in the case of unequal sample sizes
and non-normally distributed. These are explained in research papers such as
(Mendes, 2004). In fact, the conventional ANOVA F provides generally poor control
over both type | and type |l error rates under a wide variety of variance heterogeneity
conditions (Bishop, 1976). Misleading assumption would impair the utility of the test,
leading to wrong and invalid conclusions (Vorapongsathon, et al., 2004).

Therefore, the problem of homogeneity of variances has to be settled before
performing an ANOVA. It is well known that the generally statistical packages use
Levene’s test to check the homogeneity of variance for conducting tests of the
equality of means in ANOVA (Oladejo and Adetunde, 2009; Mozahreh et al.,, 2009;
Zeng et al,, 2010). Unfortunately, Levene’s test for comparing variance is extremely
sensitive to the assumption of normality. Specifically, the populations are unequat
variance (Welch, 1951; Brown and Forsythe, 1974; Wilcox, 1988; Alexander and
Govern, 1994). However, there are many others test statistics for checking
homogeneity of variance under different situations (Box and Andersen, 1955; Miller,

1968; O’Brien, 1981) and the modification tests (Layard, 1973; Brown and Forsythe,



1974; Carroll and Schneider, 1985; Tomarken and Serlin, 1986; Gastwirth et al., 2009)
that may have been a better choice than Levene’s test.

Levene’s test is the one-way analysis of variance F-test on |X i -X ,.I, the
absolute deviations of the X from their group mean X, Various modifications of
Levene’s test have been proposed and investigated (Levene, 1960).

Carroll and Schneider (1985) had described that Brown and Forsythe (1974)
had considered the median and the 10% trimmed mean, which are more robust
estimates of central tendency, as alternatives to the mean in computing the
absolute deviations. They found that the alternative formulations of Levene’s tests
are robust against non-normality.

Layard (1973) had compared the homogeneity of variance tests consists of
Bartlett’s test, Box test, and Jackknife test in case of small sample sizes. The results
found that Bartlett’s test showed the best power under normal distribution. Box test
and Jackknife test showed the best power as well as Bartlett’s test under uniform
and double exponential distributions.

Boos and Brownie (1989) had studied the bootstrap versions of Bartlett’s test
and Layard’s (1973) k —sample generalization of Miller’s (1968) two-sample jackknife
test. Their simulation results show that bootstrap versions of Bartlett’s test and
jackknife test perform better than original versions.

Lee et al. (2010) had compared Levene’s test with modified Levene’s test, Z-
variance test, Overall-Woodward modified Z-variance test, O’Brien’s test, Samiuddin
Cobe Root test and F-Max test. The results showed that Levene’s test was neither
the best nor worst in terms of robustness and power of a test, modified Levene’s
test showed very good robustness when compared with the other tests but lower
power of a test than other tests.

Gorbunova and Lemeshko (2012) had compared F-test with Bartlett’s test,
Neyman-Pearson test, Hartley test, Z-variance test, OveralllWoodward modified
Z-vartance test, O’Brien’s test, Levene's test and modified Levene’s test in term of
power for sample were from any distribution. When the data distribution was
mesokurtic or platykurtic, the best choice was O’Brien’s test or Z-variance test, while
the data distribution was leptokurtic or skewed, the modified Levene’s test was

chosen.



Gogoi, P. and B. (2015) had compared probability of type | error and power of
Levene’s test, Bartlett’s test, Modified Bartlett’s test, Box-Andersen test, Jackknife
test, and Lepage test in case of small sample sizes. The results found that jackknife
test showed the best test as well as Bartlett’s test under normal and logistic
distributions.

Hatchavanich (2016) had compared probability of type | error and power of
parametric tests with nonparametric tests. It was found that Levene’s test, modified
Bartlett’s test and O’Brien’s test outperformed the other in term of robustness.
Considering the type | error and the power of a test, the finding showed that Gini’s
test and Bartlettl’s test were the best when the data was normally distributed.
Moreovér, for chi-square and a mixture of Gaussian distribution, modified Bartlett2’s
test and Levene’s test were the best. For uniform and exponential distributions,
Jackknife test and Levene’s test were the best.

For that reason, the aim of this study is to compare the probability of type |
error and power of a test of four original and four modified test statistics. These
tests are simulated and analyzed by R program version 3.3.2. The four original
homogeneity of variance tests are (1) Levene’s test (2) O’Brien’s test (3) Jackknife
test and (4) Box-Andersen test. These tests are compared with four modified
homogeneity of variance tests based on modified central tendency by using the
median replace the mean. A straightforward modification of this idea is extracted
from the modified Levene test by Brown and Forsythe (1974). “Goodness” of each
test is determined by examining the probability of type | error and power of a test
for each test. Should general statistic package such as SPSS and other statistical

packages consider other tests along with Levene’s test?

1.2 Objectives

1.2.1 To compare the probability of type | error (robustness) of four original
homogeneity of variance test with four modified homogeneity of variance tests
based on modified central tendency by using the median replace the mean for four

distribution-types (normal, leptokurtic, platykurtic, skewed).



1.2.2 To compare power of a test of four original homogeneity of variance
test with four modified homogeneity of variance tests based on modified central
tendency by using the median replace the mean for four distribution-types (normal,

leptokurtic, platykurtic, skewed).

1.3 Scope of the Study

1.3.1 Determining the population distributions
Let the population distribution-types are normal distribution and three
non-normal distributions consists of Laplace distribution (leptokurtic distribution),
uniform  distribution  (platykurtic distribution), gamma distribution (skewed
distribution).
1.3.1.1 Normal distribution
The random variable X is a normal distribution, if its probability
density function is given by

e )2 2
e(x,u)/2cr

,—0 <X<w,—0 < u<wo,0>0

1
f(xsp,0)= odon
1.3.1.2 Laplace distribution
The random variable X is a Laplace distribution, if its
probability density function is given by

Jrma]

f(x;,u,,l)=—i—/—1—e( 4 ),—oo <x<w,—0 < pg<wo,A>0

1.3.1.3 Uniform distribution
The random variable X is a uniform distribution, if its probability

density function is given by

1
f() = —

1.3.1.4 Gamma distribution

,for xe[a,b],~© <a<b<w

The random variable X is a gamma distribution, if its probability

density function is given by

X

_ x®le P
f(x,a, )= Ie)p O0<x<w0,>0,>0

0 , otherwise



1.3.2 Determining the populations and sample sizes

Let three population group cases contain equal sample sizes and unequal
sample sizes. The configurations of sample sizes are determined under total sample
sizes (30, 90, and 180) for equal and unequal sample sizes. For configurations of
equal sample sizes, there are three configurations consists of small sample size
(n=10), moderate sample size (n=30), and large sample size (n=60) (Reiczigel,
2003). For configurations of unequal sample size, three configurations are considered
under conditions of sample size consists of small sample size (5, 10, 15), medium
sample size (20, 30, 40), and large sample size (45, 60, 75). The configurations of
sample size are given in Table 1.1 as follows:

Table 1.1 The poputation k=3 groups and the ratio of sample size (n,,n,,n,)

The ratios of sample size

Configurations of sample size

equal n, unequal #,
Small 10,10,10 510,15
Medium 30,30,30 20,30,40
Large 60,60,60 45,60,75

1.3.3 Determining the population variance ratios
Let the different population variance ratios by non-centrality parameter (¢),

this ¢ is a measure of the different population variance (Game et al., 1972).

k
> (6} -5 1k

The formula is defined by ¢ =12 (1.1)

2 bl
0,

where o} is the population variance with the lowest,

o? is the population variance with i group; i =1,2,...,k,

I

& is the mean of population variance with k group.

The different population variance ratios are given in Table 1.2 as follows:

Table 1.2 The different population variance ratios by non-centrality parameter ¢

The different population ~ The population variance Non-centrality parameter

variance levels ratios ()]
slightly (0 <¢ <1.5) 1:2:4 1.25
moderately (1.5<¢ <3.0) 1:4:8 2.87

highly (¢ > 3.0) 1:8:16 6.13




1.3.4 Determining significance level
Let the significance levels (a) at 0.05 and 0.01 as the significance level is
chosen typically set to 0.05 or much lower. The significance level is chosen on the

field of study (Craparo, 2007).

1.3.5 Determining criterion for determined robustness
Let the criterion for determined robustness based on the Bradley limit
(Bradley, 1978) as follows:
1.3.5.1 The significance level at 0.05, the probability of type | error
(@) has to fall between [0.025, 0.075].
1.3.5.2 The significance level at 0.01, the probability of type | error
(a) has to fall between [0.005, 0.015].

1.3.6 Determining the number of replications

Let replications are 1,000 times, since replications are needed to obtain
accurate results and the minimum number of simulations assessment is generally
considered to be 1,000 times. Therefore, researchers are able to run in excess of

1,000 replications in their studies (Godfrey, 1978; Olejnik et al., 2000; Cahoy, 2010).

1.3.7 Program for data analysis
R program version 3.3.2 is used for simulation and analysis of data as

mentioned above.

1.4 Benefits of the study

1.4.1 To guide the selection of the appropriate homogeneity of variance test
for different conditions, such as population distribution-types, difference of

population variance and equal or unequal sample sizes.

142 To guide the accurate checking of the homogeneity of variance

assumption before performing tests of the equality of mean in ANOVA.



1.5 Definition

1.5.1 Robustness is the probability of type | error (H,, is rejected when H| is

true) based on criterion of Bradley at 0.05 and 0.01 significance levels.

1.5.2 Power or power of a test is the probability of H, is rejected when H,

is false at 0.05 and 0.01 significance levels.

1.5.3 Non-centrality Parameter (#) is a measure of the different population

variance (Game et al., 1972).

1.6 Process of the Study

1.6.1 R program version 3.3.2 is written to carry out the analyses. The data
are generated from normal distribution, Laplace distribution, uniform distribution, and
gamma distribution with equal variance. For all tests in this study, there are three

groups are arranged as configurations of sample size. The details are given in

Table 1.1.

1.6.2 Three group experimental data are simulated one thousand times and
these experimental data are analyzed for each sample size. All homogeneity of
variance tests are computed for each experimental data. The experimental data are
counted the number of times the null hypothesis is rejected when it is true at the

a =0.05 and 0.01 levels for 1,000 experimental data with R program version 3.3.2.

1.6.3 The probability of type I error is computed with the number of H,, is
rejected when H,, is true divide by the number of replications 1,000 times for each

test statistics.

1.6.4 The probability of type | error is compared under the criterion of
Bradley (Bradley, 1978). At significance level (@ = 0.05), the test statistic is called
robustness when the probability of type | error has to fall between [0.025, 0.075] and
at significance level (a =0.01), the test statistic is called robustness when the
probability of type | error has to fall between [0.005, 0.015] in Bradley limit. If any
the probability of type | error is over the limit, it shows that the test statistic isn’t

called robustness.



1.6.5 The analyses are repeated for the same both sample sizes and
significance levels. The data are generated from all distribution-types with unequal

variances for only the test statistic is called robustness.

1.6.6 Power of a test (also power) is computed with the number of H, is
rejected when H, is false divide by the number of replications 1,000 times for each
test statistics. The maximum power of a test is 1.0 and the minimum is zero. The
test statistic is called the best test when it shows the highest power or power of a

test.



Chapter 2

Theory and Literature Reviews

In this study, four tests are Levene’s test, O’Brien’s test, Jackknife test and
Box-Andersen test. These tests are compared robustness and power of four
modified homogeneity of variance tests based on modified central tendency by using
the median replace the mean for four distribution-types contain normal distribution,
Laptace distribution (leptokurtic distribution), uniform distribution (platykurtic
distribution) and gamma distribution (skewed distribution). These tests are
straightforward modification from idea in (Brown and Forsythe, 1974). For the details
of this chapter consist of description of the test statistics, Calculated examples of the
test statistics, Description of distribution-types, determining different population
variance ratios, criterion of efficiency comparison for testing, Measures of skewness

and kurtosis, and literature reviews.

2.1 Description of the test statistics
In this section, the homogeneity of variance tests of k populations given
sample{X Pt =1,2,...,k; j=12,.,n} from the i”population with meany,, and
variances?. The null hypothesis is H,:0{ =0 =..=0} and the altemative
hypothesis is H, :0? # o*f for at least onei # j,
2.1.1 Levene’s test
2.1.1.1 Original Levene’s test
Levene’s test (Levene, 1960) was used to test if £ sample have equal
variance. Levene had proposed an alternative method to Barttett’s test (Klotz and
Johnson, 1993) for testing the assumption of homogeneity of variance for ANOVA
designs. Bartlett’s test works well for data that are normally or approximate
normally distributed but it doesn’t fare well for data that follow a leptokurtic or
skewed distribution (Overall and Woodward, 1974). According to Levene, he had
proposed that Levene’s test is less sensitive to departures from normally. This says
that Levene’s test has fewer type | errors than Bartlett’s test for non-normality

distributions (Gastwirth et al., 2009). Brown and Forsythe (1974) had proposed that



10

using the mean provided the best power for symmetric and moderate-tailed
distributions.
Levene’s test is the one-way analysis of variance F-test based on

Z;= IX i -X ,.|, where X, is the mean of the i* group and it is denoted by L.

(N - k)i nl(zl "'7)2

The test statistic is L= = , (2.1)
k=D D2, ~Z)’
i1 j1
where X, = ZX y /n, is the mean of the i” group,
7=l

k

N= Zn, is total sample size, and n, is sample size of the i group,
=]

when Z.—.Zz,,/n,,

71

and Z=ii2y/N.

i=1 j=t
The null hypothesis H, is rejected when L>F,, v, Wwhere

F 4 n-x) 15 the upper critical value of the F-distribution with k-1 and N -k
degree of freedom at a significance level of «.

2.1.1.2 Modified Levene’s test based on median

Modified Levene’s test based on median is a statistical test for the
equality of group variance based on performing an ANOVA on a transformation of the
response variable as Levene’s test. Brown and Forsythe (1974) had modified
Levene’s test and they had proposed that using the median performed skewed
distribution. This the modified studies by Brown and Forsythe was referenced in
(Carrolt and Schneider, 1985). The difference is that the median is used instead of
the mean in computing Z,,.. This modification of Levene’s test is uaually called
Brown-Forsythe’s test.

This test is the one-way analysis of variance F-test based on
Zyy = lX i —M, ‘, where M , is the median of i* group, which is used instead of the
mean. The median version of Levene’s test is denoted by BF .

k —
- k)z n(Z,; —Zy )?
The modified test statisticis BF = =1 , (2.2)

&k-0D>"> 2y, - Zoa)*

=1 f=1




1

where Z,, =iz,,,.,/n,,
=1
k n
and Z, =ZZZMJ/N'

=1 j=l

The null hypothesis H, is rejected when BF >F,, v, where
F o pan-n is the upper critical value of the F-distribution with k-1 and N -k

degree of freedom at a significance level of a.

2.1.2 O’Brien’s test

2.1.2.1 Original O’Brien’s test

O’Brien’s test, O’Brien (1978; 1981) had claimed that this test is a

general method and fairly well for behavioral science data. O’Brien (1981) had

stated that the test is robust to data that departs from normality. It was also easy to

program into statistical packages like SPSS, that was competitive with other tests in

terms of power and it can be easily used in different ANOVA designs with equal or

unequal sample sizes. O’Brien (1981) stated that not much research had been done
on statistic.

The computational operations for this test are straightforward

A, =1.5n, (X, - X,)? -055*(n, -1)

Y (n, —)(n, -2)

modification. Every raw score, X in the study is transformed using formuta is

defined by s (2.3)

n’ —
where S? =Z(X y—X ) /(n, ~1) is the variance of the i” group.  (2.4)
=1

This test is the one-way analysis of variance F-test based on the V,

where X, is the mean of the i” group and it is denoted by OB.

k pr— ———
WN-B)).nF, -V
The test statistic is OB el , (2.5)

= F A —
k-3 @, -7y

=1 J=t

where V,=>., /n, ,

=]

and V= iixf,j/zv.

=l j=1
After this transformation the mean of ¥ —values will be equal to the

14

variance for original values, that is 7, ={Z’ v, ] /n, =S?.
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The null hypothesis H is rejected when OB>F_, 5, where
Floran-p 15 the upper critical value of the F-distribution with k-1 and N -k
degree of freedom at a significance level of a.

2.1.2.2 Modified O’Brien’s test based on median

Modified O’Brien’s test is nearly identical to original O’Brien’s test.
The median is used instead of the mean. The differences are that the median is
used instead of the mean in computing ¥,;.

The computational operations for this test are straightforward

modification. Every raw score, X, in the study is transformed using formula is

i
_(n,~1.5)n,(X, - M) -0.58%(n, -1)
(ni - 1)("1 -2)

where S? is defined in equation (2.4)

defined by Vi R (2.6)

This test is the one-way analysis of variance F-test based on the ¥V,
where M, is the median of the i” group and it is denoted by MOB.

k — ——
v —k)Zn,(VM, —'VM)Z
The modified test statistic is MOB = = , 2.7

E-DYY Wy - 7o)’

i=l f=1

where Vio =2 Vi /ni ,

s

and VM-—-iiij/N.

i=t j=1

The null hypothesis H, is rejected when MOB> F,; | v, where
Fl, i 181 15 the upper critical value of the F-distribution with k~1 and N -k

degree of freedom at a significance level of «.

2.1.3 Jackknife test

2.1.3.1 Original Jackknife test

Layard (1973) recommended using the alternative Jackknife
pseudovalues that given by U, =n, log S?—(n, — l)S,-Jz.. (2.8)
where log is natural logarithms or log,,

S? is defined in equation (2.4),
((n,. ——I)S',.2 —-n,.(X,.j —-X’,.)z /(n,. —1)).

(ni - 2) .

and S,:f =
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The resulting test statistic, which is the one way analysis of variance

F-test based on the U,,, will be called J.

y'l

(N-k)zk:n,(ff_, -Uy

The test statistic is J= - ’
k-3 > U, -U)

i=1 jel

(2.9)

where l-f—,»="ZlU,j/ﬂ,-,
and ﬁ’_‘iin/N-

i=l j=1
The null hypothesis H, is rejected when J>F,, v, where

Figranp is the upper critical value of the F-distribution with k-1 and N -k
degree of freedom at a significance level of a.

2.1.3.2 Modified Jackknife test based on median

Modified Jackknife test based on median is nearly identical to original
Jackknife test. The median is used instead of the mean. The differences are that the
median is used instead of the mean in computing U,,,. It is the one-way analysis of
variance F-test based on the U,,. This U, is represented the alternative
pseudovalues when M, is the median of the i” group for j=12,..,m,,i=12,.,k.

The alternative pseudovalues is defined by

Upy =M logSZ, —(n, —1)S£,,.j. (2.10)
where log is natural logarithms or log,,
S =2 (X, = M.) [(n, - 1) (211)
J=l
.o —1% —m(x, - X.J 60, )
and Sy = )
(ni "2)

The resulting test statistic, which is the one way analysis of variance

F-test based on the U,;, will be called MJ.

k ——
(v - k)z (U —Uy )2
The modified test statisticis MJ = i=1 , (2.12)

ko _
(k - I)Z Z (UMij - UMi )2

i=1 j=1

where U, = ZUW /ni,

=1
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and ﬁu=ii’:Um1/N-

i=1 j=1

The null hypothesis H, is rejected when MJ>F,, ., where

Fe

degree of freedom at a significance level of .

«r-Ly-ry 1S the upper critical value of the F-distribution with k-1 and N -k

2.1.4 Box-Andersen test
2.1.4.1 Original Box-Andersen test
Box-andersen test is another variation of Bartlett’s test, which is

recommened by Miller (1968). The resulting test statistic will be called BA4.

2 X )
The test statisticis  BA =1 N-k)nS? Y (n,-1)inS; (2.13)
5 (CROLEA R
where Inis natural logarithms or log,,

i (ni - l)gtz

s> = —-‘—]—v—:—k—— (2.14)
k n .
. N ZZ(X i~ i)A
By =—L g (2.15)
E v
[EEe 2]
=t J=
and S? is defined in equation (2.4).

The null hypothesis H, is rejected when BA> y7 ., where 27 .,
is the upper critical value of the y*- distribution with k—1 degree of freedom at a
significance level of a.

2.1.4.2 Modified Box-Andersen test based on median

Modified Box-Andersen test based on median is nearty identical to
originat Box-Andersen test. The median is used instead of the mean when M, is the
median of the i* group for j=12,...,n,,i=1,2,.,k. The resulting test statistic will
be called MBA.

2

k
The modified test statistic is MBA=+ 2 ((N —k)lnSf,p - Z(n,. —l)lnS,fﬁ) (2.16)
‘B 1’ i)

where Inis natural logarithms or log,,
k
Z(ni - I)S:a
Sap ==t (2.17)

e N-k
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and S? and ﬁz are defined in equation (2.4) and (2.15), respectively.
The null hypothesis H, is rejected when MBA> xf_a,k_, where

1. 41 is the upper critical value of the x?- distribution with k—1 degree of

freedom at a significance level of a.

2.2 Calculated Examples of the test statistics

Let the significance level is 0.05 and random the data set as follows:

X, 18 3 8 5 8 11 7 8 9 9

X,!8 6 2 7 6 7 15 11 9 11
X514 12 10 11 10 11 6 12 3 9

2.2.1 Calcutated examples of Levene’s test
2.2.1.1 Calculated example of original Levene’s test (L).
The hypothesis: H, :07 =6} =0? versus H,:0} # 07 for at least onei # j .

The test statistic is

Ka k)gl: n(Z,~Z) _ (30-3){10(0.53) +10(0.12) +10(0.15)} _, 4

k-3, ~Z) G-D35+924+135+...+6.15)

el jel

L

The null hypothesis is rejected when L>F,,, 5y, where
Fioos,22m = 3-35 is the upper critical value of the F-distribution with 2 and 27
degree of freedom at a significance level of 0.05. From computing found that

L =1.43 < 3.35 , that do not reject H,. So, three population variances are

equal.
Its details of the computing are shown as follows:

8+3+8+5+8+...4+9

Computing of fl=ZXU n, = 0 7.6,
j-_-
— 2 8 T+6+...
Xz=zij n, = +6+2+7+6+ +”=8.2,
J=1 10
i’_3=iX3j/n3=4+12+10+1101+10+'"+9=8.8.
j=1

Computing of X,, Z, = IX s — X, and Z, show in Table 2.1 as fotlows:



Table 21  Computing of X, Z,, and Z,

N

X, | X X, le=|le—Yl| ZZJ:IXZJ_‘Y2| Z3J=‘X3J'_;\;3|

4 | |8-7.6=04 | [8-82[=02 4-8.8 =48

11 | |5-76=26 | [7-82]=12 | [11-88=22
10 | [8-7.6=04 | |6-82=22 | [10-88=12
11 | ln-76[=34 | [1-82=12 | [11-88=22
15 | 6 | [1-76=06 | [15-82]=68 | [6-8.8=2.8
11 | 12 | 8-76/=04 | |11-82/=28 | [12-88=32
3 | l-76=14 | [9-82=08 3-8.8=5.8
117 9 | |9-76=14 | 11-82/=28 | [9-8.8=02

8 8
3 |6
8 | 2 | 10 | 8-76=04 | [2-82=62 | [10-8.8=12
5 7
8 | 6
7

12 | B-76/=46 | [|6-82=22 | [12-8.8=32 ;

I
!
!

Z, =15.6/10 Z, =26.4/10 Z, =26.8/10

1 2 3
=76 | =82|=88]| =156 =2.64 =2.68
Computing of Z = (15.6 +26.4 + 26.8)/30 = 2.29.
Computing of (Z,-Z)* = (1.56 - 2.29)* = 0.53,

(Z,-Z)* =(2.64-2.29)" =0.12,
and (Z,-Z)* =(2.68-2.29)* =0.15.
Computing of (Z;; — Z)zshows in Table 2.2 as follows:
Table 22  Computing of (Z,; —Z,)*

(le_zl)z (sz"‘—Z—z)2 ) (Zsj_zs)z
(04-1.56) =135 | (0.2~2.64)* =595 | (4.8-2.68)" =4.49
(4.6-1.56) =9.24 | (2.2-2.64)" =0.19 | (3.2—2.68) =0.27
(04-1.56) =135 | (6.2~2.64) =12.67 | (1.2-2.68)" =2.19
(2.6-1.56)° =1.08 | (1.2~2.64) =2.07 | (2.2-2.68)" =0.23
(0.4-1.56)* =1.35 | (2.2-2.64)’ =0.19 | (1.2-2.68)" =2.19
(3.4-1.56)" =339 | (1.2-2.64) =2.07 | (22-2.68)" =0.23
(0.6—1.56)" =0.92 | (6.8~2.64) =17.31 | (2.8-2.68)" =0.01
(04-1.56) =135 | (2.8-2.64)’ =0.03 | (3.2-2.68) =0.27
(1.4-1.56) =0.03 | (0.8-2.64)* =3.39 | (5.8-2.68) =9.73
(1.4-1.56) =0.03 | (2.8-2.64)° =0.03 | (0.2-2.68)" =6.15

16
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2212 Calculated example of modified Levene’s test based on

median , and Its called Brown-Forsythe’s test (BF).

The hypothesis: H, :07 =02 =07 versus H,:0] 0" for at least onei # j .

The test statistic is

N =B G ~Z,)*

BF =

_ (30-3){10(0.53) +10(0.22) +10(0.07)} _

0.74

_— k n, _
k=-DY.D 2y ~Zp)

i=l j=1

T (3-1D{1.96+12.96+1.96 +...+1.96}

The null hypothesis is rejected when BF>F,, v, Wwhere

F(o_os,2,27)

degree of freedom at a significance level of 0.05.

=3.35 is the upper critical value of the F-distribution with 2 and 27

From computing found that

BF =0.74<3.35, that do not reject H,. So, three population variances are equal.

Its details of the computing are shown as follows:

in ascending order X,: 3,5,7,8,8,8,8,9,9,11 and M, =(8+8)/2=38,

in ascending order X, : 2,6,6,7,7,8,9,11,11,15 and M, =(7+8)/2="17.5,

in ascending order X,: 3,4,6,9,10 ,10 ,11,11,12 ,12 and M, =(10+10)/2 =10.

Computing of M,, Z,,. =|X, —M,|, and Z,,, show in Table 2.3 as foltows:
p i Mij if i Mi

Table 23  Computing of M,, Z,,,, and Z,,
Y| X | K| Za XM Zuy =Xy=My| | Zoy =Xy —M
8 | 8 4 I8-8=0 B-7.5=0.5 l4-101=6
3 6 | 12 B-8 =5 |6-7.5=1.5 12-10/=2
8 2 |10 I8-8/=0 |2-7.5=55 10-10{=0
5 7 | 11 5-8|=3 |7-7.5=0.5 (1-10{=1
8 | 6 |10 8-8/=0 l6—7.5=1.5 [lo-10{=0
1| 7 {1 11-8=3 [7-7.5=0.5 11-10/=1
7115} 6 |7-8=1 f15-7.5=7.5 l6—10]=4
8 | 11 | 12 8-8=0 t1-7.5=3.5 [(2-10=2
91 9 9-8/=1 9-7.5/=15 3-10]=7
o 119 19-8/=1 11-7.5/=3.5 19-10|=1
M, | M, | M, Z,,, =14/10 Z,,; =26/10 Z,,, =24/10
=8 | =75 | =10 =14 =2.6 =24
Computing of Z,, = (14 +26 +24)/30 = 2.13.
Computing of Z,,-2,,) =(1.4-213)" =0.53,

078292
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(Z,, —Z,,)* =(2.6-2.13)* =0.22,
and Z,s—Z,,) =(24-2.13)* =0.07.
Computing of (Z,, -Z " )? shows in Table 2.4 as follows:
Table 2.4 Computing of (Z,,, — Z,)

(ZMlj _ZMI)Z ] (ZMz,-"—Z.Mz)Z (ZM3j - ZMa)z

(0-1.4) =196 | (0.5-2.6)" =4.41 | (6-2.4) =31.36
(5-1.4)=1296 | (1.5-2.6) =121 | (2-2.4)’ =0.16
(0-1.4Y =196 | (5.5-2.6) =8.41 | (0-2.4) =5.76
(3-1.4) =256 | (0.5-2.6) =441 | (1-24) =1.96
(0-1.4) =196 | (1.5-2.6) =1.21 | (0-2.4)* =576
(3-14) =256 | (0.5-2.6) =441 | (1-2.4) =1.96
(1-1.4) =0.16 | (7.5-2.6) =24.01 | (4-2.4)" =2.56
(0-1.4)Y =196 | (3.5-2.6)’ =081 | (2-2.4) =0.16
(1-14) =016 | (1.5-2.6) =121 | (7-24) =21.16
(1-1.4)* =0.16 | (3.5-2.6)" =081 | (1-2.4) =1.96

2.2.2 Calculated examples of O’Brien’s test
2.2.2.1 Calculated example of original O’Brien’s test (OB).
The hypothesis: H, :0f =07 =07 versus H, 107 # 0 for at least onei # j .

The test statistic is

k
- (V. -T2
W k),zﬂ: W =V) (30 - 3){10(20.61) +10(9.92) +10(1.88)}

OB = = =0.
e = 3 -1)125.50 +389.67 + 25.50 +... +131.56
-0y Y@, -7y G- 5
=1 j=1
The null hypothesis is rejected when OB>F,, ., where
Fo05,2,27y = 3.35 s the upper critical value of the F-distribution with 2 and 27

degree of freedom at a significance level of 0.05. From computing found that
OB=0.79<3.35, that do not reject H,. So, three population variances are equal.

Its details of the computing are shown as follows:

Computing of )?1=2le n,=8+3+8+5+8+'"+9=7.6,
= 10
X, =Zij n, _8+6+2+’17(;+6+...+11=8.2,

J=

X, - ij/na =4+12+10+”+10+'"+9=s.s.
J=1

10
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Computing of =Y, X)z / D)= 8-76)° +(3-76)" +..+(9-76)" 493
J=1 10—1
- ZXU__X)Z/’& D)= (8—82) +(6—82) +..+(11-82) _1262
10-1
2
/( )= (4-88)* +(12-8.8) +..+(0-8.8)° 1084
10-1
Computing of X,, V,-'=( (150 (X, - X)Z—O'SS’Z(n’—I), and ¥, show in
4 (”i "'1)(”1 - 2)
Table 2.5 as follows:

Table 25  Computing of X, ¥,, and ¥,

(n,~1.5m,(X, —X,)* ~055}(n, ~1)
X | X X, " ( ~D, —2)
Vlj V2j V3j
8 8 4 -0.12 -0.74 26.52
3 6 12 24.67 492 1141
8 2 10 -0.12 44.59 1.02
5 7 11 7.67 0.91 5.04
8 6 10 ~0.12 4.92 1.02
11 7 11 13.34 0.91 5.04
7 15 6 0.12 53.80 8.58
8 11 12 -0.12 8.47 11.41
9 9 3 2.01 -0.03 39.04
9 11 9 2.01 8.47 -0.63
X, X, X, V, =49.33/10 | 7, =126.22/10 | ¥, =108.44/10
=76 | =82 =88 | =493 . =12.62 =10.84
Computing of V =(49.33 +126.22 +108.44)/30 = 9.47.
Computing of (7, -V)* =(4.93-9.47)" =20.6],
V, -V)? = (12.62-9.47)* =9.92,
and (V, -V)* =(10.84-9.47)* =1.88.

Results after transformation ¥, = (Z vy, ] /n, =S} =4.93,

2 =L2 sz]/n2 =S =12.62,
J=t

- (2 1./31.)/n3 = $2 =10.84.
J=1

Computing of (V; — V) shows in Table 2.6 as follows:

o

and



Table 2.6

Computing of (¥V; —¥,)

(Vlj "f/_l)2

(sz‘"ff—z)2

(Vsj _'173)2

(-0.12-4.93)° =25.50
(24.67-4.93)" =389.67
(-0.12-4.93) =25.50
(7.67-4.93) =17.51
(-0.12~4.93)" =25.50
(13.34-4.93) =70.73
(0.12-4.93) =23.14
(-0.12-4.93)" =25.50
(2.01-4.93) =8.53
(2.01-4.93)* =8.53

(-0.74-12.62) =178.49
(4.92-12.62)° =59.29
(44.59-12.62)" =1022.08
(0.91-12.62) =173.12
(4.92-12.62)* =59.29
(0.91-12.62)° =173.12
(53.80-12.62)° =1635.79
(8.47-12.62)* =17.22
(~0.03-12.62)° =160.02
(8.47-12.62)° =17.22

(2652-10.84)° =24586
(11.41-10.84)° =0.32
(1.02-10.84) =96.43
(5.04—10.84)" =33.64
(1.02-10.84) =96.43
(5.04-10.84)" =33.64
(8.58-10.84)° =5.11
(11.41-10.84) =0.32
(39.04-10.84)* =79524
(-0.63-10.84)° =131.56

2.2.2.2 Calculated example of modified O’Brien’s test based on the

median (MOB).

The hypothesis: H, 107 =02 =a7 versus H, :0} # 07 for at least onei # j .

The test statistic is

(N- k)Zn, Vi~
MOB= el

Vu)

(30— 3){10(26.73) +10(8.47) +10(5.06)}

(k —I)ZZ(Vw -

i=l j=1

7y T (3-D{29.48+58033+29.48 +...+144.96]
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The nult hypothesis is rejected when MOB>F,,  y,, where

Flo0s.221y = 3.35is the upper critical value of the F-distribution with 2and 27 degree

of freedom at a significance level of 0.05.

From computing found that

MOB=0.64<3.35, that do not reject H,. So, three population varlances are equal.

Its detaits of the computing are shown as fotlows:

in ascending order X,: 3,5,7,8,8,8,8,9,9,11 and M, =(8+8)/2=8,

in ascending order X,: 2,6,6,7,7,8,9,11,11,15 and M, =(7+8)/2="17.25,

in ascending order X,: 3,4,6,9,10 ,10 ,11,11,12 ,12 and M, =(10+10)/2 =10.

computing of

SEZZ,
§ =

St =i(Xu _"Yl)‘ / 1)
_x) /(n2 )= (8—82+(6—
< =12

37 _){3) /(ns"l

j=1

J=

(8 76) +(3-—76) +..+0- 76)

10-1

101

10-1

=493

8.2 +..+(11-82) ~1262,

))=(4—8.8) +(12-88) +..+(9-88) 1084



Computing of M,, v, =

Table 2.7 as follows:
Table 2.7

(n, —1.5)m,(X, - M,)* ~0.557(n, 1)

(ni = 1)("1 - 2)

Computing of M,, ¥, , and V,,,

21

and ¥, show in

(n,-1.5)n,(X, - M,)* - 0587 (n, 1)
X | x| X " (n,—1)(n,=2)
Vm 5] VM2 i VM3 j
8 8 4 ~0.31 =049 41.82
3 6 12 29.21 1.87 4.04
8 2 10 ~-0.31 34.92 -0.68
5 7 11 0.32 ~-0.49 0.50
8 6 10 -0.31 1.87 -0.68
11 7 11 10.32 -0.49 0.50
7 15 6 0.87 65.62 18.21
8 11 12 -0.31 13.67 4.04
9 9 3 0.87 1.87 57.17
9 11 9 0.87 13.67 0.50
M, | M, M, Vo =51.22/10 | 7,,,=132.02/10 | 7,,, =125.42/10
=8 | =75] =10 | =5.12 =13.20 =12.54

Computing of
Computing of

V.., - V,0)? =(13.20-10.29)% =8.47,

and
Computing of (¥,
Table 2.8

Computing of (Vy —V34)?

(Vg5 = Vo, )* =(12.54 -10.29) =5.06.

—V,,)? shows in Table 2.8 as follows:

V,, =(51.22+132.02 +125.42)/30 =10.29.
Vo — V) =(5.12-10.29)* =26.73,

(ij - I—/-)m)z

(VMZ j I71\42 )2

(VM3 j I7}\13)2

(-031-5.127 =2948
(2921-5.12) =58033
(-0.31-5.12F =29.48
(0.32-5.12)" =23.04
(-0.31-5.12)* =29.48
(10.32-5.12) =27.04
(0.87-5.12) =18.06
(-0.31-5.12)* =29.48
(0.87-5.12)* =18.06
(0.87-5.12)* =18.06

(-0.49-13.20) =187.42
(1.87-13.20" =12837
(34.92-13.20)* =471.76
(-0.49-13.20) =187.42
(1.87-13.20)" =128.37
(-0.49-13.20)* =187.42
(65.62-1320) =274786
(13.67-13.20f =0.22
(1.87-13.20)* =128.37
(13.67-13.20)" =0.22

(41.82-12.54)° =85732
(4.04-12.54)* =7225
(-0.68-12.54) =17477
(0.50-12,54)" =144.96
(-0.68—12.54f =174.77
(0.50-12.54)° =144.96
(18.21-12.54)* =32.15
(4.04~12.54) =72.25
(57.17-1254) =199184
(0.50-12.54)* =144.96
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2.2.3 Calculated examples of Jackknife test
2.2.3.1 Calculated example of original Jackknife test (J).
The hypothesis: H, :07 =07 =07 versus H, :0} # 0" for at least onei # j .

The test statistic is

k — ——
(N-B)Y n,(U,-U)’
J — ki:l"

&k-0>> W, -T,)

i=1 j=1

_(30- 3){10(0.27) +10(0.14) +10(0.02)} _ 0.63
(3-D{1.52+30.56 +1.52 +...+1.30} ’

The null hypothesis is rejected when J>F,, yy Wwhere
Flo0s.22m =3-35 is the upper critical value of the F-distribution with 2 and 27
degree of freedom at a significance level of 0.05. From computing found that
J = 0.63 < 3.35, that do not reject H,. So, three population variances are

equal.

Its details of the computing are shown as follows:

Computing of X, =2Xu/n,=8+3+8+5+8+"'+9=7.6,
' S A ' 10
5 % 8+6+2+7+6+..+11
X, =2X21/n2 = o =8.2,
J=
< 4+412+10+11+10+...+9
Xy= ZX3,/ 0 =8.8.
J=1
- 2 - 2 _ 2
Computing of —Z \ -X )2 / (8 767 +G Z£1+"'+(9 79 =493
J=l

ZJ_X)Z/ D)= _(8-827 +(6- zlzgz’; +(11-82) _1262,

i(X;, -X, / -)= (3% +(12$)1+ HOBY 1184

~)S?* -nl\X,-X,| /ln -1 -
Computing of S;=((nl )Sl nzr(:‘i ) 1)2 (n, )), [J,j:n, lOgSlz '—(n,—l)S;. and qj-

show in Table 2.9 as follows:
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Table 29  Computing of S7,U,,and T
n ~1)S? -nl\X, - X, i n—1
S,§=((' ) éi) A )) U, =n,logS} —(n,-1S}.

St S3; Sy, U, U, U,,
5.53 14.19 9.00 0.57 1.48 4.06
2.61 13.53 10.78 7.33 1.91 244
5.53 8.86 12.00 0.57 5.72 1.47
4.61 14.00 11.53 221 1.60 1.83
5.53 13.53 12.00 0.57 1.91 1.47
3.94 14.00 11.53 3.62 1.60 1.83
5.50 7.78 11.11 0.62 6.89 2.17
5.53 13.11 10.78 0.57 2.19 2.44
5.28 1411 7.53 0.98 1.53 5.67
5.28 13.11 12.19 0.98 2.19 1.33

U, =18.02/10 | T, =27.02/10 | U, =24.71/10
=1.802 =2.702 =2.471
Computing of U =(18.02 +27.02 + 24.71)/30 = 2.325,
U, -U)* =(1.802 - 2.325)* = 0.27,

Computing of

' [T, ~U)? =(2.702 - 2.325)* = 0.14,
and U, -U)* =(2.471-2.325)* =0.02.
Computing of (U, —(—f,)2 shows in Table 2.10 as follows:
Table 210  Computing of (U, —(7;.)2

(Ulj _[—]—1)2 (Uzj "[—]—2)2 (U3] _ﬁg)z

(0.57-1.802)* =1.52
(7.33-1.802)* =30.56
(0.57-1.802)* =1.52
(2.21-1.802)" =0.17
(0.57-1.802)" =1.52
(3.62-1.802) =3.31
(0.62-1.802)* =1.40
(0.57-1.802)° =1.52
(0.98-1.802)" = 0.68
(0.98—-1.802)° = 0.68

(1.84-2.702)" =0.74
(1.91-2.702) =0.63
(5.72-2.702)* =9.11
(1.60-2.702) =121
(1.91-2.702)" =0.63
(1.60-2.702) =1.21
(6.89~2.702) =17.54
(2.19-2.702) =0.26
(1.53-2.702)" =1.37
(2.19-2.702)° =0.26

(4.06-2.471) =2.52
(2.44-2.471)* =0.001
(1.47-2.471)* =1.00
(1.83-2.471) =0.41
(1.47-2.471) =1.00
(1.83-2.471) =0.41
(2.17-2.471) = 0.09
(2.44-2.471) =0.001
(5.67-2.471) =10.23
(1.33-2.471)’ =130

2.2.3.2 Calculated example of modified Jackknife test based on the

median (MJ).

The hypothesis: H, 102 =a} =07 versus H, : 07 # o for at least onei # j .



The test statistic is

(N-B)Y.n,Uy-U,)

_ (30 -3){10(0.28) +10(0.15) + 10(0.02)}

it
MJ = )

k-1 U,y -U,s)

i=l j=1

=0.83

C (3-DI125+74.44 4135 +...+0.87
t
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The null hypothesis is rejected when MJ>F,, y, where

F (0.05,2,27)

degree of freedom at a significance level of 0.05.
MJ=0.83<3.35, that do not reject H,.

Its details of the computing are shown as fotlows:

So, three population variances are equat.

in ascending order X: 3,5,7,8,8,8,8,9,9,11 and M, =(8+8)/2=8,

in ascending order X,: 2,6,6,7,7,8,9,11,11,15 and M, =(7+8)/2=1.5,

in ascending order X,: 3,4,6,9,10 ,10 ,11,11,12 ,12 and M,

Computing of

&ZI

X)Z/ D)=

,.1 X)z/”z D)=

=(10+10)/2 =10.
B-76)* +(3-76)* +..+(0-76)*

10-1

) (4-8.8) +(12-88)* +..+(9-88)

10-1

(<n _)s2, - ,.( X, /1)

10-1

Computing of Sfﬁj-

(-2

and U, wmy Show in Table 2.1 as follows:

=3.35 is the upper critical vatue of the F-distribution with 2 and 27

From computing found that

=493

(8820 +(6-820 +..+(1 1-82) 1262
=1084

Uy =n,logSE, (DS,

Table 211 Computing of Siy,, U,y and Uy,
-1 ~1
syl 'ff‘f 2 ) U, =, logS, ~(n, ~DS,
S}m SA242j S:n, UMU UMZj UM3j
3.53 9.11 6.72 0.56 1.47 3.65
1.80 8.71 7.77 6.62 1.87 234
3.53 5.94 8.50 0.56 532 1.53
2.99 8.99 8.22 2.05 1.59 1.84
3.53 8.71 8.50 0.56 1.87 1.53
2.59 8.99 8.22 3.34 1.59 1.84
3.51 5.30 17.97 0.61 6.34 2.11
3.53 8.46 7.77 0.56 2.14 2.34
3.38 9.06 5.84 0.95 1.52 491
3.38 8.46 8.61 0.95 2.14 1.42
U,, =16.76/10 | U,,, =258510 | U,,,=235}/10
=1.676 =2.585 =2.351
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Computing of U, =(16.76 + 25.85 + 23.51)/30 = 2.204.

Computing of U, -U,,)* =(1.676 —2.204)% =0.28,
(U, -U,)* =(2.585 - 2.204)* = 0.15,

and U, -U,,)" =(2.351-2.204)* =0.02.

Computing of (U, ~U,,;)*. shows in Table 2.12 as follows:

Table 2.12

Computing of (U, — U,

(Um ;o Efm)z

(Um ;T (—J—Mz )2

(UM3 j U_M3 )2

(0.56-1.676)" =1.25
(6.62-1.676)" =24.44
(0.56-1.676) =1.25
(2.05-1.676) =0.14
(0.56-1.676) =1.25
(3.34-1.676)" =2.77
(0.61-1.676)" =1.14
(0.56~1.676)’ =1.25
(0.95-1.676)* = 0.53
(0.95-1.676)" =0.53

(1.47-2.585) =1.24
(1.87-2.585) =0.51
(5.32-2.585)" =7.48
(1.59-2.585)* = 0.99
(1.87-2.585)" =0.51
(1.59-2.585)" =0.99
(6.34—2.585) =14.10
(2.14-2.585)" =020
(1.52-2.585) =1.13
(2.14-2.585)" =0.20

(3.65-2.351) =1.69
(2.34-2.351)* =0.0001
(1.53-2.351) =0.67
(1.84-2.351)" =0.26
(1.53-2.351) =0.67
(1.84-2.351) =026
(2.11-2.351) =0.06
(2.34-2.351)" =0.0001
(4.91-2.351)* =6.55
(1.42-2.351)" =0.87

2.2.4 Calculated examples of Box-Andersen test
2.2.4.1 Calculated example of original Box-andersen test (BA).
The hypothesis: H, :07 =02 =o} versus H,:07 #0” for at least onei # j .

The test statistic is

i=1

BA =(E22—_D((N—k)1nsj —i(n,. ——l)lnSf]

2

T @294-1) (B0-3)100.47))- (9*1n(4.93) + (0* In(2.62)) + (9* In(0.84))) =2.13

BA> Zz(l—a,k-l) where
zi(o_95,2) = 5.991 is the upper critical value of the 13 - distribution with 2 degree of

The null hypothesis is rejected when

freedom at a significance level of 0.05. From computing found that
B4 =2.13 < 5.991 , that do not reject H,. So, three population variances are
equal.

Its details of the computing are shown as follows:

e =2le/ni =28+3+8+5+8+...+9=7.6’
- 10

Computing of
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_ [ 8+6+2+T7+6+..+11
X,=Yx, /n2 o =82,
J=1
_i _A4+12+410+11+10+...+9 _88
= 10 o
_ 2 . 2 - 2
Computing of 5= (X _XJ /(nl )= G70+6 17;631+...+(9 19 403
Jj=

By TV L o @8 +(6-82+. +(11-82)
$ =215 /(nz )= o 1262,

i(X X, / _1)- (4-88) +(12-8.8)” +.. +(9-88)° _1084
= 10-1

k k —_
Z("i—l)siz . NZZ(XU —Xi)4
Computing of S2=fL =947 and f,=—2L —~=2.94,

B ($30,-%7)

=1 j=1

2.2.4.2 Calculated example of modified Box-andersen test based on
median version (MBA).
The hypothesis: H,:07 =07 =07 versus H,:0; #07; forat least onei # j .

The modified test statistic is
2 k
MBA =+ N—-k)lnS? - —~1)InS2,
5o (v-8nsg, =326 -1) L)

m((GO 3)In(10.24)) - (9* In(5.11))+ (9* In(13.17)) + (9* In(12.44))) =2.31

The null hypothesis is rejected when MBA> zzu-a,k.x) where
120952y = 5.991 is the upper critical value of the x*- distribution with 2 degree of
freedom at a significance level of 0.05. From computing found that
MBA = 2.31 <5.991 , that do not reject H,. So, three population variances
are equal.
its details of the computing are shown as follows:
in ascending order X,: 3,5,7,8,8,8,8,9,9,11 and M, =(8+8)/2=8,
in ascending order X,: 2,6,6,7,7,8,9,11,11,15 and M, =(7+8)/2=1.5,
in ascending order X,: 3,4,6,9,10 ,10 ,11,11,12 ,12 and M, =(10+10)/2=10.

», 2 ey Q2
Computing of 52, =3, ~M, /(n,—l))=(8 8 +(3 13) 1+...+(9 8 51y
= -
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ny 72 ey 7y
S2M2=ZIX2/"A42)2/(”2_1))=(8 757 +(6 ;/65.)_1+...+(11 7.5) 1317
=]

s, =S\x, M) /(,,3 _p)= @-107 +(02-10P+. 40-10° _

J=1 1 0"’1

i (nl - 1)gm

Computingof  Sj, =4———=1024 and f, =—211 =294,

2.3 Description of probability distributions

Since the data is used in data analysis may be non-normal
distribution, so this study used four population distribution-types consist of normal
distribution, Laplace distribution (leptokurtic distribution), uniform distribution

(platykurtic distribution) and gamma distribution (skewed distribution).

2.3.1 Normal distribution ‘

The normmal distribution was first discovered by De Moivre in 1733. He
developed the normal distribution as an approximation to the binomial distribution.
Later it was rediscovered by Karl Gauss in 1809 and in 1812 by Laplace. Normal
distribution is atso called Gaussian distribution. For further discussions on the history
of the normal distribution and its development, readers are referred to (Pearson,
1967; Patel and Read, 1982; Johnson et al., 1994; Stigler, 1999) and references
therein. Also, see (Wiper et al., 2005) for recent developments.

2.3.1.1 Characteristics of the normal distribution

The random variable X whose distribution has the shape of a normal
curve or “bell-shaped curve” is called a normal random variable. This random
variable X is said a normal distribution with mean u and variance . If its
probability density function is given by

f(x;u,0)= -_—I__e““”)l’z"z,—oo <x<0w,~0 < p<0,0>0 (2.18)
c

T
Where X is a normal random variable,

4 and o2 are location and scale parameters, respectively,
e and & are the mathematical constant approximated by 2.71828 and
3.14159, respectively.
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population distributions consists of normal distribution, Laplace distribution, uniform
distribution, and gamma distribution.

3. The modified tests in this research can be used replace original test such

as Levene’s test under normal, uniform and gamma distributions.

5.2.2 Research
1. Study in case the population has other distributions or different
distributions in each population.
2. Study in case of population more than 3 population, including 4 and 5
population.
3. Study in case of more sedentary qualities: 7, 8, 9, 10 or more.
4. The modified test can be change to variable formats such as square, log,

and square root.
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~ Appendix

The R program command used in this research
F—————— e
The R program command for probability of type | error and power of a test.

These R program command can change by variables consists of varl, var2, var3, nl,
n2, n3, and alpha.

R-code of Levene’s test and Brown-forsythe test under normal distribution as
follows:

set.seed(55)

m=1000

mul=8

mu2=8

mu3=8

varl=8

var2=8

var3=8

n1=10;n2=10;n3=10
alpha=0.05
temp.L=rep(0,m)
temp.BF=rep(0,m)

p.L=c()

p.BF=c()

for(k in 1:m)

{
x1=rnorm(n1,mul,sgrt(varl))
x2=rnorm(n2,mu2,sqrt(var2))
x3=rnorm(n3,mu3,sqrt(var3))
x=c(x1,x2,x3)

gl=rep(1,n1)

g2=rep(2,n2)

g3=rep(3,n3)

g=c(g1,82,93)
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df=data.frame(x,g)
L=levene.test(df$x,df$g,"mean")
BF=levene.test(df$x,df$g,"median”)
p.LIKI=LSp.value

p.BF[K]=BF$p.value
if(p.LIk]<alpha){temp.LIK]=1}
iflp.BFIkl<alpha){temp.BFk]=1}
cat(c("loop : "K),fill=T)

}
cat(\t',mean(temp.L),\t',mean({temp.BF))

e — e e T ——]

R-code of Levene’s test and Brown-forsythe test under Laplace distribution as

follows:
set.seed(55)
m=1000

mul=8

mu2=38

mu3=8

varl=8

var2=8

var3=8
lamdal=sqrt(var1/2)
lamda2=sqrt(var2/2)
lamda3=sqrt(var3/2)
n1=10;n2=10;n3=10
alpha=0.05
temp.L=rep(0,m)
temp.BF=rep(0,m)
p.L=c()

p.BF=c()

for(k in 1:m)

{
x1=rdoublex(n1,mul,lamdal)



x2=rdoublex(n2,mu2,lamda2)
x3=rdoublex(n3,mu3,lamda3)
x=c(x1,x2,x3)

gl=rep(1,n1)

g2=rep(2,n2)

g3=rep(3,n3)

g=c(g1,92,93)

df=data.frame(x,g)
L=levene.test(df$x,df$g,"mean")
BF=levene.test(df$x,df$g,"median")
p.LIKI=LS$p.value
p.BF[K]=BFS$p.value
if(p.L[kl<alpha){temp.L[k]=1}
if(p.BF[k]<alpha){temp.BF[k]=1}
cat(c("loop : "k),fill=T)

}

cat(\t',mean(temp.L),\t'",mean(temp.BF))
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R-code of Levene’s test and Brown-forsythe test under uniform distribution as

follows:

set.seed(55)

m=1000

mul=8

mu2=8

mu3=8

var1=8

var2=8

var3=8
Al=mul-sqrt(3*varl)
A2=mu2-sqrt(3*var2)
A3=mu3-sqrt(3*var3)
Bl=mul+sqrt(3*varl)
B2=mu2+sqrt(3*var2)



B3=mu3+sqrt(3*var3)
n1=10;n2=10;n3=10
alpha=0.05
temp.L=rep(0,m)
temp.BF=rep(0,m)

for(k in 1:m)

{

x1=runif(n1,A1,B1)
x2=runif(n2,A2,B82)
x3=runif(n3,A3,83)

x=c(x1,x2,x3)

gl=rep(1,n1)

g2=rep(2,n2)

g3=rep(3,n3)

g=c(g1,92,93)

df=data.frame(x,g)
L=levene.test(df$x,df$g,"mean")
BF=levene.test(df$x,df$g,"median")
p.LIKl=LSp.value
p.BFk]=BF$p.value
if(p.L[K]<alpha){temp.L[k]=1}
if(p.BF[k]l<alpha){temp.BF[k]=1}
cat(c("loop : " k) fill=T)

}

cat(\t',mean(temp.L),\t',mean(temp.BF))
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R-code of Levene’s test and Brown-forsythe test under gamma distribution as

follows:
set.seed(55)
m=1000

mul=8



mu2=8

mu3=8

varl=8

var2=8

var3=8
Bl=varl/mul
B2=var2/mu2
B3=var3/mu3
Al=(mu1A2)/varl
A2=(mu2A2)/var2
A3=(mu3A2)/var3
n1=10;n2=10;n3=10
alpha=0.05
temp.L=rep(0,m)
temp.BF=rep(0,m)
p.L=c()

p.BF=c()

for(k in 1:m)

{

x1=rgamma(n1,A1,1/B1)
x2=rgamma(n2,A2,1/B2)
x3=rgamma(n3,A3,1/B3)

x=c(x1,x2,x3)
gl=rep(1,n1)
g2=rep(2,n2)
g3=rep(3,n3)
g=c(g1,92,83)
df=data.frame(x,g)

L=levene.test(df$x,df$g,"mean")
BF=levene.test(df$x,df$g,"median")

p.L[KI=LS$p.value
p.BF[K]=BF$p.value

if(p.L[Kl<alpha){temp.LK]=1}
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if(p.BF[Ki<alpha){temp.BF[k]=1}
cat(c("loop : "K),fill=T)
}

cat(\t,mean(temp.L),\t',mean(temp.BF))
—_ e ]

R-code of O’Brien test and Modified O’Brien test under normal distribution as

follows:

set.seed(55)

m=1000

mul=8

mu2=8

mu3=8

k=3

varl=8

var2=8

var3=8

n1=10;n2=10;n3=10
N=n1+n2+n3

alpha=0.05
temp.OB=rep(0,m)
temp.MOB=rep(0,m)
p.OB=c()

p.MOB=c()

for(p in 1:m)

{
x1=rnorm(n1,mul,sqgrt{vari))
x2=rnorm(n2,mu2,sqrt(var2))
x3=rnorm(n3,mu3,sqrt{var3))
x=c(x1,x2,x3)

gl=rep(1,n1)

g2=rep(2,n2)

g3=rep(3,n3)

g=c(g1,62,¢3)



df=data.frame(x,g)

w=0.5

al=(w+n1-2)*n1
a2=(w+n2-2)*n2
a3=(w+n3-2)*n3
aal=(x1-mean(x1))"2
aa2=(x2-mean(x2))"2
aa3=(x3-mean(x3))"2
aaal=(n1-1y*w*var(x1)
aaa2=(n2-1)*w*var(x2)
aaa3=(n3-1)*w*var(x3)
aaaal=(n1-1*(n1-2)
aaaa2=(n2-1)%(n2-2)
aaaa3=(n3-1*(n3-2)
bl=(al*aal)

b2=(a2*aa2)

b3=(a3*aa3)
vl=(bl-aaal)/aaaal
v2=(b2-aaa2)/aaaa2
v3=(b3-aaa3)/aaaa3
v=c(vl,v2,v3)
cl=(mean(vl)-mean(v))A2
c2=(mean(v2)-mean(v))A2
c3=(mean(v3)-mean(v))A2
ccl=(vi-mean(v1))A2
cc2=(v2-mean(v2))A2
cc3=(v3-mean(v3))"2
dfi=k-1

df2=N-k
c=sum{nl*cl,n2*c2,n3*c3)
cc=sumlccl,cc2,cc3)
tl=c/df1

t2=cc/df2
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OB=t1/t2

gf(1-alpha,df1,df2)
1-pf(OB,df1,df2)
ala=(w+n1-2)*n1
a2a=(w+n2-2)*n2
a3a=(w+n3-2)*n3
aala=(x1-median(x1))A2
aa2a=(x2-median(x2))A2
aa3a=(x3-median(x3))"2
aaala=(n1-1*w*var(x1)
aaa2a=(n2-1)*w*var(x2)
aaa3a=(n3-1*w*var(x3)
aaaala=(n1-1)*(n1-2)
aaaa2a=(n2-1%(n2-2)
aaaa3a=(n3-1)*(n3-2)
bla=(ala*aala)
b2a=(a2a*aa2a)
b3a=(a3a*aa3a)
vla=(bla-aaala)/aaaala
v2a=(b2a-aaa2a)/aaaa2a
v3a=(b3a-aaa3a)/aaaa3a
va=c(vla,v2a,v3a)
cla=(mean(via)-mean(va))A2
c2a=(mean(v2a)-mean(va))A2
c3a=(mean(v3a)-mean(va))A2
ccla=(vla-mean(via))A2
cc2a=(v2a-mean(v2a))’2
cc3a=(v3a-mean(v3a))A2
dfl=k-1

df2=N-k

ca=sum(n1*cla,n2*c2a,n3*c3a)

cca=sum(ccla,cc2a,cc3a)
tla=ca/dfl
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t2a=cc/df2

MOB=t1a/t2a

qf(1-alpha,df1,df2)
1-pfMOB,dif1,df2)
p.OB[p]=1-pflOB,df1,df2)
p.MOBIpl=1-pMOB,df1,df2)
if(p.OB[pl<alpha){temp.OB[p]=1}
if(p.MOB[pl<alpha){temp.MOB[p]=1}
cat(c("loop : ",p),fill=T)

}
cat(\t',mean(temp.OB),\t',mean(temp.MOB))

e ]

R-code of O’Brien test and Modified O’Brien test under Laplace distribution as

follows:
set.seed(55)
m=1000

mul=8

mu2=8

mu3=8

k=3

varl=8

var2=8

var3=8
lamda1=sqrt(var1/2)
lamda2=sqrt(var2/2)
lamda3=sqrt(var3/2)
n1=10;n2=10;n3=10
N=n1+n2+n3
alpha=0.05
temp.OB=rep(0,m)
temp.MOB=rep(0,m)
p.OB=c()

p.MOB=c()
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for(p in 1:m)

{
x1=rdoublex(n1,mul,\amdal)
x2=rdoublex(n2,mu2,\amda2)
x3=rdoublex(n3,mu3,lamda3)
x=c(x1,x2,x3)

gl=rep(1,n1)

g2=rep(2,n2)

g3=rep(3,n3)

g=c(g1,82,¢3)
df=data.frame(x,g)

w=0.5

al=(w+n1-2)*n1
a2=(w+n2-2)*n2
a3=(w+n3-2)*n3
aal=(x1-mean(x1))A2
aa2=(x2-mean(x2))A2
aa3=(x3-mean(x3))"2
aaal=(n1-1)*w*var(x1)
aaa2=(n2-1)*w*var(x2)
aaa3=(n3-1y*w*var(x3)
aaaal=(n1-1*(n1-2)
aaaa2=(n2-1%(n2-2)
aaaa3=(n3-1)4(n3-2)
bl=(al*aal)

b2=(a2*aa2)

b3=(a3*aa3)
vi=(bl-aaal)/aaaal
v2=(b2-aaa2)/aaaa2
v3=(b3-aaa3)/aaaa3
v=c(vl,v2,v3)
cl=(mean(vl)-mean(v))2

c2=(mean(v2)}-mean(v))A2



c3=(mean(v3)-mean(v))A2
ccl=(vi-mean(v1))A2
cc2=(v2-mean(v2))"2
cc3=(v3-mean(v3))A2
dfi=k-1

df2=N-k
c=sum(nl*c1,n2*c2,n3*c3)
cc=sum(ccl,cc2,cc3)
t1=c/df1

t2=cc/df2

OB=t1/t2
of(1-alpha,dft,df2)
1-pf(OB,df1,df2)
ala=(w+n1-2)*n1
a2a=(w+n2-2)*n2
a3a=(w+n3-2)*n3
aala=(x1-median(x1))A2
aa2a=(x2-median(x2))A2
aa3a=(x3-median(x3))A2
aaala=(n1-1)*w*var(x1)
aaa2a=(n2-1)*w*var(x2)
aaa3a=(n3-1*w*var(x3)
aaaala=(n1-1*(n1-2)
aaaa2a=(n2-1)*(n2-2)
aaaa3a=(n3-1)*(n3-2)
bla=(ala*aala)
b2a=(a2a*aa2a)
b3a=(a3a*aa3a)
via=(bla-aaala)/aaaala
v2a=(b2a-aaa2a)/aaaa2a
v3a=(b3a-aaa3a)/aaaa3a
va=c(vla,v2a,v3a)

cla=(mean(vla)-mean(va))A2
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c2a=(mean(v2a)-mean(va))A2
c3a=(mean(v3a)-mean(va))A2
ccla=(via-mean(via))A2
cc2a=(v2a-mean(v2a))\2
cc3a=(v3a-mean(v3a)'2
dfi=k-1

df2=N-k
ca=sum(n1*cla,n2*c2a,n3*c3a)
cca=sum(ccla,cc2a,cc3a)
tla=ca/dfl

t2a=cc/df2

MOB=t1a/t2a
gf(1-alpha,df1,df2)
1-pf(MOB,df1,df2)
p.OBIp]=1-pfOB,df1,df2)
p.MOB[p]=1-pfMOB,df1,df2)
if(p.OB[pl<alpha){temp.OB[p]=1}

if(p.MOB[pl<alpha){temp.MOB[p]=1}

cat(c("loop : ",p),fill=T)
}

cat(\t',mean(temp.OB),\t',mean(temp.MOB))
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R-code of O’Brien test and Modified O’Brien test under uniform distribution as

follows:
set.seed(55)
m=1000
mul=8
mu2=8
mu3=8

k=3

varl=8
var2=8

var3=8



Al=mul-sqrt(3*varl)
A2=mu2-sqrt(3*var2)
A3=mu3-sqrt(3*var3)
Bl=mul+sqrt(3*varl)
B2=mu2+sqrt(3*var2)
B3=mu3+sqrt(3*var3)
n1=10;n2=10;n3=10
N=n1+n2+n3
alpha=0.05
temp.0B=rep(0,m)
temp.MOB=rep(0,m)
p.0B=c()

p.MOB=c()

for(p in 1:m)

{

x1=runif(n1,A1,B1)
x2=runif(n2,A2,82)
x3=runif(in3,A3,83)
x=c(x1,x2,x3)
gl=rep(1,n1)
g2=rep(2,n2)
g3=rep(3,n3)
g=c(g1,92,83)
df=data.frame(x,g)
w=0.5
al=(w+n1-2)*n1
a2=(w+n2-2)*n2
a3=(w+n3-2)*n3
aal=(x1-mean(x1)"2
aa2=(x2-mean(x2))A2
aa3=(x3-mean(x3)A2
aaal=(n1-1y*w*var(x1)
aaa2=(n2-1)*w*var(x2)
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aaa3=(n3-1)*w*var(x3)
aaaal=(n1-1*(n1-2)
aaaa2=(n2-1)*(n2-2)
aaaa3=(n3-1*(n3-2)
bl=(al*aal)
b2=(a2*aa2)
b3=(a3*aa3)
vl=(bl-aaal)/aaaal
v2=(b2-aaa2)/aaaa2
v3=(b3-aaa3)/aaaa3

v=c(vl,v2,v3)

cl=(mean(vl)-mean(v))A2
c2=(mean(v2)-mean(v))A2

c3=(mean(v3)-mean(v))*2

ccl=(vl-mean(vi)A2
cc2=(v2-mean(v2))A2
cc3=(v3-mean(v3))"2
df1=k-1
df2=N-k

c=sum(n1*c1,n2*c2,n3*c3)

cc=sum(ccl,cc2,cc3)
tl=c/dfl

t2=cc/df2

OB=t1/t2
gf(1-alpha,df1,df2)
1-pf(OB,df1,df2)
ala=(w+nl-2)*n1
a2a=(w+n2-2)*n2
a3a=(w+n3-2)*n3
aala=(x1-median(x1))"2
aa2a=(x2-median(x2))A2
aa3a=(x3-median(x3))A2

aaala=(n1-1y*w*var(x1)
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aaa2a=(n2-1)*w*var(x2)
aaa3a=(n3-1)*w*var(x3)
aaaala=(n1-1)%(n1-2)
aaaa2a=(n2-1)*(n2-2)
aaaa3a=(n3-1)*(n3-2)
bla=(ala*aala)
b2a=(a2a*aa2a)
b3a=(a3a*aa3a)
via=(bla-aaala)/aaaala
v2a=(b2a-aaa2a)/aaaa2a
v3a=(b3a-aaa3a)/aaaa3a
va=c(vla,v2a,v3a)
cla=(mean(via)-mean(va))’2
c2a=(mean(v2a)-mean(va))"2
c3a=(mean(v3a)-mean(va))"2
ccla=(via-mean(via))A2
cc2a=(v2a-mean(v2a))A2
cc3a=(v3a-mean(v3a))A2
dfi=k-1

df2=N-k
ca=sum(ni*cla,n2*c2a,n3*c3a)
cca=sum(ccla,cc2a,cc3a)
tla=ca/df1

t2a=cc/df2

MOB=t1a/t2a
gf(1-alpha,dfi,df2)
1-pf(MOB,df1,df2)
p.OB[p]=1-pf(OB,df1,df2)
p.MOBI[p]=1-pfMOB,df1,df2)
if(p.OB[pl<alpha){temp.OB[p]=1}
if(p.MOB[pl<alpha)temp.MOB[p]=1}
cat(c("loop : ",p),fill=T)

}
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cat(\t',mean(temp.0B),\t’,mean(temp.MOB))
w

R-code of O’Brien test and Modified O’Brien test under gamma distribution as
follows:

set.seed(55)

m=1000

mul=8

mu2=8

mu3=8

k=3

varl=8

var2=8

var3=8

Bl=varl/mul
B2=var2/mu2
B3=var3/mu3
Al=(mulA2)/varl
A2=(mu2/2)/var2
A3=(mu3A2)/var3
n1=10;n2=10;n3=10
N=n1+n2+n3
alpha=0.05
temp.OB=rep(0,m)
temp.MOB=rep(0,m)
p.0B=c()

p-MOB=c()

for(p in 1:m)

{
x1=rgamma(n1,A1,1/B1)
x2=rgamma(n2,A2,1/B2)
x3=rgamma(n3,A3,1/83)
x=c(x1,x2,x3)
gl=rep(1,n1)



g2=rep(2,n2)
g3=rep(3,n3)
g=c(g1,92,83)
df=data.frame(x,g)
w=0.5
al=(w+n1-2)*nl
a2=(w+n2-2)*n2
a3=(w+n3-2)*n3
aal=(x1-mean(x1))A2
aa2=(x2-mean(x2))A2
aa3=(x3-mean(x3))"2
aaal=(n1-1)*w*var(x1)
aaa2=(n2-1y*w*var(x2)
aaa3=(n3-1*w*var(x3)
aaaal=(n1-1)%(n1-2)
aaaa2=(n2-1)*(n2-2)
aaaa3=(n3-1)*(n3-2)
bl=(al*aal)
b2=(a2*aa2)
b3=(a3*aa3)
vl=(b1-aaal)/aaaal
v2=(b2-aaa2)/aaaa2
v3=(b3-aaa3)/aaaa3
v=c(vl,v2,v3)
cl=(mean(vl)-mean(v))A2
c2=(mean(v2)-mean(v))A2
c3=(mean(v3)-mean(v))A2
ccl=(vi-mean(vi)A2
cc2=(v2-mean(v2))A2
cc3=(v3-mean(v3))"2
df1=k-1

df2=N-k

c=sum(n1*c1,n2*c2,n3*c3)
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cc=sumf(ccl,cc2,cc3)
t1=c/df1

t2=cc/df2

OB=t1/t2
gf(1-alpha,df1,df2)
1-pflOB,df1,df2)
ala=(w+n1-2)*n1
a2a=(w+n2-2)*n2
a3a=(w+n3-2)*n3
aala=(x1-median(x1))A2
aa2a=(x2-median(x2))A2
aa3a=(x3-median(x3))2
aaala=(n1-1*w*var(x1)
aaa2a=(n2-1)*w*var(x2)
aaa3a=(n3-1*w*var(x3)
aaaala=(n1-1)*(n1-2)
aaaa2a=(n2-1*(n2-2)
aaaa3a=(n3-1*(n3-2)
bla=(ala*aala)
b2a=(a2a*aa2a)
b3a=(a3a*aa3a)
vla=(bla-aaala)/aaaala
v2a=(b2a-aaa2a)/aaaa2a
v3a=(b3a-aaa3a)/aaaa3a
va=c(vla,v2a,v3a)
cla=(mean(via)-mean(va))’2
c2a=(mean(v2a)-mean(va))*2
c3a=(mean(v3a)-mean(va))’2
ccla=(vla-mean(via))r2
cc2a=(v2a-mean(v2a))A2
cc3a=(v3a-mean(v3a))A2
dfi=k-1

df2=N-k
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ca=sum(nl*cla,n2*c2a,n3*c3a)
cca=sum(ccla,cc2a,cc3a)
tla=ca/dfl

t2a=cc/df2

MOB=tla/t2a

gf(1-alpha,df1,df2)
1-pf(MOB,df1,df2)
p.OB[p]=1-pAOB,df1,df2)
p.MOB[p]=1-pf(MOB,df1,df2)
if(p.OB[p]<alpha){temp.OB[p]=1}
if(p.MOB[pl<alpha){temp.MOB[p]=1}
cat(c("loop : ",p)fill=T)

}
cat(\t',mean(temp.0B),\t',mean(temp.MOB))

e ———
e ————

R-code of Jackknife test and Modified Jackknife test under normal distribution as
follows:
set.seed(55)
m=1000

mul=8

mu2=8

mu3=8

k=3

varl=8

var2=8

var3=8
n1=10;n2=10;n3=10
N=nl+n2+n3
alpha=0.05
temp.J=rep(0,m)
p.J=c()
temp.MJ=rep(0,m)
p-MJ=c()
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for(p in 1:m)

{
x1=rnorm(n1,mul,sqrt(var1))
x2=rnorm(n2,mu2,sqrt(var2))
x3=rnorm(n3,mu3,sgrt(var3))
x=c(x1,x2,x3)
gl=rep(1,n1)
g2=rep(2,n2)
g3=rep(3,n3)
g=c(g1,92,93)
df=data.frame(x,g)
al=(n1-1)*var(x1)
a2=(n2-1)*var(x2)
a3=(n3-1)*var(x3)
b1=(x1-mean(x1))A2
b2=(x2-mean(x2))A2
b3=(x3-mean(x3))A2
bbil=n1*bl
bb2=n2*b2
bb3=n3*b3
bbb1=bb1/(n1-1)
bbb2=bb2/(n2-1)
bbb3=bb3/(n3-1)
cl=al-bbbl
c2=a2-bbb2
c3=a3-bbb3
s1=c1/(n1-2)
s2=c2/(n2-2)
$3=c3/(n3-2)
d1=log(var(x1))
d2=log(var(x2))
d3=log(var(x3))
ddi=n1*d1



dd2=n2*d2
dd3=n3*d3
el=log(s1)

e2=log(s2)

e3=log(s3)
eel=(nl-1)*el
ee2=(n2-1)*e2
ee3=(n3-1)*e3
ul=ddi-eel
u2=dd2-ee2
u3=dd3-ee3
u=c(ul,u2,u3)
f1=(mean(ul)-mean{u))A2
f2=(mean(u2)-mean(u)”2
f3=(mean(u3)-mean(u))2
ffl=n1*f1

ff2=n2*2

ff3=n3%*3
ff=sum(ff1,ff2,ff3)
ol=(ul-mean{ui)’2
02=(u2-mean(u2))2
03=(u3-mean(u3))’2
o=sum(01,02,03)
dfl=k-1

df2=N-k

t1=ff/df1

t2=0/df2

J=t1/t2
gf(1-alpha,df1,df2)
1-pfU,df1,df2)
z1=(x1-median(x1))A2
z2=(x2-median(x2))A2
z3=(x3-median(x3))A2
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zz1=sum(z1)
zz2=sum(z2)
zz3=sum(z3)
zzz1=zz1/(n1-1)
zz22=722/(n2-1)
2223=7223/(n3-1)
mal=(n1-1)*zzz1
ma2=(n2-1)*zzz2
ma3=(n3-1)*zzz3
mb1=(x1-mean(x1))A2
mb2=(x2-mean(x2))"2
mb3=(x3-mean(x3))2
mbb1=n1*mb1
mbb2=n2*mb2
mbb3=n3*mb3
mbbb1=mbb1/(n1-1)
mbbb2=mbb2/(n2-1)
mbbb3=mbb3/(n3-1)
mcl=mal-mbbbl
mc2=ma2-mbbb2
mc3=ma3-mbbb3
msl=mc1/(n1-2)
ms2=mc2/(n2-2)
ms3=mc3/(n3-2)
md1=log(zzz1)
md2=log(zzz2)
md3=log(zzz3)
mddi=n1*md1
mdd2=n2*md2
mdd3=n3*md3
mel=log(ms1)
me2=log(ms2)

me3=log(ms3)
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meel=(n1-1)*mel
mee2=(n2-1)*me2
mee3=(n3-1)*me3
ulm=mddi-meel
u2m=mdd2-mee2
u3m=mdd3-mee3
um=c(ulm,u2m,u3m)
mfi=(mean(ulm)-mean(um))”2
mf2=(mean(u2m)-mean(um))A2
mf3=(mean(u3m)-mean(um))A2
mffl=n1*mfl

mff2=n2*mf2

mff3=n3*mf3
mff=sum(mff1,mff2,mff3)
mol=(uim-mean(ulm))A2
mo2=(u2m-mean(u2m))A2
mo3=(u3m-mean(u3m)"2
mo=sum(mo1,mo2,mo3)
dfi=k-1

df2=N-k

mtl=mff/df1

mt2=mo/df2

MJ=mt1/mt2
qf(1-alpha,df1,df2)
1-pf(MJ,df1,df2)
p.J[pl=1-pfU,df1,df2)
if(p.J[pl<alpha){itemp.Jip]=1}
p-MJ[pl=1-pfiMJ,df1,df2)
iflp.MJ[pl<alpha){temp.MJ[p]=1}
cat(c("loop : ",p),fill=T)

}
cat(\t’,mean(temp.J)),\t',mean(temp.MJ))

—_— ]}
]
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R-code of Jackknife test and Modified Jackknife test under Laplace distribution as

follows:
set.seed(55)
m=1000

mul=8

mu2=8

mu3=8

k=3

varl=8

var2=8

var3=8
lamdal=sqrt(var1/2)
lamda2=sqrt(var2/2)
lamda3=sqrt(var3/2)
n1=10;n2=10;n3=10
N=n1+n2+n3
alpha=0.05
temp.J=rep(0,m)
p.J=c()
temp.MJ=rep(0,m)
p.MJ=c()

for(p in 1:m)

{

x1=rdoublex(n1,mul,lamdal)
x2=rdoublex(n2,mu2,lamda2)
x3=rdoublex(n3,mu3,lamda3)

x=c(x1,x2,x3)
gl=rep(1,n1)
g2=rep(2,n2)
g3=rep(3,n3)
g=c(g1,82,83)
df=data.frame(x,g)
al=(n1-1)*var(x1)



a2=(n2-1)*var(x2)
a3=(n3-1)*var(x3)
b1=(x1-mean(x1))A2
b2=(x2-mean(x2))A2
b3=(x3-mean(x3))A2
bbl=n1*b1
bb2=n2*b2
bb3=n3*b3
bbb1=bb1/(n1-1)
bbb2=bb2/(n2-1)
bbb3=bb3/(n3-1)
cl=al-bbbl
c2=a2-bbb2
c3=a3-bbb3
s1=c1/(n1-2)
s2=c2/(n2-2)
s3=c3/(n3-2)
d1=log(var(x1))
d2=log(var(x2))
d3=log(var(x3))
dd1=n1*d1
dd2=n2*d2
dd3=n3*d3
el=log(s1)
e2=log(s2)
e3=og(s3)
eel=(n1-1)*el
ee2=(n2-1)*e2
ee3=(n3-1)*e3
ul=ddl-eel
u2=dd2-ee2
u3=dd3-ee3

u=c(ul,u2,u3)
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fl=(mean(ul)-mean(u)"2
f2=(mean(u2)-mean(u))A2
f3=(mean(u3)-mean(u))A2
ffl=n1*f1

ff2=n2%*2

ff3=n3*3
ff=sum(ff1,ff2,ff3)
ol=(ul-mean(ul))r2
02=(u2-mean(u2))A2
03=(u3-mean(u3))A2
o=sum(01,02,03)
dfi=k-1

df2=N-k

t1=ff/df1

t2=0/df2

J=t1/t2
gf(1-alpha,df1,df2)
1-pf(J,df1,df2)
z1=(x1-median(x1))A2
72=(x2-median(x2))A2
z3=(x3-median(x3))A2
zz1=sum(z1)
zz2=sum(z2)
zz3=sum(z3)
zzz1=221/(n1-1)
2222=722/(n2-1)
2223=223/(n3-1)
mal=(n1-1)*zzz1
ma2=(n2-1)*zzz2
ma3=(n3-1)*zzz3
mb1=(x1-mean(x1))A2
mb2=(x2-mean(x2))A2
mb3=(x3-mean(x3))A2
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mbbl=n1*mb1
mbb2=n2*mb2
mbb3=n3*mb3
mbbb1=mbb1/(n1-1)
mbbb2=mbb2/(n2-1)
mbbb3=mbb3/(n3-1)
mcl=mal-mbbbl
mc2=ma2-mbbb2
mc3=ma3-mbbb3
msl=mc1/(n1-2)
ms2=mc2/(n2-2)
ms3=mc3/(n3-2)
md1=log(zzz1)
md2=log(zzz2)
md3=log(zzz3)
mdd1=n1*md1
mdd2=n2*md2
mdd3=n3*md3
mel=log(ms1)
me2=log(ms2)
me3=log(ms3)
meel=(nl-1)*mel
mee2=(n2-1)*me2
mee3=(n3-1)*me3
ulm=mddl-meel
uZm=mdd2-mee2
u3m=mdd3-mee3
um=c(ulm,u2m,u3m)
mfl=(mean(ulm)-mean(um))A2
mf2=(mean(u2m)-mean(um))A2
mf3=(mean(u3m)-mean(um))"2
mffl=n1*mf1
mff2=n2*mf2
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mff3=n3*mf3
mff=sum(mff1,mff2,mff3)
mol=(ulm-mean(ulm))A2
mo2=(uZm-mean(u2m)/2
mo3=(u3m-mean(u3m))A2
mo=sum(mo1,mo2,mo3)
dfl=k-1

df2=N-k

mt1=mff/df1

mt2=mo/df2

MJ=mt1/mt2

gf(1-alpha,df1,df2)
1-pfiMJ,df1,df2)
p.Jipl=1-pfUJ,df1,df2)
if(p.J[pl<alpha){temp.Jpl=1}
p.MJ[pl=1-pf(MJ,df1,df2)
iflp.MJ[pl<alpha){temp.MJ[p]=1}
cat(c("loop : ",p)fill=T)

}
cat(\t',mean(temp.J),\t’,mean(temp.MJ))

p— e ]
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R-code of Jackknife test and Modified Jackknife test under uniform distribution as
follows:
set.seed(55)
m=1000

mul=8

mu2=8

mu3=8

k=3

varl=8

var2=8

var3=8
Al=mul-sgrt(3*varl)



A2=mu2-sqrt(3*var2)
A3=mu3-sqgrt(3*var3)
Bl=mul+sgrt(3*varl)
B2=mu2+sqrt(3*var2)
B3=mu3+sqrt(3*var3)
n1=10;n2=10;n3=10
N=n1+n2+n3
alpha=0.05
temp.J=rep(0,m)
p.J=c()
temp.MJ=rep(0,m)
p.MJ=c()

for(p in 1:m)

{

x1=runif(n1,A1,B81)
x2=runif(n2,A2,B2)
x3=runifin3,A3,B3)
x=c(x1,x2,x3)
gl=rep(1,n1)
g2=rep(2,n2)
g3=rep(3,n3)
g=c(g1,82,¢3)
df=data.frame(x,g)
al=(n1-1)*var(x1)
a2=(n2-1)*var(x2)
a3=(n3-1)*var(x3)
b1=(x1-mean(x1))A2
b2=(x2-mean(x2))A2
b3=(x3-mean(x3))A2
bbi=n1*b1
bb2=n2*b2
bb3=n3*b3
bbb1=bb1/(n1-1)
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bbb2=bb2/(n2-1)
bbb3=bb3/(n3-1)
cl=al-bbbl
c2=a2-bbb2
c3=a3-bbb3
s1=c1/(n1-2)
s2=c2/(n2-2)
$3=c3/(n3-2)
d1=log(var(x1))
d2=log(var(x2))
d3=log(var(x3))
dd1=n1*d1
dd2=n2*d2
dd3=n3*d3
el=log(s1)
e2=log(s2)
e3=log(s3)
eel=(n1-1)*el
ee2=(n2-1)*e2
ee3=(n3-1)*e3
ul=ddl-eel
u2=dd2-ee2
u3=dd3-ee3
u=c(ul,u2,u3)
f1=(mean(ul)-mean(u))A2
f2=(mean(u2)-mean(u))A2
f3=(mean(u3)-mean(u))A2
ffi=n1%*f1

ff2=n2*f2

ff3=n3*f3
ff=sum(ff1,ff2,ff3)
ol=(ul-mean(ul))r2

02=(u2-mean(u2))A2
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03=(u3-mean(u3))"2
o=sum(01,02,03)
dfl=k-1

df2=N-k

t1=ff/df1

t2=0/df2

J=t1/12
qf(1-alpha,df1,df2)
1-pfUJ,df1,df2)
z1=(x1-median(x1))"2
z2=(x2-median(x2))"2
73=(x3-median(x3))A2
zz1=sum(z1)
zz2=sum(z2)
zz3=sum(z3)
zzz1=zz1/(n1-1)
2272=722/(n2-1)
z223=223/(n3-1)
mal=(n1-1)*zzz1
ma2=(n2-1)*zzz2
ma3=(n3-1)*zzz3
mb1=(x1-mean(x1))A2
mb2=(x2-mean(x2))A2
mb3=(x3-mean(x3))A2
mbbl=n1*mb1l
mbb2=n2*mb2
mbb3=n3*mb3
mbbb1=mbb1/(n1-1)
mbbb2=mbb2/(n2-1)
mbbb3=mbb3/(n3-1)
mcl=mal-mbbbl
mc2=ma2-mbbb2
mc3=ma3-mbbb3
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ms1=mc1/(n1-2)
ms2=mc2/(n2-2)
ms3=mc3/(n3-2)
md1=log(zzz1)
md2=log(zzz2)
md3=log(zzz3)
mdd1=n1*md1
mdd2=n2*md2
mdd3=n3*md3
mel=log(ms1)
me2=log(ms2)
me3=log(ms3)
meel=(n1-1)*mel
mee2=(n2-1)*me2
mee3=(n3-1)*me3
ulm=mddl-meel
u2m=mdd2-mee2
u3m=mdd3-mee3
um=c(ulm,u2m,u3m)
mfl=(mean(ulm)-mean(um))A2
mf2=(mean(u2m)-mean(um))A2
mf3=(mean(u3m)-mean(um))A2
mffl=n1*mf1
mff2=n2*mf2
mff3=n3*mf3
mff=sum(mff1,mff2,mff3)
mol=(ulm-mean(ulm)A2
mo2=(u2m-mean(u2m)A2
mo3=(u3m-mean(u3m))A2
mo=sum(mo1,mo2,mo3)
dfl=k-1

df2=N-k

mt1=mff/dfl
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mt2=mo/df2

MJ=mt1/mt2

gf(1-alpha,df1,df2)
1-pf(MJ,dfL,df2)
p.J[pl=1-pfl,df1,df2)
if(p.J[p]<alpha){temp.J[p]¥ 1}
p.MJ[p}=1-pf(MJ,df1,df2)
if(p.MJ[pl<alpha){temp.MJ[p]=1}
cat(c("loop : ",p),Aill=T)

}

cat(\t’,;mean(temp.J),\t',mean(temp.MJ))
w

R-code of Jackknife test and Modified Jackknife test under gamma distribution as
follows:
set.seed(55)
m=1000

mul=8

mu2=8

mu3=8

k=3

varl=8

var2=8

var3=8
Bl=varl/mul
B2=var2/mu2
B3=var3/mu3
Al=(mulA2)/varl
A2=(mu2A2)/var2
A3=(mu3A2)/var3
nl=10;n2=10;n3=10
N=n1+n2+n3
alpha=0.05
temp.J=rep(0,m)
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p.J=c()
temp.MJ=rep(0,m)
p.MJ=c()

for(p in 1:m)

{
x1=rgamma(n1,A1,1/B1)
x2=rgamma(n2,A2,1/82)
x3=rgamma(n3,A3,1/B3)
x=c(x1,x2,x3)
gl=rep(1,n1)
g2=rep(2,n2)
g3=rep(3,n3)
g=c(g1,92,83)
df=data.frame(x,g)
al=(n1-1)*var(x1)
a2=(n2-1)*var(x2)
a3=(n3-1)*var(x3)
b1=(x1-mean(x1))A2
b2=(x2-mean(x2))A2
b3=(x3-mean(x3))"2
bbl=n1*bl
bb2=n2*bh2
bb3=n3*b3
bbb1=bb1/(n1-1)
bbb2=bb2/(n2-1)
bbb3=bb3/(n3-1)
cl=al-bbbl
c2=a2-bbb2
c3=a3-bbb3
s1=c1/(n1-2)
s2=c2/(n2-2)
s3=c3/(n3-2)
d1=log(var(x1))



d2=log(var(x2))
d3=log(var(x3))
ddi=n1i*d1
dd2=n2*d2
dd3=n3*d3
el=log(s1)
e2=log(s2)
e3=log(s3)
eel=(nl-1)*el
ee2=(n2-1)*e2
ee3=(n3-1)*e3
ul=ddi-eel
u2=dd2-ee2
u3=dd3-ee3
u=c(ul,u2,u3)
fl1=(mean(ul)-mean(u))"2
f2=(mean(u2)-mean(u)"2
f3=(mean(u3)}-mean(u))*2
ffl=n1%*1

ff2=n2*f2

ff3=n3*3
ff=sum(ff1,ff2,ff3)
ol=(ul-mean(ul))r2
02=(u2-mean(u2))A2
03=(u3-mean(u3))A2
o=sum(01,02,03)
dfi=k-1

df2=N-k

t1=ff/df1

t2=0/df2

J=t1/12
qf(1-alpha,df1,df2)
1-pfU,df1,df2)
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z1=(x1-median(x1))"2
72=(x2-median(x2))A2
23=(x3-median(x3))A2
zz1=sum(z1)
zz2=sum(z2)
zz3=sum(z3)
zzz1=2z1/(n1-1)
2272=722/(n2-1)
zzz3=723/(n3-1)
mal=(n1-1)*zzz1
ma2=(n2-1)*zzz2
ma3=(n3-1)*zzz3
mb1=(x1-mean(x1))A2
mb2=(x2-mean(x2))A2
mb3=(x3-mean(x3))A2
mbbi1=n1*mb1l
mbb2=n2*mb2
mbb3=n3*mb3
mbbb1=mbb1/(n1-1)
mbbb2=mbb2/(n2-1)
mbbb3=mbb3/(n3-1)
mcl=mal-mbbb1l
mc2=ma2-mbbb2
mc3=ma3-mbbb3
msi=mc1/(n1-2)
ms2=mc2/(n2-2)
ms3=mc3/(n3-2)
md1=log(zzz1)
md2=|og(zzz2)
md3=log(zzz3)
mddi=n1*md1
mdd2=n2*md2
mdd3=n3*md3
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mel=log(ms1)

me2=log(ms2)

me3=log(ms3)
meel=(n1-1)*mel
mee2=(n2-1)*me2
mee3=(n3-1)*me3
ulm=mddl-meel
u2m=mdd2-mee2
u3m=mdd3-mee3
um=c(ulm,u2m,u3m)
mfl=(mean(ulm)-mean(um))"2
mf2=(mean(u2m)-mean(um))A2
mf3=(mean(u3m)-mean(um))"2
mffi=n1*mfl

mff2=n2*mf2

mff3=n3*mf3
mff=sum(mff1,mff2,mff3)
mo1=(ulm-mean(ulm)A2
mo2=(u2m-mean(u2m))»2
mo3=(u3m-mean(u3m)/2
mo=sum(mo1,mo2,mo3)
df1=k-1

df2=N-k

mt1=mff/df1

mt2=mo/df2

MJ=mt1/mt2
gf1-alpha,df1,df2)
1-pf(MJ,df1,df2)
p.Jlpl=1-pfU,df1,df2)
ifl(p.Jpl<alpha){temp.Jpl=1}
p-MJ[pl=1-pfiMJ,df1,df2)
iflp.MJ[pl<alpha){temp.MJ[pl=1}
cat{c("loop : ",p).fill=T)
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}
cat(\t',mean(temp.J),\t',mean(temp.MJ))

p—————— e e e e —— ]

R-code of Box-Andersen test and Modified Box-Andersen test under normal

distribution as follows:
set.seed(55)

m=1000

mul=8

mu2=8

mu3=8

k=3

vari=8

var2=8

var3=8

n1=10;n2=10;n3=10
N=n1+n2+n3

alpha=0.05
temp.BA=rep(0,m)

p.BA=c()
temp.MBA=rep(0,m)
p.MBA=c()

for(p in 1:m)

{
x1=rnorm(n1,mul,sqrt(varl))
x2=rmorm(n2,mu2,sqrt(var2))
x3=rnorm(n3,mu3,sqgrt(var3))
x=c(x1,x2,x3)

gl=rep(1,n1)

g2=rep(2,n2)

g3=rep(3,n3)

g=c(g1,82,3)
df=data.frame(x,g)

al=ni-1



a2=n2-1

a3=n3-1
aal=al*var(x1)
aa2=a2*var(x2)
aa3=a3*var(x3)
aa=sum(aal,aa2,aa3)
aaa=aa/(N-k)
a=(N-k)*log(aaa)
bi=al*log(var(x1))
b2=a2*log(var(x2))
b3=a3*log(var(x3))
b=sum(b1,b2,b3)
ab=a-b

cl=1/al

c2=1/a2

c3=1/a3
c=sum(c1,c2,c3)
cc=1/(N-k)

ccc=c-cC

d=3*k-1)

dd=ccc/d

ddd=1+dd
Bart=ab/ddd

df=k-1
qchisq(1-alpha,df)
1-pchisq(Bart,df)
el=(x1-mean(x1))A4
e2=(x2-mean(x2))A\d4
e3=(x3-mean(x3))"\4
eel=(x1-mean(x1))A2
ee2=(x2-mean(x2))A2
ee3=(x3-mean(x3))A2

e=sum(el,e2,e3)

153



ee=sum(eel,ee2,ee3)
f1=N*e

f2=(ee)r2

f=f1/f2

ff=2/(f-1)
MBart=ff*Bart

df=k-1
qchisg(1-alpha,df)
1-pchisq(MBart,df)
BA=ff*ab

df=(k-1)
qchisq(1-atpha,df)
1-pchisq(BA,df)
s1=(x1-median(x1))A2
s2=(x2-median(x2))A2
s3=(x3-median(x3))"2
ss1=sum(s1)
ss2=sum(s2)
ss3=sum(s3)
sss1=ss1/(n1-1)
sss2=552/(n2-1)
sss3=553/(n3-1)
alz=nl-1

a2z=n2-1

a3z=n3-1
aalz=alz*sssl
aa2z=a2z*sss2

aa3z=a3z*sss3

aaz=sum(aalz,aa2z,aa3z)

aaaz=aaz/(N-k)

az=(N-k)*log(aaaz)
biz=a1z*log(sss1)
b2z=a2z*\0g(sss2)
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b3z=a3z*log(sss3)
bz=sum(b1z,b2z,b3z)
abz=az-bz

clz=1/alz

c2z=1/a2z

c3z=1/a3z
cz=sum(c1z,c2z,c3z)
ccz=1/(N-K)
cccz=cz-ccz
dz=3%k-1)
ddz=cccz/dz
dddz=1+ddz
BartM=abz/dddz
df=k-1
qchisg(1-alpha,df)
1-pchisg(BartM,df)
elz=(x1-mean(x1))\4
e2z=(x2-mean(x2))\4
e3z=(x3-mean(x3))\4
eelz=(x1-mean(x1))A2
ee2z=(x2-mean(x2))"2
ee3z=(x3-mean(x3))A2

ez=sum(elz,e2z,e3z2)

eez=sum(eelz,ee2z,ee3z)

flz=N*ez
f2z=(eez)"2
fz=f1z/f2z
ffz=2/(fz-1)
MBartM=ffz*BartM
df=k-1
qchisq(1-alpha,df)
1-pchisg(MBartM,df)
MBA=ffz*abz
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df=(k-1)

qchisq(1-alpha,df)

1-pchisg(MBA,df)

p.BA[p]=1-pchisg(BA,df)
if(p.BAlpl<alpha){temp.BA[p]=1}
p.MBA[p]=1-pchisg(MBA,df)
if(p.MBA[pl<alpha){temp.MBA[p]=1}
cat(c("loop : ",p)fill=T)

}
cat(\t,mean(temp.BA),\t’,mean(temp.MBA))

R-code of Box-Andersen test and Modified Box-Andersen test under Laplace
distribution as follows:
set.seed(55)
m=1000

mul=8

mu2=8

mu3=8

k=3

varl=8

var2=8

var3=8
lamdal=sgrt(varl/2)
lamda2=sqrt(var2/2)
lamda3=sqrt(var3/2)
n1=10;n2=10;n3=10
N=n1+n2+n3
alpha=0.05
temp.BA=rep(0,m)
p.BA=c()
temp.MBA=rep(0,m)
p.MBA=c()

for(p in 1:m)
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{
x1=rdoublex(n1,mul,lamdal)
x2=rdoublex(n2,mu2,tamda2)
x3=rdoubtex(n3,mu3,lamda3)
x=c(x1,x2,x3)
gl=rep(1,n1)
g2=rep(2,n2)
g3=rep(3,n3)
g=c(g1,92,83)
df=data.frame(x,g)
al=nl-1

a2=n2-1

a3=n3-1
aal=al*var(x1)
aa2=a2*var(x2)
aa3=a3*var(x3)
aa=sum(aal,aa2,aa3)
aaa=aa/(N-k)
a=(N-k)*log(aaa)
b1=a1*log(var(x1))
b2=a2*log(var(x2))
b3=a3*log(var(x3))
b=sum(b1,b2,b3)
ab=a-b

cl=1/al

c2=1/a2

c3=1/a3
c=sum(c1,c2,c3)
cc=1/(N-k)

cce=c-cC

d=3*(k-1)

dd=ccc/d

ddd=1+dd



Bart=ab/ddd

df=k-1
qchisg(1-alpha,df)
1-pchisq(Bart,df)
el=(x1-mean(x1))Ad4
e2=(x2-mean(x2))\4
e3=(x3-mean(x3)A\d
eel=(x1-mean(x1))A2
ee2=(x2-mean(x2))"2
ee3=(x3-mean(x3))A2
e=sum(el,e2,e3)
ee=sum(eel,ee2,ee3)
fl=N*e

f2=(ee)2

f=f1/f2

ff=2/(f-1)
MBart=ff*Bart

df=k-1
qchisq(1-alpha,df)
1-pchisq(MBart,df)
BA=ff*ab

df=(k-1)
gchisqg(1-alpha,df)
1-pchisg(BA,df)
s1=(x1-median(x1))2
s2=(x2-median(x2))A2
s3=(x3-median(x3))"2
ssl=sum(s1)
$s2=sum(s2)
ss3=sum(s3)
sss1=ss1/(n1-1)
sss2=552/(n2-1)
$ss3=s53/(n3-1)
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alz=nl-1
a2z=n2-1
a3z=n3-1
aalz=alz*sssl
aa2z=a2z*sss2

aa3z=a3z%*sss3

aaz=sum(aalz,aa2z,aa3z)

aaaz=aaz/(N-k)
az=(N-k)*log(aaaz)
blz=alz*log(sss1)
b2z=a2z*l0g(sss2)
b3z=a3z*log(sss3)
bz=sum(b1z,b2z,b3z)
abz=az-bz

clz=1/alz

c2z=1/a2z

c3z=1/a3z
cz=sum(clz,c2z,c32)
ccz=1/(N-K)
cccz=cz-ccz
dz=3*(k-1)
ddz=cccz/dz
dddz=1+ddz
BartM=abz/dddz
df=k-1
qchisqg(1-alpha,df)
1-pchisq(BartM,df)
elz=(x1-mean(x1))A 4
e2z=(x2-mean(x2))"d
e3z=(x3-mean(x3))A\4
eelz=(x1-mean(x1))A2
ee2z=(x2-mean(x2))A2

ee3z=(x3-mean(x3))A2
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ez=sum(elz,e2z,e3z2)
eez=sum(eelz,ee2z,ee3z)
flz=N*ez

f2z=(eez)A\2

fz=f1z/f2z

ffz=2/(fz-1)

MBartM=ffz*BartM

df=k-1

qgchisq(1-alpha,df)
1-pchisg(MBartM,df)
MBA=ffz*abz

df=(k-1)

qgchisg(1-alpha,df)
1-pchisq(MBA,df)
p.BA[p]=1-pchisg(BA,df)
if{p.BA[pl<alpha){temp.BA[p]=1}
p.MBA[p]=1-pchisq(MBA,df)
if(p.MBA[p]<alpha){temp.MBA[p]=1}
cat(c("loop : ",p)fill=T)

}
cat(\t',mean(temp.BA),\t',mean(temp.MBA))

]
R-code of Box-Andersen test and Modified Box-Andersen test under uniform

distribution as follows:
set.seed(55)

m=1000

mul=8

mu2=8

mu3=8

k=3

varl=8

var2=8

var3=8



Al=mul-sgrt(3*varl)
A2=mu2-sqrt(3*var2)
A3=mu3-sgrt(3*var3)
Bl=mul+sgrt(3*varl)
B2=mu2+sqrt(3*var2)
B3=mu3+sqrt(3*var3)
n1=10;n2=10;n3=10
N=n1+n2+n3
alpha=0.05
temp.BA=rep(0,m)
p.BA=c()
temp.MBA=rep(0,m)
p.MBA=c()

for(p in 1:m)

{

x1=runif(n1,A1,B1)
x2=runifin2,A2,82)
x3=runif(n3,A3,83)
x=c{x1,x2,x3)
gl=rep(1,n1)
g2=rep(2,n2)
g3=rep(3,n3)
g=c(g1,92,83)
df=data.frame(x,g)
al=nl-1

a2=n2-1

a3=n3-1
aal=al*var(x1)
aa2=a2*var(x2)
aa3=a3*var(x3)
aa=sum(aal,aa2,aa3)
aaa=aa/(N-k)
a=(N-k)*log(aaa)
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b1l=a1*log(var(x1))
b2=a2*log(var(x2))
b3=a3*log(var(x3))
b=sum(b1,b2,b3)
ab=a-b

cl=1/al

c2=1/a2

c3=1/a3
c=sum(c1,c2,c3)
cc=1/(N-k)

cce=c-cc

d=3*(k-1)

dd=ccc/d
ddd=1+dd
Bart=ab/ddd

df=k-1
qchisq(1-alpha,df)
1-pchisg(Bart,df)
el=(x1-mean(x1))74
e2=(x2-mean(x2))\4

e3=(x3-mean(x3))\d

eel=(x1-mean(x1))A2
ee2=(x2-mean(x2))A2
ee3=(x3-mean(x3))"2

e=sum(el,e2,e3)

ee=sum(eel,ee2,ee3)

fl=N*e

f2=(ee)r2

f=f1/f2

ff=2/(f-1)
MBart=ff*Bart
df=k-1
qchisg(1-alpha,df)
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1-pchisg(MBart,df)
BA=ff*ab

df=(k-1)
qchisq(1-alpha,df)
1-pchisq(BA,df)
s1=(x1-median(x1))"2
s2=(x2-median(x2))A2
s3=(x3-median(x3))"2
ssl=sum(s1)
ss2=sum(s2)
ss3=sum(s3)
sss1=ss1/(n1-1)
sss2=s552/(n2-1)
$s53=553/(n3-1)
alz=nl-1

a2z=n2-1

a3z=n3-1
aalz=alz*sssl
aa2z=a2z*sss2
aa3z=a3z*sss3
aaz=sum(aalz,aa2z,aa3z)
aaaz=aaz/(N-k)
az=(N-k)*log(aaaz)
b1z=alz*log(sss1)
b2z=a2z*log(sss2)
b3z=a3z*og(sss3)
bz=sum(b1z,b2z,b32)
abz=az-bz

clz=1/alz

c2z=1/a2z

c3z=1/a3z
cz=sum(c1z,c2z,c3z)

ccz=1/(N-K)
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cccz=cz-ccz

dz=3*k-1)

ddz=cccz/dz
dddz=1+ddz
BartM=abz/dddz

df=k-1

qchisg(1-alpha,df)
1-pchisq(BartM,df)
elz=(x1-mean(x1)) 4
e2z=(x2-mean(x2))\4
e3z=(x3-mean(x3))A\4
eelz=(x1-mean(x1))A2
ee2z=(x2-mean(x2))\2
ee3z=(x3-mean(x3))"2
ez=sum(elz,e2z,e3z)
eez=sum(eelz,ee2z,ee3z)
flz=N*ez

f2z=(eez))\2

fz=f1z/f2z

ffz=2/(fz-1)
MBartM=ffz*BartM

df=k-1

qchisg(1-alpha,df)
1-pchisg(MBartM,df)
MBA=ffz*abz

df=(k-1)

qchisqg(1-alpha,df)
1-pchisq(MBA,df)
p.BA[p]=1-pchisq(BA,df)
ifip.BA[pl<alpha){temp.BAlp]=1}
p.MBA[p]=1-pchisq(MBA,df)
iflp.MBA[pl<alpha){temp.MBA[p]=1}
cat(c("loop : ",p)fill=T)
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}
cat('\t',mean(temp.BA),\t',;mean(temp.MBA))

e —————— e e}

R-code of Box-Andersen test and Modified Box-Andersen test under gamma

distribution as follows:
set.seed(55)

m=1000

mul=8

mu2=8

mu3=8

k=3

varl=8

var2=8

var3=8

Bl=varl/mul
B2=var2/mu2
B3=var3/mu3
Al=(mulA2)/varl
A2=(mu2/2)/var2
A3=(mu3A2)/var3
n1=10;n2=10;n3=10
N=n1+n2+n3
alpha=0.05
temp.BA=rep(0,m)
p.BA=()
temp.MBA=rep(0,m)
p.MBA=c()

for(p in 1:m)

{
x1=rgamma(n1,A1,1/B1)
x2=rgamma(n2,A2,1/B2)
x3=rgamma(n3,A3,1/B3)
x=c(x1,x2,x3)



gl=rep(1,n1)
g2=rep(2,n2)
g3=rep(3,n3)
g=c(g1,92,83)
df=data.frame(x,g)
al=nl-1

a2=n2-1

a3=n3-1
aal=al*var(x1)
aa2=a2*var(x2)
aa3=a3*var(x3)
aa=sumf(aal,aa2,aa3)
aaa=aa/(N-k)
a=(N-k)*log(aaa)
b1=a1*log(var(x1))
b2=a2*log(var(x2))
b3=a3*log(var(x3))
b=sum(b1,b2,b3)
ab=a-b

cl=1/al

c2=1/a2

c3=1/a3
c=sum(cl,c2,c3)
cc=1/(N-k)
cce=c-cC
d=3%k-1)
dd=ccc/d
ddd=1+dd
Bart=ab/ddd
df=k-1
qgchisg(1-alpha,df)
1-pchisq(Bart,df)

el=(x1-mean(x1)) 4
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e2=(x2-mean(x2))\
e3=(x3-mean(x3))\4
eel=(x1-mean(x1))"2
ee2=(x2-mean(x2))A2
ee3=(x3-mean(x3))"2
e=sum(el,e2,e3)
ee=sum(eel,ee2,ee3)
f1=N*e

f2=(ee)N2

f=f1/f2

ff=2/(f-1)
MBart=ff*Bart

df=k-1
qchisg(1-alpha,df)
1-pchisq(MBart,df)
BA=ff*ab

df=(k-1)
qchisg(1-alpha,df)
1-pchisq(BA,df)
s1=(x1-median(x1))A2
s2=(x2-median(x2))2
$3=(x3-median(x3))A2
ss1=sum(s1)
ss2=sum(s2)
ss3=sum(s3)
sss1=ss1/(n1-1)
sss2=552/(n2-1)
sss3=s53/(n3-1)
alz=nl-1

a2z=n2-1

a3z=n3-1
aalz=alz*sssl

da2z=a2z*sss2
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aa3z=a3z*sss3
aaz=sum(aalz,aa2z,aa3z)
aaaz=aaz/(N-k)
az=(N-k)*log(aaaz)
blz=alz*log(sss1)
b2z=a2z*log(sss2)
b3z=a3z*log(sss3)
bz=sum(b1z,b2z,b32)
abz=az-bz

clz=1/alz

c2z=1/a2z

c3z=1/a3z
cz=sum(clz,c2z,c3z2)
ccz=1/(N-k)
cccz=cz-ccz
dz=3*k-1)
ddz=cccz/dz
dddz=1+ddz
BartM=abz/dddz
df=k-1
gchisqg(1-alpha,df)
1-pchisg(BartM,df)
elz=(x1-mean(x1))\4
e2z=(x2-mean(x2))\4
e3z=(x3-mean(x3))\d
eelz=(x1-mean(x1))A2
ee2z=(x2-mean(x2))"2
ee3z=(x3-mean(x3))A2
ez=sum(elz,e2z,e3z)
eez=sum(eelz,ee2z,ee3z)
flz=N*ez

f2z=(eez)A2
fz=f1z/f2z
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ffz=2/(fz-1) .
MBartM=ffz*BartM

df=k-1

qchisg(1-alpha,df)

1-pchisg(MBartM,df)

MBA=ffz*abz

df=(k-1)

qchisg(1-alpha,df)

1-pchisq(MBA,df)

p.BA[p]=1-pchisg(BA,df)
if(p.BA[p]<alpha){temp.BAlp]=1}
p.MBA[p]=1-pchisq(MBA,df)
if(p.MBA[pl<alpha){temp.MBA[p]=1}
cat(c("loop : ",p)fill=T)

}
cat(\t',mean(temp.BA),\t',mean(temp.MBA))

—_— T ]

The R program command for plot the probability of type | error graph and power of

a test graph under significance levels (0.01 and 0.05).

These R program command can change by variables consists of the probability of
type | error according to the results in this study. Every distribution can use similar
R-code.

R-code of the probability of type | error graph under equal sample size at significance
level (0.01) for normal distribution.

set.seed(55)

c=rep(0.015,3)

d=rep(0.005,3)

L=c(0.013,0.011,0.006)

0B=c(0.007,0.009,0.010)

J=c(0.009,0.015,0.010)

BA=c(0.010,0.010,0.009)

BF=c(0.007,0.008,0.004)

MOB=c(0.011,0.011,0.010)
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MJ=c(0.014,0.018,0.011)

MBA=c(0.012,0.011,0.006)
y=c((10,10,10),(30,30,30),'(60,60,60)"

x=seq(1,3)

plot(x,L,type="b",col="blue" xaxt="n"ylim=c(0.000,0.025),\wd= 1,main="Equal”,xlab="(n
1,n2,n3)" ylab="Probability of type | error,pch=8,lty=1)
lines(x,0B,type="b",col="limegreen",pch=15,lty=1)
lines(x,J,type="b",col="magenta",pch=17 lty=1)
lines(x,BA,type="b",col="darkviolet",pch=16,lty=1)
lines(x,BF,type="b",col="gold",pch=8,\ty=3)
lines(x,MOB,type="b",col="cyan",pch=15,lty=3)
lines(x,MJ,type="b",col="red",pch=17,lty=3)
lines(x,MBA,type="b",col="darkorange",pch=16, ty=3)
lines(x,c,type=""lty=2)

lines(x,d,type=""lty=2)

axis(1,at=1:3,labels=y)
labels=c("L","OB",")","BA","BF","MOB","MJ","MBA")

colors=c("blue”,"limegreen”,"magenta","darkviolet","gold","cyan", red","darkorange")
pchh=c(8,15,17,16,8,15,17,16)

ltys=c(1,1,1,1,3,3,3,3)
legend("topright",inset=0.05,labels,lwd=1,lty=ltys,col=colors,pch=pchh,bty="n",ncol=1

,cex=0.8)

ey g4 A —

R-code of the probability of type | error graph under unequal sample size at

significance level (0.01) for normal distribution.
set.seed(55)

c=rep(0.005,3)

d=rep(0.015,3)

L=c(0.011,0.007,0.010)

0OB=c(0.007,0.008,0.008)

J=c(0.018,0.012,0.012)

BA=c(0.014,0.010,0.011)
BF=c(0.003,0.001,0.008)
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MOB=¢(0.021,0.009,0.009)

MJ=c(0.025,0.016,0.012)

MBA=c(0.016,0.009,0.012)

y=c('(5,10,15),(20,30,40)','(45,60,75))

x=seq(1,3)

plot(x,L,type="b",col="blue" xaxt="n",ylim=c(0.000,0.025),lwd=1,main="Unequal’ xlab="
(n1,n2,n3)",ylab="Probability of type | error’,pch=8,lty=1)
lines(x,0B,type="b",col="limegreen",pch=15,lty=1)
lines(x,J,type="b",col="magenta",pch=17,lty=1)

lines(x,BA, type="b",col="darkviolet",pch=16,lty=1)

lines(x,BF type="b",col="gold",pch=8,lty=3)
lines(x,MOB,type="b",col="cyan",pch=15,lty=3)

lines(x,MJ,type="b",col="red",pch=17 lty=3)
lines(x,MBA,type="b",col="darkorange",pch=16,\ty=3)

lines(x,c,type="",lty=2)

lines(x,d,type="U",lty=2)

axis(1,at=1:3,labels=y)

labels=c("L","OB","J","BA","BF","MOB","MJ","MBA")
colors=c("blue”,"limegreen","magenta","darkviolet","gold","cyan","red","darkorange”)
pchh=c(8,15,17,16,8,15,17,16)

ltys=c(1,1,1,1,3,3,3,3)

legend("topright”,inset=0.05,labels,lwd= 1,lty=ltys,col=colors,pch=pchh,bty="n",ncol=1

,cex=0.8)
P e e

R-code of the probability of type | error graph under equal sample size at significance

level (0.05) for normal distribution.
set.seed(55)

c=rep(0.075,3)

d=rep(0.025,3)
L=c(0.067,0.056,0.050)
OB=c(0.039,0.050,0.047)
J=c(0.046,0.052,0.052)
BA=c(0.063,0.056,0.050)
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BF=c(0.040,0.041,0.047)

MOB=c(0.052,0.057,0.052)

MJ=c(0.059,0.058,0.054)

MBA=c(0.067,0.059,0.052)

y=c((10,10,10)',(30,30,30)',(60,60,60))

x=seq(1,3)

plot(x,L,type="b",col="blue" xaxt="n",ylim=c(0.02,0.1 1),lwd=1,main="Equal",xlab="(n1,n
2,n3)",ylab="Probability of type | error*,pch=8,lty=1)
lines(x,0B,type="b",col="limegreen",pch=15,lty=1)
lines(x,J,type="b",col="magenta",pch=17,lty=1)
lines(x,BA,type="b",col="darkviolet",pch=16,lty=1)
lines(x,BF,type="b",col="gold",pch=8,ty=3)
lines(x,MOB,type="b",col="cyan",pch=15,lty=3)
lines(x,MJ,type="b",col="red",pch=17,lty=3)
lines(x,MBA,type="b",col="darkorange",pch=16,\ty=3)

lines(x,c,type=""lty=2)

lines(x,d,type="",lty=2)

axis(1,at=1:3,labels=y)

labels=c("L","OB","J","BA","BF","MOB","MJ","MBA")
colors=c("blue”,"limegreen","magenta","darkviolet","gold","cyan","red","darkorange”)
pchh=c(8,15,17,16,8,15,17,16)

ltys=c(1,1,1,1,3,3,3,3)
legend("topright",inset=0.02,labels,lwd=1,lty=Itys,col=colors,pch=pchh,bty="n",ncol=1

,cex=0.8)
M

R-code of the probability of type | error graph under unequal sample size at

significance level (0.05) for normal distribution.
set.seed(55)

c=rep(0.075,3)

d=rep(0.025,3)

L=c(0.067,0.055,0.050)

OB=c(0.036,0.044,0.044)

J=c(0.058,0.052,0.051)
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BA=c(0.073,0.053,0.050)

BF=c(0.028,0.040,0.045)

MOB=c(0.075,0.052,0.050)

MJ=c(0.075,0.055,0.053)

MBA=c(0.078,0.054,0.044)

y=c((5,10,15)',(20,30,40)',(45,60,75))

x=seq(1,3)

plot(x,L,type="b",col="blue" xaxt="n"ylim=c(0.02,0.11),lwd= 1,main="Unequal" xlab="(n
1,n2,n3)" ylab="Probability of type | error",pch=8,\ty=1)
lines(x,0B,type="b",col="limegreen",pch=15,lty=1)
lines(x,J,type="b",col="magenta",pch=17,lty=1)

lines(x,BA type="b",col="darkviolet",pch=16,lty=1)

lines(x,BF type="b",col="gold",pch=8,lty=3)
lines(x,MOB,type="b",col="cyan",pch=15,\ty=3)

lines(x,MJ, type="b",col="red",pch=17 lty=3)
lines(x,MBA,type="b",col="darkorange",pch=16,lty=3)

lines(x,c,type="",lty=2)

lines(x,d,type="1",lty=2)

axis(1,at=1:3,labels=y)

labels=c("L","OB","J","BA","BF","MOB","MJ","MBA")
colors=c("blue”,"limegreen","magenta”,"darkviolet","gold","cyan","red","darkorange”)
pchh=c(8,15,17,16,8,15,17,16)

ltys=c(1,1,1,1,3,3,3,3)
legend("topright",inset=0.02,labels,lwd=1,lty=|tys,col=colors,pch=pchh,bty="n",ncol=1
,cex=0.8)

P e e ]

These R program command can change by variables consists of alpha and power of a

test according to the results in this study. Every distribution can use similar R-code.
R-code of the graph of power under condition consists of equal sample size,
significance level (0.01), and normal distribution.

set.seed(55)

par(mfrow=c(1,3))

L=c(0.154,0.309,0.528)



OB=c(0.055,0.098,0.139)

J=c(0.146,0.402,0.724)

BA=c(0.113,0.327,0.605)

BF=c(0.071,0.158,0.325)

MOB=c(0.083,0.133,0.186)

MJ=c(0.170,0.454,0.762)

MBA=c(0.122,0.326,0.612)

y=c('1.25'2.87'6.13")

x=seq(1,3)

plot(x,L,type="b",col="blue" xaxt="n"ylim=c(0,1),lwd=1,main="Small sample size
(10,10,10)",xlab="Non-centrality parameter",ylab="Power",pch=8,ty=1)
lines(x,0B,type="b",col="limegreen",pch=15,lty=1)
lines(x,J,type="b",col="magenta",pch=17,lty=1)
lines(x,BA,type="b",col="darkviolet",pch=16,lty=1)
lines(x,BF type="b",col="gold",pch=8,|ty=3)
lines(x,MOB,type="b",col="cyan",pch=15,lty=3)
lines(x,MJ,type="b",col="red",pch=17,lty=3)
lines(x,MBA,type="b",col="darkorange",pch=16,ty=3)
axis(1,at=1:3,labels=y)
labels=c("L","OB","J","BA","BF","MOB","MJ","MBA")
colors=c("blue","limegreen","magenta","darkviolet","gold",
pchh=c(8,15,17,16,8,15,17,16)

ltys=c(1,1,1,1,3,3,3,3)

cyan","red","darkorange")
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legend("topleft",inset=0.05,labels,\wd=1,lty=ltys,col=colors,pch=pchh,bty="n"ncol=1,

cex=1)
L=c(0.637,0.968,0.999)
OB=c(0.558,0.859,0.956)
J=c(0.715,0.987,1)
BA=c(0.645,0.970,0.999)
BF=c(0.578,0.942,0.998)
MOB=c(0.577,0.879,0.963)
MJ="n"
MBA=c(0.643,0.973,0.999)
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y=c('1.25',2.87'/6.13)

x=seq(1,3)

plot(x,L,type="b",col="blue" xaxt="n"ylim=c(0,1),lwd=1,main="Medium sample size
(30,30,30)" xlab="Non-centrality parameter",ylab="Power",pch=8,lty=1)
lines(x,0B,type="b",col="limegreen",pch=15,lty=1)
lines(x,J,type="b",col="magenta",pch=17,lty=1)
lines(x,BA,type="b",col="darkviolet",pch=16,lty=1)

lines(x,BF type="b",col="gold",pch=8,ty=3)
lines(x,MOB,type="b",col="cyan",pch=15,lty=3)
lines(x,MBA,type="b“,col=“darkorange",pch=16;lty=3)

axis(1,at=1:3,\abels=y)

labels=c("L","OB","J","BA","BF","MOB","MBA")
colors=c("blue","[imegreen",“magenta",“darkviolet“,“gold",“cyan","darkorange")
pchh=c(8,15,17,16,8,15,16)

ltys=c(1,1,1,1,3,3,3)

legend("bottomright”,inset=0.05,labels,lwd= 1,lty=ltys,col=colors,pch=pchh,bty="n",nc
ol=1,cex=1)

L=c(0.967,1,1)

0B=c(0.970,0.999,1)

J=c(0.987,1,1)

BA=c(0.975,1,1)

BF="n"

MOB=c(0.971,0.999,1)

MJ=c(0.987,1,1)

MBA=c(0.975,1,1)

y=c('1.25''2.87'/6.13")

x=seq(1,3)

plot(x,L,type="b",col="blue" xaxt="n"ylim=c(0,1),lwd=1,main="Large sample size
(60,60,60)" xlab="Non-centrality parameter",ylab="Power",pch=8,lty=1)
lines(x,0B,type="b",col="limegreen",pch=15,lty= 1)
lines(x,J,type="b",col="magenta",pch=17,lty=1)
lines(x,BA,type="b",col="darkviolet",pch=16,lty=1)
lines(x,MOB,type="b",col="cyan",pch=15,lty=3)
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lines(x,MJ,type="b",col="red",pch=17,lty=3)
lines(x,MBA,type="b",col="darkorange",pch=16,ty=3)

axis(1,at=1:3,labels=y)

labels=c("L","OB","J","BA","MOB","M.","MBA")
colors=c("blue","limegreen","magenta","darkviolet“,"cyan","red","darkorange“)
pchh=c(8,15,17,16,15,17,16)

ttys=c(1,1,1,1,3,3,3)

legend("bottomright“,inset=O.QS,labels,lwd= 1,lty=ltys,col=colors,pch=pchh,bty="n",nc

ol=1,cex=1)
e e e —————
R-code of the graph of power under condition consists of unequal sample size,

significance level (0.01), and normal distribution.
set.seed(55)

par(mfrow=c(1,3))

L=c(0.058,0.098,0.164)

OB=c(0.008,0.011,0.013)

J="n"

BA=c(0.081,0.181,0.357)

BF="n"

MOB="n"

MJ="n"

MBA="n"

y=c('1.25','2.87','6.13")

x=seq(1,3)

plot(x,L,type="b",col="blue" xaxt="n",ylim=c(0,1),lwd=1,main="Small sample size
(5,10,15)" xlab="Non-centrality parameter"ylab="Power",pch=8,lty=1)
lines(x,0B,type="b",col="limegreen",pch=15,lty=1)
lines(x,BA,type="b",col="darkviolet" pch=16,lty=1)
axis(1,at=1:3,labels=y)

tabels=c("L","OB","BA")
colors=c("blue","limegreen","darkviolet")
pchh=c(8,15,16)

ltys=c(1,1,1)
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legend("topleft”,inset=0.05,labels,lwd=1,lty=ltys,col=colors,pch=pchh,bty="n"ncol=1,
cex=1)

L=c(0.542,0.902,0.993)

0B=c(0.389,0.607,0.759)

J=c(0.649,0.970,0.999)

BA=c(0.572,0.948,0.997)

BF="n"

MOB=c(0.394,0.629,0.779)

MJ="n"

MBA=c(0.563,0.944,0.997)

y=c('1.25'/2.87"/6.13")

x=seq(1,3)

plot(x,L,type="b",col="blue" xaxt="n",ylim=c(0,1),lwd=1,main="Medium sample size
(20,30,40)",xlab="Non-centrality parameter”,ylab="Power",pch=8,lty=1)
lines(x,0B,type="b",col="limegreen",pch=15,lty=1)
lines(x,J,type="b",col="magenta",pch=17,lty=1)
lines(x,BA,type="b",col="darkviolet",pch=16,lty=1)
lines(x,MOB,type="b",col="cyan",pch=15,lty=3)
lines(x,MBA,type="b",col="darkorange",pch=16,lty=3)
axis(1,at=1:3,labels=y)

labels=c("L","OB","J","BA","MOB","MBA")
colors=c("blue","limegreen","magenta","darkviolet","cyan","darkorange”)
pchh=c(8,15,17,16,15,16)

ltys=c(1,1,1,1,3,3)
legend("bottomright”,inset=0.05,labels,lwd=1,lty=Itys,col=colors,pch=pchh,bty="n",nc
ol=1,cex=1)

L=c(0.954,1,1)

0B=c(0.944,0.997,1)

J=c(0.982,1,1)

BA=c(0.971,1,1)

BF=c(0.951,1,1)

MOB=c(0.945,0.997,1)

MJ=c(0.982,1,1)
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MBA=c(0.965,1,1)

y=c('1.25','2.87'6.13)

x=seq(1,3)

plot(x,L,type="b",col="blue" xaxt="n"ylim=c(0,1),lwd=1,main="Large sample size
(45,60,75)" xlab="Non-centrality parameter",ylab="Power",pch=8,\ty=1)
lines(x,0B,type="b",col="limegreen",pch=15,lty=1)
lines(x,J,type="b",col="magenta",pch=17 ty=1)
lines(x,BA,type="b",col="darkviolet",pch=16,lty=1)

lines(x,BF type="b",col="gold",pch=8,|ty=3)
lines(x,MOB,type="b",col="cyan",pch=15,lty=3)
lines(x,MJ,type="b",col="red",pch=17,lty=3)
lines(x,MBA,type="b",col="darkorange",pch=16,lty=3)
axis(1,at=1:3,labels=y)

labels=c("L","OB","J)","BA","BF","MOB","MJ","MBA")

colors=c("blue”,"limegreen”,"magenta","darkviolet”,"gold","cyan","red","darkorange")
pchh=c(8,15,17,16,8,15,17,16)

ltys=c(1,1,1,1,3,3,3,3)
legend("bottomright”,inset=0.05,labels,\wd=1,lty=[tys,col=colors,pch=pchh,bty="n",nc

ol=1,cex=1)




179

Author Biography

Author: Miss Kotchaporn Soikliew

Degree: Master of Science

Date of Birth: Monday 5", March 1990

Place of Birth: 188/244 Bang Phli Yai, Bang phli, Samut Pakan 10540

Undergraduate and Graduate Education:

Master of Science in Applied Statistics, King Mongkut’s Institute
of Technology Ladkrabang, Bangkok, 2017

Bachelor of Science in Biology, Mahidol University, 2011
Presentations and Publications:

Soikliew K. and Araveeporn A. “Efficiency Comparison of
Homogeneity of Variance Tests for three populations under
Modified Central tendency in cases of symmetric distributions”,
Journal of Science and Technology, Thammasat University,

Thailand, vol 6, 2017.





