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Abstract: A simulation study was conducted to construct confidence inferval of test power of three commonly recommended
analysis of variance (ANOVA) F test alternatives (Welch test, James second-order test, and Alexander and Govern test) for testing
mean differences under non-normality and variance heterogeneity. At the end of 50,000 simulation trials, it was seen that as
variances heterogeneous, the test power was decreased and confidence intervals became larger. However, the confidence
intervals were narrower as the sample size and effect size (5) were increased. This case was obvious especially when sample
sizes were 50 and more and effect size was 1. When the sample size and effect size were srmall and medium (3=0.50 6=0.75), the
constructed of the confidence intervals were much more reliable and informative than given of only the lower or upper bounds of
the test power. On the other hand, when the sample sizes and effect sizes were large, there will be no serious probtem to give
either the tower or upper bound of the test power
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Welch, James-Second Order ve Alexander-Govern Testlerinde Testin Giicil
Igin Gliven Araligi: Simiilasyon Calismasi

Ozet: Bu galigmada, normallik ve varyanslarin homojenligi 6n sartlarinin saglanmadigi durumlarda varyans analizi teknigine

. alternatif olarak kullanitan g testin {Welch test, James second-order test, and Alexander and Govern test) glc degerleri igin

gaven araliklan olusturulmugtur. Yapilan 50,000 similasyon denemesi sonucunda varyanslarin homojeniigi &n sartinin yerine
gelmemesi durumunda testin glictnin disgtigu ve glven araliginin daha genigledigi gorilmigtir. Diger taraftan, drnek hacmi ve
ortalamalar aras: standardize edilmis farkin {5} artmasi durumunda giiven arali@ daralimaktadtr, Bu durum, drnek hacmi 50 ve
ortalamalar arasi fark 1 standart sapma iken daha belirgindir. Ornek hacminin kiiglik, ortalamalar arasr farkin ise kiigiik veya orta
diizeyde (5=0.50 5=0.75) olmas| durumunda testin glcii igin glven arali@inin olusturuimasi, sadece alt ya da Ost sinerinin
veriimesinden gok daha bilgilendirici olmaktadir. Diger taraftan, 5rnek hacmi ve ortalamalar arasi farkin biylk oldudu durumlarda

teslin glicl igin sadece alt ya da Gst sinirrnin verilmesinin pek bir sakinca teskil etmedigi gortlmiistir,

Anahtar Kelimeler: Testin giicl, giiven araligi, varyans analizi, varyanslarin homaojenligi

Introduction

Consider k independent groups with Myeen My @Nd
variancesaf,....cf. One of the more common goals in

applied research is testing Hy 1 py = ... = (1)

(Wilcox, 1997; Zar, 1999; Mendes, 2002). In testing
hypothesis (1) different tests (e.g. ANOVA F test, Welch test,
Brown-Forsythe test, James second-order test, Alexander-
Govern test, Trimmed mean, etc.) are used depend on
normality and homogeneity of variance assumptions. There
are several simulation studies for comparing ANOVA F and
its 'some parametric alternatives which are used in testing
hypothesis (1) with respect to test power (Welch, 1951;
James, 1951; Yuen, 1974; Brown and Forsythe, 1974; Levy,
1978, Tabatabia and Tan, 1986; Wilcox et al., 1986: Wilcox,
1988; Wilcox, 1994; Oshima and Algina, 1992a; Oshima and
Algina, 1992b; Oshima et al., 1994, Alexander and Govern,
1994; Hsuing and Olgjnik, 1996; Wilcox, 1997; Schneider
and Penfield, 1997; Keselman et al., 1998; Wei-ming, 1999;
Keselman et al, 2002; Mendes, 2002; Mendes and
Bagpinar, 2003; Mendes and Pala, 2004). But, many of
those studies were never considered lower and upper bound
of test power. However, test power changes depending on

sample size, variance ratio, Type | error rate (a), relationship
between sample size and variance ratio, effect size
{standardized mean difference, §), distribution shape,
relationship between effect size and variance ratio. Different
test powers are obtained even when the studies are done in
the same experimental conditions. Let's assume there are
three groups with normally distributed to be compared with

variance ratios 0‘12 :0’2 :cg =1:4:8 and sample sizes of
ns=nz=nz=15. Depending on the differences among the
population means, three different test power values may be
obtained. a) If the relationship among the means is
Hy My i Hg =0: 0: 1 the test powers obtainad by the Welch,
James second-order, and Alexander-Govern tests at the end
of 50,000 simulation trials were 18.18 %, 17.73 %, and
17.65 %, respectively. b} If the relationship among the
means is [, IH, Hs =1: 0: O the test powers obtained by
the Welch, James second-order, and Alexander-Govern
tests were 37.66 %, 36.83 %, and 38.07 % respectively. ¢) if
the relationship among the means is HyiMy Mg =0:1: 0 the

test powers obtained by the Welch, James second-order,
and Alexander-Govern tests were 28.42 %, 27.70 %, and
28.26 % respectively.
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The test power obtained in condition (a) is the lower
bound, while those obtained in condition (b) is the upper
bound for the test power. This was because; a fixed number.
as a standard deviation form was added to the group with
the highest variance for condition {2) and a fixed number .as
& standard deviation form was added to the group with the
lowest variance for condition {(b). On the other hand, the test
powers obtained in condition (¢) was' in the middle in terms
of test power. Those cases are valid for unbalanced sample
sizes combinations. Therefore,
intervals for test powers would be more informative and
provides extra information about the test power. Ferron and
Sentovich (2002) estimated statistical power for three
randomization tests using multiplie-baseline designs. They
stated that they used > 80 % as the sufficient power level for
comparing the tests. Since, there is a relationship between
Type | error and Type |l error can be defined as B=4a. If
Type | error rate {a) is assumed to be 0.05, power levals

equal to or bigger than 80 % is sufficient.

The major goal of this study is forming the confidence
interval for three commonly recommended parametric
alternatives to ANOVA (Welch, James-Second Order and
Alexander-Govern tests) when homogeneity of variznce and
normality assumptions is not met. For this aim, random
samples from normal (p, o? ), Chi-square with 3 degrees of
freedom, and Beta (3, 4) distributions were generated by
Monte Carlo simulation technique. These particular types of
non-normal distributions were selected since educational,
medical, and psychological research data typically have
skewed distributions, and those distributions are
predominantly used in literature to study deviations from
normality (Yuen, 1974; Rogan and Keselman, 1977; Levy,
1978;. Tiku and Balakrishnan, 1984; Tabatabia and Tan,
1986; Boos and Brownie, 1989; Sharma, 1991; Sawilowsky
and Blair, 1892; Oshima and Algina, 1992a; Alexander and
Govern, 1994; Wilcox, 1994; Wiludyka and Nelson, 1999;
Keselman, et al. 1998; Mendes, 2002; Keselman et al.,
2002; Mendes and Basgpinar, 2003; Mendes and Pala,
2004).

1.1. Definition of Statistical Tests
1.1.1. Welch Test

The test statistic for Welch test is
=W (X, - X Y AK -1

W= (2)
2
[l+—(K—2)A:|
3
: n LW Xk
Where, W, =—% land x =2 and
g’ W
K Kok
3(-W ITW g - 1)
A=t L (3)

K* -1

constructing confidence, .
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W statistic is approximately distributed as a central F
variable with {K-1) and 1/ A degrees of freedom (Welch,
1951, Lix et al., 1996; Mendes, 2002).

1.1.3. James Second-Order Test

The test statistic for James second order test is
4)

When Hyis true, J is distributed asymptotically Chi-square

with K-1 degrees of freedom. James second-order test is
applied as foilows. Let ¢ be the 1-a quantile of a chi-square
distribution with K-1 degrees of freedom, and let

t

K - - 5
J= kz W, (X - X.)°
=]

vk‘=(nk—l)'R51: » and

5
c

$as = [0 = 1)< + 1)K + 25 - 3)

] . The critical value of J

statistic is;
2
YT
Ma)=c+ 1203, +33) 2 | 1-— ==V
Pt) T B et R
2 j w Y
HI6Gy, +7) 0= G-3ye) 2 - M,

j=1

2
+1203, + 7, NBR 3 ~10R 5 +4R ;) —6Rj;
+8R )Ry — 4R )+ @Ry3 —4R 5y + 2Ry,
2 2
- 2R}5 H4R Ry - 2R )y ~ 1)
LA4(=R 7y + 4R sR ) = 2R, 4R (1 = 4RZ
TUA=R 4R 5Ry | - 2R R g ~ 4R +4R Ry
2
—RigIBxy — 2 — 1) +(Rp3 —3Rgy +3Ry  —Ryp)
(Srg +2%g4 +%2)
+I/16(Ry ~4R 3 + Ry — 4R + R z0)
(35%g +15xq + My + 513}

2
+lf|6(—2R22+4R21—R20+2R12R]0—4[1]1R10+R]0)
. 2
(9x8~3x6~314—12)+]/4(—R22 +Ri))

QMg +3g +14 + A7)

+1/4(Ry3 —RyoR 1 )(45xg + g + Ty + 325

Where, W=3 W, .
The null hypothesis is rejected if J > h (@ ) (James, 1951).
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1.1.4. Alexander-Govern Test

K
The test statistic for this testis AG = £ 72
=

(5)

—

Where

@ 130 (de’ +33¢7 + 29007 +855)

b

Z,=c+

(10b” +8be™ +1000b)

b= 48a”,

cand v =n, —1.

AG stiatistic is approximately distributed as a Chi-square
distribution with (K-1) degrees of freedom (Alexander and
Govern, 1994; Schneider and Penfield, 1997).

2. Material and Methods

To compare Welch (W), James-second order (J) and
Alexander-Govern (AG} test, we generated Monte Carlo
studies by computer simulation for three different
distributions using Fortran Power Station Developer IMSL

{Anonymous, 1994). The distributions were nermal {, o2 )

Chi-square distribution with 3 degrees of freedem, and Beta
(3, 4) distributions. For each given set of parameter values,
samples from these distributions were generated using the
subroutines RNNCA, RNCHI, and RNBET available with the
IMSL library functions. The parameter values were taken for
k=3 group. In this study we considered both equal sample
sizes (5, 15, 30, 50, 75) and unequal sample sizes {{5, 10,
15) and (10, 15, 28)). \Variance ratios were
Uf :03 :cg =1:2:3 and 1:4:8. We computed Welch test (W)
value and counted the frequency satisfying W > F (k-1, 1/ A)
degrees of freedom for a=0.05. For James second-order test
we computed J and counted the frequency satisfying J > h
{ ) for a=0.05, and for Alexander-Govern test we computed
AG statistic and counted the frequency satisfying AG > X
(K-1) degrees of freedom for a=0.05. For each test, we
checked to see if the hypothesis, which is false, was rejected
at 0=0.05. The experiment was repeated 50,000 times and
the proportion of observations falling in the critical regions
was recorded for different 3, n, variance pattern and
distributions. This proportion estimation is the test power if
the means from the populations do differ.

Populations mentioned have been standardized as they
have different means and variances. Thus, not having
changed the shape of distributions handled it was provided
that their means were 0 and their standard deviaiions were
1. To form heterogeneity among population variances,
standardized random numbers in the samples were
multiplied by specific constant numbers

(o =1, \[E\G \/Z.Jg ). To create a difference between the

population means, specific constant numbers in standard
deviation form {6=0.50, 0.75, 1.0) were added to the random
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numbers of the populations. The effect sizes {standardized
mean difference) of 0.8 and more standard deviation
approximate those suggested by Cohen (1969, 1988) to
represent large effect sizes. In this study, we used 1.0
standard deviation to represent large effect size. 80 % was
assumed to be the sufficient power level in this study.

Lower and upper bounds of test power was estimated
as follows;

For k=3 and variance ratios of 012 :03 : Ug =1:2:3 (1:4:8),
the upper bound of test
HyiHp 1My ={4+08):0:0 and the lower bound of test

power was estimated as

power was estimated as 1, <y g =0:0: (4, +3).

We wrote 2 FORTRAN 90 program for the Intel Pentium Il
processer to compute all the tests.

Table 1. The characteristics of the distributions

Distributions | Mean | Variance | Skewness Kurtosis

Normal {0,1) 0.00 1.00 0.00 0.00
¥ (3) 3.00 6.00 1.63 4.00
B{3.4) 0.43 0.03 0.18 -0.55

Normal {0,1); Normal distribution, % (3): chi-square distribution with
3d.f., 3 (3, 4): Beta distribution (3, 4).

3. Results and Discussion i

Given in Table 2-7 are the lower and upper bounds of
test power for Welch test (W), James second-order test (J),
and Alexander-Govern (AG) test under different sample
sizes, variance patterns, distributions and population mean
difference.

When population distributions were normal and variance
ratio was 012 :cg :03 =1:2:3, the confidence intervals of the

all tests were similar (Table 2). As sample sizes and effect
sizes were increased, the confidence interval was narrowed.
This case was ohvious especially when sample sizes were
50 and more and effect size was 1. Thus, when n 250 and
o=1 the lower and upper bound of these test power were
getting closer each other. On the other hand, when $=0.75
{medium effect size) and sample sizes were between 5 and
30, the confidence interval constructed were larger than
when 6=0.5.

Under same experimental conditions when variance
. 2, 2, 2
ratic was o;:0,:0,=114:8, both test power was

decreased and confidence interval was larger with respect to
all tests (Table 3). This condition was valid even when 6=1
and sample sizes of 75. For example, when variance ratio
was 1: 2: 3, 5=1 and n=75, the lower and upper bound of the
test power of (W), (J), and (AG) test were 98.54-89.98 %,
98.54-99.98 % and 98.51-99.98 %, respectively. However,
under same conditions when variance ratio was 1: 4: 8, the
lower and upper bound of test power of those tests were
73.11-98.50 %, 73.10-98.50 % and 72.89-9851 Y%,
respectively.
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it can be said that the lower and upper test power of the
all tests were affected by Chi-square (3) distribution (Table 4
and Table 5). However, confidence interval with Chi-square
(3) distribution has similarities to those obtained with normal
distribution. This similarity was pronounced especially when
sample size and effect size increased. When variance ratio

was 1: 4. 8, the difference between lower and upp&r bound -

of test power of these tests was larger. That is, when
variances were getting more heterogeneous, the confidence
intervals were larger. When the populations were Beta (3,
4}, the confidence interval consiructed was very similar to
results from normal-populations (Table 6 and-Table 7). This
case was valid both variance ratios (1: 2: 3 and 1: 4: 8).

When Table 2-7 were evaluated altogether, we reached
the following results:
a) As variances heterogeneous the iest power was
decreased and confidence intervals were larger, However,
the confidence intervals were narrower as the sample size
and effect size were increased. Thus, when the sample size
and effect size were small and medium (5=0.50 8=0.75), the
constructed confidence intervals were much more reliable
and informative than given of only the lower or upper bounds
of the test power. On the other hand, when the sample sizes
and effect sizes were large, that was not cause serious

Simulation Results

Table 2. The lower and upper bounds of test power for Welch,
James-second order and Alexander-Govern tests when distributions
were normal and variance ratios 1:2:3

Alexander-
Govern

L U

6.48| 7.54
12.05] 17.91
21.87| 33.98
34.41| 55.11
49.78| 74.06
13.066| 14.05
17.81| 19.08
8.40( 11.15
22.46| 36.11
44.03) 67.50
68.00; 89.29
85.95| 98.05
21.67] 23,71
34.17| 36.81
11.69| 17.03
36.98( 59.32
69.48| 80.75
91.02| 99.22
98.51| 99.98
34.50] 36.73
55.43] 58.64

James 2™-
order

Variance ratio:
1:.2:3
N1:N2:N3

5:5:5
15:15:15
30:30:30
50:50:50
75:75:75
5:10:15
10:15:25
5:5:5
15:15:15
30:30:30
50:50:50
75:75:75
5:10:15
10:15:25
5:5.5
15:15:15
30:30:30
50:50:50
75:75:75
5:10:15
10:15:25

Welch

L
6.68
12.43
22.24
34.67
50.04
9.99
15.27
8.90
23.09
44.64
68.35
86.13
16.88
30.20
12.36
38.07
70.08
91.18
98.54
28.40
51.04

U

7.65
17.96
33.92
54.98
74.02
10.88
16.70
11.25
35.96
67.37
89.23
98.05
18.58
33.00
17.06
59.00
90.69
99.21
99.98
30.05
54.24

L
5.87
12.22
22.18
34.65
50.03
9.10
15.01
7.83
22.76
44.55
68.33
86.11
15.51
29.83
11.07
37.68
70.00
91.16
98.54
26.66
50.53

u

6.67
i7.68
33.84
54.94
74.01
10.05
16.44

9.81
35.55
67.25
89.22
88.04
17.33
32.60
15.05
58.60
90.62
99.21
99.98
28.49
53.82

&

0.50

0.76

1.0
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problem to give either the lower or upper bound of the test
power. Because, these two bounds were close each others.
b) Test power and shape of the confidence interval were
changed depending on distribution shape.

c) It was seen that the three alternative tests showed very
similar test powers in many instances. Powers of these tests
were very similar. In contrast to ANOVA F test, the other
tests were affected adversely by the distribution. While none
of these tests are superior in all situations, Welch and
Alexander-Govern test should be preferred over the others
(ANOVA results were not given).

As expected, when heterogeneity of variances of the
underlying populations increased, the power of test for all
tests increased with increases in sample size and population
mean differences {3) regardless of the population
distribution. The probability of test power decreased as
heterogeneity of variances increased. The effect of
heterogeneity and non-normality on test power obviously
increased as sample size and & decreased. The results are
consistent with those of Welch, Brown-Forsythe, Wilcox and
Alexander-Govern’s. The findings also are consistent with
those of Oshima et al. {1994), Mehrota {1997), Mendesg
(2002), Mendes and Bagpinar (2003).

Table 3. The lower and upper bounds of test power for Welch,
James-second order and Alexander-Govern tests when distributions
were normal and variance ratios 1:4:8.

Alexander-
Govern
L 9]
579 6.28
7.73] 12.31
11.55) 21.91
16.50| 3460
23.16] 50.31
8.57] 10.51
12.49) 16.04
6.52] 8.85
11.65| 2297
20.80| 45.16
32.63| 68.34
47.22| 86.32
11.73| 16.49
17.19] 25.12
7.84| 12.48
17.65| 38.07
33.39] 70.29
54.13| 91.48
72.89| 98.51
17.40[ 2533
26.78| 40.94

James 2™-
order

Variance ratio:
1:4:8
N:N2:M3
5:5:5
15:15:15
30:30:30
50:50:50
75:75:75
5:10:15
10:15:25
5:5:5
15:15:15
30:30:30
50:50:50
75:75:75
5:10:15
10:15:25
5:5:5
15:15:15
30:30:30
50:50:50
75:75:75
5:10:15
10:15:25

Welch

L
8.04
7.895
11.71
16.62
23.27
714
8.41
6.82
12.05
20.95
32.95
47.49
9.91
15.62
8.21
18.18
33.91
54.51
73.11
14.98
24.89

U
6.50
12.32
21.77
34.42
50.17
8.95
10.46
8.96
22.78
44.90
68.13
86.20
14.47
23.31
1242
37.66
69.92
91.36
98.50
21.64
38.32

L
5.05
7.65
11.64
16.57
23.24
6.40
7.57
573
11.60
20.79
32.88
47.46
8.93
16.22
7.07
17.73
33.68
54.44
73.10
13.59
24.40

U
540
11.90
21.58
34.35
50.14
8.00
8.91
7.50
22.21
44.69
68.05
86.19
13.08
22.88
10.50
36.83
69.72
91.33
98.50
20.00
37.75

§

0.50

0.75

1.0
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Table 4. The lower and upper bounds of test power for Welch, Table 5. The lower and upper bounds of test power for Weich,

James-second order and Alexander-Govern tests when James-second order and Alexander-Govern tests - when
distributions were xz (3) and variance ratios 1:2:3. distributions were ¥ {3) and variance ratios 1:4:8.
Variance ratio: James 2™- Alexander- Variance ratio: James 2™- Alexander-
1:2:3 Welch order Govern 1:4:8 Welch order Govern
3 ,:N2IN3 L U L U L U 5 N1:N2:N L U L U L U
5:5.5 4.94| 12.76] 4.01] 11.04] 531 12.77 5:5:5 5.08| 14.98| 5.00| 13.35| 6.21| 14.75
15:15:15] 10.98] 25.79] 10.66{ 25.51| 10.76| 25.65 15:15:151 B.67| 22.13] 6.43| 21.78| 6.71] 2212
30:30:30 | 20.91| 40.43| 20.78| 40.35| 20.52 40.46 30:30:30 ] 9.21| 30.45] 9.10| 30.31] 9.10| 30.54
0.50 [50:50:50 1 34.84| 58.73| 34.78] 58.70| 34.45| 58.81 0.50 |50:50:50 | 13.74| 41.42| 13.711 41.36] 13.56| 41.51
75:75.75| 52.08| 75.87| 52.07| 75.87| 51.81| 75.92 75:75:75 | 21.26] 54.76| 21.24; 54.75] 21.10| 54.9C
5:10:15 12.24] 11.27| 10.63| 10.02 15.63| 15.19 5:10:15 6.39] 12.75] 5.02| 11.77] 7.58] 15.57
10:15:25 | 17.84| 19.50( 17.48| 19.15] 20.14| 22.25 10:15:25| 8.74| 18.27] 8.35| 17.94| 9.40] 19.88
5:5:5 6.88| 19.89| 558 17.71] 7.20{ 19.49 5:5:5 6.07] 20.21| 5.03| 18.24| £.27} 20.00
15:16:15 | 22.22! 45.98| 21.75| 45.61| 21.54| 45.99 15:15:156| 9.20| 34.67] 8.85| 34.17[ 9.11] 34.78
30:30:30 | 46.47{ 72.08| 46.34| 71.98| 45.73| 72.22 30:30:30 | 17.57| 52.49] 17.41]| 52.35| 17.28| 52.66
0.75 |50:50:50 | 73.14] 90.78 73.10[ 90.76| 72.78| 90.89 0.76 |50:50:50{ 31.06| 71.24| 30.98( 71.22| 30.73| 71.33
75:75:75 | 90.02| 97.97| 90.02| 97.97 89.93| 88.00 75:75:75 | 47.73| 86.03| 47.71| 86.02| 47.45| 86.13
5:10:15 22.25; 20.28 20.14| 18.61| 26.58] 25.71 5:10:15 049 20.10] 7.62| 18.63] 11.09]| 23.40
10:18:25 | 36.10] 37.77] 35.56| 37.16] 39.76| 41.58 10:15:25 | 15.26, 30.75| 14.70| 30.25| 16.35 32.93
5:5:5 10.48| 29.36| 8.57| 26.74] 10.48( 28.53 5:5:5 6.46| 26,60 5.25] 24.23| 6.75| 26.32
15:15:15 | 4085 67.65 40.00) 67.26] 39.25| 67.81 15:15:15 | 14.81| 50.45] 14.28| 49.76| 14.41| 50.65
30:30:30 | 76.47| 91.83| 76.38| 91.79| 75.89] 91.94 30:30:30 | 32.17| 73.63| 31.86| 73.46| 31.45| 73.86
1.0 50:50;50 | 95.33] 99.14! 95.32] 99.14| 95.23| 99.16 1.0 50:50:50 | 55.95| 90.67| 55.87| 90.62| 55.60| 90.756
75:75:75 | 99.54| 99.95] 99.54| 99.95] $98.53] 95.96 75:75:75| 77.67| 97.94| 77.65| 97.93| 77.42| 97.96
5:10:15 35.83| 34.67| 33.49| 32.49] 41.72( 41.90 5:10:15 | 14.26] 29.79| 11.79| 27.93| 16.44| 34.05
10;15:25| 59.02| 62.02| 58.57| 61.47| 63.53] £6.03 10:15:25 | 25.83| 48.25] 25.15| 47.68| 27.65| 50.65
Table 6. The lower and upper bounds of test power for Table 7. The lower and upper bounds of test power for
Welch, James-second order and Alexander-Govern tests Welch, James-second order and Alexander-Govern tests
when distributions were Beta {(3,4) and variance ratios 1:2:3. when distributions were Beta (3.4) and variance ratios 1:4:8.
Variance ratio: James 2™- | Alexander- Variance ratio: James 2™ | Alexander-
1:2:3 Welch order Govern 1:4:8 Welch order Govern
5 | nenzng L U L U L u § | nenpng L U L u L U
5:5:5 7.35] 7.59] 6.43| 6.63 7.05 7.45 5:5:56 6.93] 7.00; 6.04| 6.02| 6.65] 6.87
15:15:15 12.65( 17.02| 12.48| 16.69| 12.35] 16.90 15:16:15 8.23| 11.58| 797! 11.16]| 8.04| 11.58
30:30:30 21.64| 33.38| 21.57] 33.31] 21.29| 33.39 30:30:30 12.08| 20.59) 12.00| 20.48| 11.84] 20.68
0.50 |50:50:50 34.89] 54.04| 34.87| 54.00f 34.59| 54.13 0.50 |50:50:50 16.02| 33.66| 16.82| 33.58| 15.62| 33.81%
75:75:75 49.84| 73.23( 49.83| 73.21| 49.56| 73.30 757575 23.15] 50.13[ 23.14! 50.11| 23,03] 50.27
5:10:15 10.00| 11.53] 9.18| 10.70] 13.00| 14.69 510:15 7.16| 8.66] 6.48| 7.63[ 8.54| 10.11
10:15:25 15.42| 16.79| 15.07| 16.48| 18.07] 18.39 10:16:25 9.53| 12.13[ 9.35| 11.74| 10.60| 13.25
5:5:5 9.93] 10.98| 8.84 9.50| 9.55] 10.97 5:5:5 7.92| 849| 6.83] 7.18] 7.60| 840
15:15:15 22 831 34.61| 22.53| 34.21| 22.07| 34.74 15:15:15 12.32| 21.13| 11.99| 20.61] 12.04| 21.41
30:30:30 44.15| 66.47| 44.08| 66.36| 43.65| 66.64 30:30:30 21.30] 43.29] 21.14| 43.041 20.94| 43.57
0.75 [50:50:50 67.42| 88.91] 67.32| 88.91| 67.04| 88.95 0.75 [50:50:50 33.04{ 67.81] 32.98| 67.74| 32.80( 68.04
757575 85.55| 98.01] 85.55] 58.01| 85.38] 98.02 75.75.75 47.70| 86.02| 47.68[ 86.00; 47.50| 86.12
5:10:%5 16.66] 19.15| 15.48| 18.08]| 21.09| 24.14 5:10:15 1051} 13.76] 949( 12.40| 12.28| 15.86
10:15:25 30.31| 31.86| 27.11| 31.52( 34.14| 35.75 10:16:25 15.69) 22.34| 15.29| 21.88| 17.35| 23.82
5:5:5 12.68| 16.12| 11.41] 14.20] 12.09| 186.23 5:5:5 9.21| 41.18] 7.93| 943 871 11.23
15:15:15 37.46| 57.60| 37.08! 57.111 36.44| 57.90 15:16:15 18.42| 35.59| 17.95| 34.82| 17.82| 36.20
30:30:30 659.40| 90.52| 69.28] 90.46] 68.74| 90.60 30:30:30 34.21| 69.50| 33.99| 69.27| 33.72| 69.78
1.0 |50:50:50 90.55| 98.27| 90.52| 99.27| 90.35| 99.27 1.0 |50:50:50 53.80| 91.16] 53.76] 91.13| 53.35} 91.28
757575 g8.37| oo.o8| 08.36] 99.68| 08.34| 99.98 75:75:75 72.76| 98.55| 72.73| 98.55| 72.53| 98.56
5:10:15 27.20| 28.45| 25.67) 27.11} 33.32| 35.27 5:10:15 14.94| 21.55| 13.71] 19.84| 17.30| 24.68
10:15:25 48.82| 52.82| 48.45| 52.44| 53.38] 57.21 10:15:25 25.00| 36.76] 24.69| 36.19{ 27.22| 38.36
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