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Abstract

This research aimed to study and compare the efficiency of three test statistics for testing homogeneity of variances,
(Levene’s test, Brown-Forsythe’s test, and Figner-Killeen’s test) when data are not normally distributed. The number
of populations considered in this study was three groups and considered only when sample sizes of all groups were
equal. The distributions considered in this study were Gamma distributions ((Q, B) = (2, 2), (3, 2), (4, 2), (6, 2), (10,
2))), Weibull distributions ((Q, B) = (2, 6.105), (2, 7.478), (2, 8.635), (2, 10.575), (2, 13.652)), Logistic distributions
(KL, 8) = (2, 1.559), (2, 1.910), (2, 2.205), (2, 2.701), (2, 3.487)), and Uniform distributions ((a, b) = (0, 9.798),
(0, 12), (0, 13.856), (0, 16.971), (0, 21.909)). The criteria used to compare the efficiency of proposed test statistics
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were the ability to control the probability of type 1 error, robustness, and power of a test. In this study, the test statistic

that could control the probability of type 1 error and had the highest empirical power was concluded to be the best

test statistic. The results showed that Levene’s test performed better than Brown-Forsythe’s test and Figner-Killeen’s

test in almost all cases when data followed Logistic and Uniform distributions because it could control the probability

of type 1 error and had the higher empirical power. In the case of Weibull distribution, Levene’s test still performed

better than other tests when the sample size of each group was 30 or more. Finally, Figner-Killeen’s was the best in

all cases when data followed the Gamma distribution.

Keywords: Homogeneity of variances, probability of type | error, robustness, power of a test
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Table1  Sample sizes considered in this study.
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Highly (¢ = 3) 8:24:40 4.619
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Table 3 Parameters of Gamma distribution.
@ p EX) Var(Xy*
(2, 2) 4 8
(3, 2) 6 12
(4 2) 8 16
(6, 2) 12 24
(10, 2) 20 40

* EX) = op, ** VarX) = af’

55

Table 4  Parameters of Weibull distribution.
(@ p E(X)* Var(X)**
(2, 6.105) 5.41 8
(2, 7.478) 6.63 12
(2, 8.635) 7.65 16
(2, 10.575) 9.37 24
(2, 13.652) 12.10 40
FEX) = a1+ 1/ B), ¥ Var(X) = a{r(nzj{r(wijﬂ
B B
Table 5 Parameters of Logistic distribution.
wu, s) EXy Var(X)**
(2, 1.559) 2 8
(2, 1.910) 2 12
(2, 2.205) 2 16
(2, 2.701) 2 24
(2, 3.487) 2 40

2_2

*E(X) =, Var(X) =
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Table 6 Parameters of Uniform distribution.
(@, b EX)y* Var(X)*
(0, 9.798) 2 8
(0, 12) 2 12
(0, 13.856) 2 16
(0, 16.971) 2 24
(0, 21.909) 2 40
* _atb LT
E(X)fT, Var(X)fﬁ(b a)
— (@./=0102)
— (@.f=(22
% — (@./=(.2)
(e.f)=(42)
— (@.f)=(6.2)

1(x)

Figure 1 Gamma distributions under various parameters.
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Figure 3 Logistic distributions under various parameters.
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Figure 4 Uniform distributions under various parameters.
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Table 8  Empirical probability of type | error when data

follow Gamma distribution.

Test statistics

Sample sizes

L BF FK
(5, 5, 5) 0.1407 0.0087 0.0003
(10, 10, 10) 0.1363 0.0448* 0.0531*
(20, 20, 20) 0.1289 0.0419* 0.0556*
(30, 30, 30) 0.1244 0.0455* 0.0616*
(70, 70, 70) 0.1266 0.0489* 0.0724*
(100, 100, 100) 0.1247 0.0480* 0.0754

Note: L = Levene’s test, BF = Brown-Forsythe’s test,
FK = Fligner-Killeen’s test, * Probability of type | error in control
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Table 9  Empirical probability of type | error when data

follow Weibull distribution.

Sample sizes Test statistics
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Table 10 Empirical probability of type | error when data

follow Logistic distribution.

Sample sizes Test statistics

(n,n,n)

(n,n,,n,) L BF FK L BF FK
5. 5, 5) 0.0966 0.0038 0.0002 (. 5, 5) 0.0859 0.0048 0.0002
(10, 10, 10) 0.0816 0.0363* 0.0351* (10, 10, 10) 0.0690* 0.0342* 0.0339*
(20, 20, 20) 0.0754 0.0376* 0.0369* (20, 20, 20) 0.0595* 0.0392* 0.0386"
(30, 30, 30) 0.0725% 0.0398" 0.0405* (30, 30, 30) 0.0531* 0.0404* 0.0398"
(70, 70, 70) 0.0686* 0.0460* 0.0483* (70, 70, 70) 0.0532* 0.0472* 0.0450*
(100, 100, 100) 0.0685* 0.0483 0.0510* (100, 100, 100) 0.0530* 0.0494* 0.0471*

Note: L = Levene’s test, BF = Brown-Forsythe’s test,
FK = Fligner-Killeen’s test, * Probability of type | error in control
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Table 11  Empirical probability of type | error when data

follow Uniform distribution.

Sample sizes Tests
(I, 1y 1) L BF FK
(5, 5, 5) 0.0906 0.0019 0.0002
(10, 10, 10) 0.0704* 0.0303* 0.0245
(20, 20, 20) 0.0573* 0.0288* 0.0265*
(30, 30, 30) 0.0548* 0.0316* 0.0294*
(70, 70, 70) 0.0496* 0.0368* 0.0398*
(100, 100, 100) 0.0521* 0.0436* 0.0440*

Note: L = Levene’s test, BF = Brown-Forsythe’s test,
FK = Fligner-Killeen’s test, * Probability of type | error in control
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Figure 5 Empirical probability of type | error of three test statistics when data follow Gamma, Weibull,

Logistic, and Uniform distribution.
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Table 12 Empirical power of Levene’s test, Brown-Forsythe’s test and Fligner-Killeen’s test.

Sukanykaliberkl, BErapaticziypomar of Levene’s test, Brown-Forsythe’s test and Fligner-Killeen’s/t&st. Teomid) MSU
and Korakot Wichitsa-nguan Jetwanna

Gamma distribution

Weibull distribution

Logistic distribution

Uniform distribution

Sample
Sizes L BF FK L BF FK L BF FK L BF FK
(5.55) 1155 - - - - - - - - - - - -
2309 - - . . . . . . . . . .
4619 - - - - - - - - - - - -
(10,10,10) 1.155 - 00852  0.0917* - 0.0800* 0.0756 0.1269* 0.0725 0.0697 0.1782* 0.0893 0.0785
2309 - 01568  0.1626* - 0.1496* 01390 02106* 0.1311 01242 0.3380* 0.1866  0.1699
4619 - 02918  0.3035* - 0.285* 02723 0.3716* 02452 02362 05950* 03797  0.3461
(20,20,20) 1155 - 0.1681  0.1894* - 01608 0.1554 0.1834* 0.1402 0.1354 0.3244* 02171 0.2344
2309 - 03767  0.3960* - 03731* 03586 0.3853* 03148 02964 06677 05343 0.5411
4619 - 07059  0.7149* - 0.6945° 0.6821 0.6990* 0.6248 06041 0.9378* 0.8833 0.8688
(30,30,30) 1.155 - 02628 0.2964* 0.3384* 02553 0.2519 0.2502* 0.2209 02058 04746 03812 0.4420
2309 - 05800 0.6093* 0.6686* 05829 05672 0.5597* 0.5099 04859 0.8664* 0.8040  0.8338
4619 - 09064 09150* 09435* 09138 009007 0.8820* 0.8530 0.8345 0.9955* 0.9909  0.9884
(70,70,70) 1155 - 05799  0.6482* 0.6724* 06151 06092 05576* 0.5374 0.5083 0.8750 0.8501 0.9344*
2309 - 00458 0.9610* 09711* 09610 09544 09295* 09242 09105 09990 0.9987  0.9997*
4619 - 09996  0.9997* 09999 09999 09998 0.9995* 09994 09987 1.0000 1.0000  1.0000
(100,100,  1.155 - 07571  0.8190* 0.8289* 07973 07903 0.7279* 0.7168 06959 0.9676 0.9622 0.9914*
100 2309 - 09906 0.9948* 09971* 09956 09949 09872* 09861 09811 1.0000 1.0000  1.0000
4619 - 09999  1.0000*  1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000  1.0000  1.0000

Note: L = Levene’s test, BF = Brown-Forsythe’s test, FK = Fligner-Killeen’s test, - Probability of type | error not in control, * Highest power
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Figure 6 Empirical power of three test statistics when data follow Gamma, Weibull, Logistic, and Uniform distribution.
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