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Sakara Khammeesaeng 2007: A Comparison on Data Transformation Methods when
Data are Unconformed to the Analysis of Variance Assumptions in Randomized
Complete Block Designs. Master of Science (Statistics), Major Field: Statistics,
Department of Statistics. Thesis Advisor: Associate Professor Ananchai Khuantham,

M.S. 141 pages.

The purpose of this research was to compare transformation methods when data are
against the underlying assumptions for analysis of variance (homogeneity of variance and
additivity for testing differences between treatment effects) in Randomized Complete Block
Designs by comparing two parametric methods which are the Tukey transformation approach
and the Box and Cox transformation approach, and a nonparametric method, the Rank
transformation approach. This research generated data which were separated into major three
cases : data that have heterogeneity of variance, data that have nonadditivity and data that have
both.The number of blocks used were 4, 8 and 12. The number of treatments used were 3, 4, 8,
10, 15 and 20.There were 108 cases and each case consisted of 1,000 runs generated from the
Monte Carlo simulation technique using Microsoft Excel. The levels of significance were 0.05
and 0.01. The efficiency of transformation methods was compared, by using percentage of

conformed data, probability of type I errors and power of the test.

The results can be summarized as follows: of the two parametric methods, Tukey has
the highest efficiency when data have only nonadditivity, or both heterogeneity of variance and
nonadditivity. In addition, Tukey has the lowest probability of type I errors, and also has the
highest power of the test for these cases. Similarly, Box and Cox has the highest efficiency
when data have heterogeneity of variance. The nonparametric method, Rank, has the highest of
percentage of conformed data for all cases. However, this approach has the highest probability
of type I errors, but has the lowest power of the test. Overall, Rank has the lowest efficiency of

three transformation approaches.
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H o 1 < Av o
ﬂﬁN‘ﬁ 10 aﬂymzsﬁ'mgmmuﬂ131/1ﬂa’e)qLm°ufcpJ“lu‘ua’e)ﬂﬁuyjimmﬁﬂyﬂmmnammu

v A
NIAU 108 DAVUL

ANy

rooot uy G0, ,....:C, v P,Po-P1s T, T, Ty,

ii Hu

1 4 3w (1.0:7.7:7.0) 10 (0.1,0.1,-0.1,0.1) (-0.1,0.2,-0.1)

2 4 3w (1.0:7.7:7.0) 10 (0.1,0.1,-0.1,0.1) (1,-2,1)

3 4 3 qu (1.0:1.0:1.0) 10 (0.1,0.1,-0.1,0.1) (-0.1,0.2,-0.1)

4 4 3 qu (1.0:1.0:1.0) 10 (0.1,-0.1,-0.1,0.1) (1,-2,1)

5 4 3 Qu (1.0:7.7:7.0) 10 (0.1,0.1,-0.1,0.1) (-0.1,0.2,-0.1)

6 4 3 Qu (1.0:7.7:7.0) 10 (0.1,0.1,-0.1,0.1) (1,-2,1)

7 4 4w (1.0:7.5:8.7:4.6) 10 (0.1,0.1,-0.1,0.1)  (0.1,-0.1,0.1,-0.1)

8 4 4 W (1.0:7.5:8.7:4.6) 10 (0.1,0.1,-0.1,0.1) (-2,2,-1,1)

9 4 4 qu (1.0:1.0:1.0:1.0) 10 (0.1,-0.1,-0.1,0.1)  (0.1,-0.1,0.1,-0.1)

10 4 4 Qu (1.0:1.0:1.0:1.0) 10 (0.1,0.1,-0.1,0.1) (-2,2,-1,1)

11 4 4 Qu (1.0:7.5:8.7:4.6) 10 (0.1,0.1,-0.1,0.1)  (0.1,-0.1,0.1,-0.1)

12 4 4 Qu (1.0:7.5:8.7:4.6) 10 (0.1,0.1,-0.1,0.1) (-2,2,-1,1)

13 4 8 I (1.0:7.1:8.8:6.9: 10 (0.1,:0.1,:0.1,0.1)  (0.1,-0.1,0.1,-0.1,
0.6:5.6:7.7:2.7) 0.1,-0.1,0.1,-0.1)

14 4 8 1M (1.0:7.1:8.8:6.9: 10 (0.1,:0.1,-0.1,0.1)  (-2,2,-1,1,-2,2,-1,1)
0.6:5.6:7.7:2.7)

15 4 8  qu (1.0:1.0:1.0:1.0: 10 (0.1,0.1,-0.1,0.1)  (0.1,:0.1,0.1,0.1,
1.0:1.0:1.0:1.0) 0.1,0.1,0.1,-0.1)

16 4 8  qu (1.0:1.0:1.0:1.0: 10 (0.1,0.1,-0.1,0.1)  (-2,2,-1,1,-2,2,-1,1)
1.0:1.0:1.0:1.0)

17 4 8  u (1.0:7.1:8.8:6.9: 10 (0.1,0.1,-0.1,0.1)  (0.1,-0.1,0.1,0.1,
0.6:5.6:7.7:2.7) 0.1,-0.1,0.1,-0.1)

18 4 8 qu (1.0:7.1:8.8:6.9: 10 (0.1,:0.1,-0.1,0.1)  (-2.2,-1,1,-2,2,-1,1)

0.6:5.6:7.7:2.7)
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19 10 1IN (1.0:4.9:5.6:8.5:0.5: 10 (0.1,-0.1,-0.1,0.1) (0.1,-0.1,0.1,-0.1,0.1,
6.0:6.1:8.5:1.8:9.1) -0.1,0.1,-0.1,0.1,-0.1)

20 10 uIn (1.0:4.9:5.6:8.5:0.5: 10 (0.1,-0.1,-0.1,0.1) (-2,2,-1,1,-2,
6.0:6.1:8.5:1.8:9.1) 2,-1,1,-2,2)

21 10 M (1.0:1.0:1.0:1.0:1.0: 10 (0.1,-0.1,-0.1,0.1) (0.1,-0.1,0.1,-0.1,0.1,
1.0:1.0:1.0:1.0:1.0) -0.1,0.1,-0.1,0.1,-0.1)

22 10 M (1.0:1.0:1.0:1.0:1.0: 10 (0.1,-0.1,-0.1,0.1) (-2,2,-1,1,-2,
1.0:1.0:1.0:1.0:1.0) 2,-1,1,-2,2)

23 10w (1.0:4.9:5.6:8.5:0.5: 10 (0.1,-0.1,-0.1,0.1) (0.1,-0.1,0.1,-0.1, 0.1,
6.0:6.1:8.5:1.8:9.1) -0.1,0.1,-0.1,0.1,-0.1)

24 10 1w (1.0:4.9:5.6:8.5:0.5: 10 (0.1,-0.1,-0.1,0.1) (-2,2,-1,1,-2,
6.0:6.1:8.5:1.8:9.1) 2,-1,1,-2,2)

25 15 uIn (1.0:5.5:1.9:2.1:3.1: 10 (0.1,-0.1,-0.1,0.1) (0.1,-0.1,0.1,-0.1,0.1,
2.5:9.3:9.0:9.9:3.2: -0.1,0.1,-0.2,0.1,-0.1,
2.7:8.2:3.6:5.7:8.1) 0.1,-0.1,0.1,-0.1,0.1)

26 15  uIn (1.0:5.5:1.9:2.1:3.1: 10 (0.1,-0.1,-0.1,0.1) (-2,2,-1,1,-2,2.,-1,1,
2.5:9.3:9.0:9.9:3.2: -2,2,-1,2,-2,2,-1)
2.7:8.2:3.6:5.7:8.1)

27 15 U (1.0:1.0:1.0:1.0:1.0: 10 (0.1,-0.1,-0.1,0.1) (0.1,-0.1,0.1,-0.1,0.1,
1.0:1.0:1.0:1.0:1.0: -0.1,0.1,-0.2,0.1,-0.1,
1.0:1.0:1.0:1.0:1.0) 0.1,-0.1,0.1,-0.1,0.1)

28 15 M (1.0:1.0:1.0:1.0:1.0: 10 (0.1,-0.1,-0.1,0.1) (-2,2,-1,1,-2,2,-1,1,
1.0:1.0:1.0:1.0:1.0: -2,2,-1,2,-2.2.-1)
1.0:1.0:1.0:1.0:1.0)

29 15 M (1.0:5.5:1.9:2.1:3.1: 10 (0.1,-0.1,-0.1,0.1) (0.1,-0.1,0.1,-0.1,0.1,
2.5:9.3:9.0:9.9:3.2: -0.1,0.1,-0.2,0.1,-0.1,
2.7:8.2:3.6:5.7:8.1) 0.1,-0.1,0.1,-0.1,0.1)

30 15 U (1.0:5.5:1.9:2.1:3.1: 10 (0.1,-0.1,-0.1,0.1) (-2,2,-1,1,-2,2,-1,1,
2.5:9.3:9.0:9.9:3.2: -2,2,-1,2,-2,2,-1)

2.7:8.2:3.6:5.7:8.1)
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31 4 20 UIn  (1.0:1.2:3.7:4.9:9.8: 10 (0.1,-0.1,-0.1,0.1) (0.1,-0.1,0.1,-0.1,0.1,
9.0:2.6:1.6:6.7:8.3: -0.1,0.1,-0.1,0.1,-0.1,
1.6:6.4:1.9:2.5:9.7: 0.1,-0.1,0.1,-0.1,0.1,

4.83:10.0:4.6:4.2:2.5) -0.1,0.1,-0.1,0.1,-0.1)

32 4 20 N (1.0:1.2:3.7:4.9:9.8: 10 (0.1,-0.1,-0.1,0.1) (-2,2,-1,1,-2,2,-1,1,-2,2,
9.0:2.6:1.6:6.7:8.3: -2,2,-1,1,-2,2,-1,1,-2,2)
1.6:6.4:1.9:2.5:9.7:

4.83:10.0:4.6:4.2:2.5)

33 4 20 At (1.0:1.0:1.0:1.0:1.0: 10 (0.1,-0.1,-0.1,0.1) (0.1,-0.1,0.1,-0.1,0.1,
1.0:1.0:1.0:1.0:1.0: -0.1,0.1,-0.1,0.1,-0.1,
1.0:1.0:1.0:1.0:1.0: 0.1,-0.1,0.1,-0.1,0.1,
1.0:1.0:1.0:1.0:1.0) -0.1,0.1,-0.1,0.1,-0.1)

34 4 20 At (1.0:1.0:1.0:1.0:1.0: 10 (0.1,-0.1,-0.1,0.1) (-2,2,-1,1,-2,2,-1,1,-2,2,
1.0:1.0:1.0:1.0:1.0: -2,2,-1,1,-2,2,-1,1,-2,2)
1.0:1.0:1.0:1.0:1.0:
1.0:1.0:1.0:1.0:1.0)

35 4 20 ! (1.0:1.2:3.7:4.9:9.8: 10 (0.1,-0.1,-0.1,0.1) (0.1,-0.1,0.1,-0.1,0.1,
9.0:2.6:1.6:6.7:8.3: -0.1,0.1,-0.1,0.1,-0.1,
1.6:6.4:1.9:2.5:9.7: 0.1,-0.1,0.1,-0.1,0.1,

4.8:10.0:4.6:4.2:2.5) -0.1,0.1,-0.1,0.1,-0.1)

36 4 20 U (1.0:1.2:3.7:4.9:9.8: 10 (0.1,-0.1,-0.1,0.1) (-2,2,-1,1,-2,2,-1,1,-2,2,
9.0:2.6:1.6:6.7:8.3: -2,2,-1,1,-2,2,-1,1,-2,2)
1.6:6.4:1.9:2.5:9.7:

4.8:10.0:4.6:4.2:2.5)

37 8 3 UIN (1.0:7.7:7.0) 10 (-0.1,0.1,0.1,-0.1, (-0.1,0.2,-0.1)

0.1,-0.1,-0.1,0.1)

38 8 3 UIN (1.0:7.7:7.0) 10 (-0.1,0.1,0.1,-0.1, (1,-2,1)

0.1,-0.1,-0.1,0.1)

39 8 3 At (1.0:1.0:1.0) 10 (-0.1,0.1,0.1,-0.1, (-0.1,0.2,-0.1)

0.1,-0.1,-0.1,0.1)
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40 8 A (1.0:1.0:1.0) 10 (-0.1,0.1,0.1,50.1, (1,:2,1)
0.1,-0.1,0.1,0.1)
41 8 A (1.0:7.7:7.0) 10 (-0.1,0.1,0.1,50.1, (-0.1,0.2,-0.1)
0.1,-0.1,-0.1,0.1)
42 8 A (1.0:7.7:7.0) 10 (-0.1,0.1,0.1,:0.1, (1,:2,1)
0.1,-0.1,-0.1,0.1)
43 8 vin - (1.0:7.587:46) 10 (-0.1,0.1,0.1,-0.1,  (0.1,:0.1,0.1,-0.1)
0.1,-0.1,-0.1,0.1)
44 8 VI (1L0:7.587:46) 10 (-0.1,0.1,0.1,0.1, (-2.2,-1,1)
0.1,-0.1,-0.1,0.1)
45 8 e (1.0:1.0:1.0:1.0) 10 (-0.1,0.1,0.1,-0.1,  (0.1,:0.1,0.1,-0.1)
0.1,-0.1,-0.1,0.1)
46 8 A (1.0:1.0:1.0:1.0) 10 (-0.1,0.1,0.1,0.1, (-2,2,-1,1)
0.1,-0.1,0.1,0.1)
47 8 Au (10758746 10 (-0.1,0.1,0.1,:0.1,  (0.1,0.1,0.1,-0.1)
0.1,-0.1,-0.1,0.1)
48 8 Au (10758746 10 (-0.1,0.1,0.1,0.1, (-2,2,-1,1)
0.1,-0.1,-0.1,0.1)
49 8 v (1.0:7.1:88:69: 10 (-0.1,0.1,0.1,-0.1,  (0.1,:0.1,0.1,0.1,
0.6:5.6:7.7:2.7) 0.1,-0.1,:0.1,0.1)  0.1,-0.1,0.1,0.1)
50 8 vIn (1.0:7.188:69: 10 (0.1,0.1,0.1,-0.1,  (-2.2,-1,1,2,2,-1,1)
0.6:5.6:7.7:2.7) 0.1,-0.1,-0.1,0.1)
51 8 Ae (10:1.0:1.0:1.0: 10 (-0.1,0.1,0.1,:0.1,  (0.1,:0.1,0.1,50.1,
1.0:1.0:1.0:1.0) 0.1,:0.1,:0.1,0.1)  0.1,0.1,0.1,-0.1)
52 8 An (L0:1.0:1.0:1.0: 10 (-0.1,0.1,0.1,-0.1,  (-22,1,1,2,2,-1,1)
1.0:1.0:1.0:1.0) 0.1,-0.1,-0.1,0.1)
53 8 Au (10:7.1:8869: 10 (-0.1,0.1,0.1,:0.1,  (0.1,-0.1,0.1,-0.1,
0.6:5.6:7.7:2.7) 0.1,:0.1,:0.1,0.1)  0.1,0.1,0.1,-0.1)
54 8 e (1.07.1:886.9: 10 (0.1,0.1,0.1,-0.1,  (-22,1,1,2,2,-1,1)

0.6:5.6:7.7:2.7)

0.1,-0.1,-0.1,0.1)
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55 10 1 (1.0:49:56:8505 10 (-0.1,0.1,0.1,-0.1,  (0.1,-0.1,0.1,-0.1,0.1,
6.0:6.1:8.5:1.8:9.1) 0.1,-0.1,0.1,0.1)  -0.1,0.1,-0.1,0.1,-0.1)

56 10 1IN (1.0:49:5.6:8505 10 (-0.1,0.1,0.1,-0.1,  (-2,2,-1,1,-2,2,-1,1,-2,2)
6.0:6.1:8.5:1.8:9.1) 0.1,0.1,-0.1,0.1)

57 10 g (10:1.0:1.0:1.0:1.0: 10 (-0.1,0.1,0.1,-0.1,  (0.1,-0.1,0.1,-0.1,0.1,
1.0:1.0:1.0:1.0:1.0) 0.1,-0.1,-0.1,0.1)  -0.1,0.1,-0.1,0.1,-0.1)

58 10 A (L0:1.0:1.0:1.0:1.0: 10 (-0.1,0.1,0.1,-0.1,  (-2,2,-1,1,-2,2,-1,1,-2,2)
1.0:1.0:1.0:1.0:1.0) 0.1,-0.1,-0.1,0.1)

59 10 A% (1.0:4.9:568505 10 (-0.1,0.1,0.1,-0.1,  (0.1,-0.1,0.1,-0.1,0.1,
6.0:6.1:8.5:1.8:9.1) 0.1,-0.1,-0.1,0.1)  -0.1,0.1,-0.1,0.1,-0.1)

60 10 9 (1.0:49:568505 10 (-0.1,0.1,0.1,0.1,  (-2,2,1,1,-2,2,-1,1,-2,2)
6.0:6.1:8.5:1.8:9.1) 0.1,-0.1,-0.1,0.1)

61 15 v (10551920130 10 (-0.1,0.1,0.1,-0.1,  (0.1,-0.1,0.1,-0.1,0.1,
2.5:9.3:9.0:9.9:3.2: 0.1,-0.1,-0.1,0.1)  -0.1,0.1,-0.2,0.1,-0.1,
2.7:8.2:3.6:5.7:8.1) 0.1,-0.1,0.1,-0.1,0.1)

62 15 I (10:55:1.92.1:3.1: 10 (-0.1,0.1,0.1,-0.1, (-2,2,-1,1,:2,2,-1,1,
2.5:9.3:9.0:9.9:3.2: 0.1,0.1,-0.1,0.1) 22,:-1,2,-2,2,-1)
2.7:8.2:3.6:5.7:8.1)

63 15 a&  (1.0:1.0:1.0:1.0:1.0: 10 (-0.1,0.1,0.1,-0.1,  (0.1,-0.1,0.1,-0.1,0.1,
1.0:1.0:1.0:1.0:1.0: 0.1,-0.1,-0.1,0.1)  -0.1,0.1,0.2,0.1,-0.1,
1.0:1.0:1.0:1.0:1.0) 0.1,-0.1,0.1,0.1,0.1)

64 15 Q@  (L0:1.0:1.0:1.0:1.0: 10 (-0.1,0.1,0.1,-0.1, (-2,2,-1,1,-2,2,-1,1,
1.0:1.0:1.0:1.0:1.0: 0.1,0.1,-0.1,0.1) 2,2,-1,2,-2,2,-1)
1.0:1.0:1.0:1.0:1.0)

65 15 g (L0:55:192.1:3.1: 10 (-0.1,0.1,0.1,0.1,  (0.1,-0.1,0.1,-0.1,0.1,
2.5:9.3:9.0:9.9:3.2: 0.1,0.1,-0.1,0.1)  -0.1,0.1,-0.2,0.1,-0.1,
2.7:8.2:3.6:5.7:8.1) 0.1,-0.1,0.1,0.1,0.1)

66 15 ¥ (1055192130 10 (-0.1,0.1,0.1,-0.1, (-2,2,-1,1,-2,2,-1,1,
2.5:9.3:9.0:9.9:3.2: 0.1,-0.1,-0.1,0.1) -2,2,-1,2,2,2,-1)

2.7:8.2:3.6:5.7:8.1)
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67 8 20 UIN (1.0:1.2:3.7:4.9:9.8: 10 (-0.1,0.1,0.1,-0.1, (0.1,-0.1,0.1,-0.1,0.1,
9.0:2.6:1.6:6.7:8.3: 0.1,-0.1,-0.1,0.1) -0.1,0.1,-0.1,0.1,-0.1,
1.6:6.4:1.9:2.5:9.7: 0.1,-0.1,0.1,-0.1,0.1,
4.8:10.0:4.6:4.2:2.5) -0.1,0.1,-0.1,0.1,-0.1)

68 8 20 UIn (1.0:1.2:3.7:4.9:9.8: 10 (-0.1,0.1,0.1,-0.1, (-2,2,-1,1,-2,2,-1,1,-2,2,
9.0:2.6:1.6:6.7:8.3: 0.1,-0.1,-0.1,0.1) -2,2,-1,1,-2,2,-1,1 -2,2)
1.6:6.4:1.9:2.5:9.7:
4.8:10.0:4.6:4.2:2.5)

69 8 20 qQu (1.0:1.0:1.0:1.0:1.0: 10 (-0.1,0.1,0.1,-0.1, (0.1,-0.1,0.1,-0.1,0.1,
1.0:1.0:1.0:1.0:1.0: 0.1,-0.1,-0.1,0.1) -0.1,0.1,-0.1,0.1,-0.1,
1.0:1.0:1.0:1.0:1.0: 0.1,-0.1,0.1,-0.1,0.1,
1.0:1.0:1.0:1.0:1.0) -0.1,0.1,-0.1,0.1,-0.1)

70 g8 20 qQu (1.0:1.0:1.0:1.0:1.0: 10 (-0.1,0.1,0.1,-0.1, (-2,2,-1,1,-2,2,-1,1,-2,2,
1.0:1.0:1.0:1.0:1.0: 0.1,-0.1,-0.1,0.1) -2,2,-1,1,-2,2,-1,1 -2,2)
1.0:1.0:1.0:1.0:1.0:
1.0:1.0:1.0:1.0:1.0)

71 8 20 M (1.0:1.2:3.7:4.9:9.8: 10 (-0.1,0.1,0.1,-0.1, (0.1,-0.1,0.1,-0.1,0.1,
9.0:2.6:1.6:6.7:8.3: 0.1,-0.1,-0.1,0.1) -0.1,0.1,-0.1,0.1,-0.1,
1.6:6.4:1.9:2.5:9.7: 0.1,-0.1,0.1,-0.1,0.1,
4.8:10.0:4.6:4.2:2.5) -0.1,0.1,-0.1,0.1,-0.1)

72 8 20 M (1.0:1.2:3.7:4.9:9.8: 10 (-0.1,0.1,0.1,-0.1, (-2,2,-1,1,-2,2,-1,1,-2,2,
9.0:2.6:1.6:6.7:8.3: 0.1,-0.1,-0.1,0.1) -2,2,-1,1,-2,2,-1,1 -2,2)
1.6:6.4:1.9:2.5:9.7:
4.8:10.0:4.6:4.2:2.5)

73 12 3 UIN (1.0:7.7:7.0) 10 (-0.1,0.1,-0.1,0.1, (-0.1,0.2,-0.1)

-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)
74 12 3 1IN (1.0:7.7:7.0) 10 (-0.1,0.1,-0.1,0.1, (1,-2,1)

-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)
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75 12 3

76 12 3

77 12 3

78 12 3

79 12 4

80 12 4

81 12 4

82 12 4

&3 12 4

84 12 4

uIn

U3In

(1.0:1.0:1.0)

(1.0:1.0:1.0)

(1.0:7.7:7.0)

(1.0:7.7:7.0)

(1.0:7.5:8.7:4.6)

(1.0:7.5:8.7:4.6)

(1.0:1.0:1.0:1.0)

(1.0:1.0:1.0:1.0)

(1.0:7.5:8.7:4.6)

(1.0:7.5:8.7:4.6)

10

10

10

10

10

10

10

10

10

10

(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)
(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)
(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)
(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)
(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)
(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)
(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)
(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)
(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)
(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)

(-0.1,0.2,-0.1)

(1,-2,1)

(-0.1,0.2,-0.1)

(1,-2,1)

(0.1,-0.1,0.1,-0.1)

(-2.2-L1)

(0.1,-0.1,0.1,-0.1)

(-2.2-L1)

(0.1,-0.1,0.1,-0.1)

(-2.2-L1)
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n

85 12 8
86 12 8
87 12 8
88 12 8
89 12 8
90 12 8

91 12 10

92 12 10

93 12 10

94 1210

UIn

1IN

uIn

(1.0:7.1:8.8:6.9:
0.6:5.6:7.7:2.7)

(1.0:7.1:8.8:6.9:
0.6:5.6:7.7:2.7)

(1.0:1.0:1.0:1.0:
1.0:1.0:1.0:1.0)

(1.0:1.0:1.0:1.0:
1.0:1.0:1.0:1.0)

(1.0:7.1:8.8:6.9:
0.6:5.6:7.7:2.7)

(1.0:7.1:8.8:6.9:
0.6:5.6:7.7:2.7)

(1.0:4.9:5.6:8.5:0.5:

6.0:6.1:8.5:1.8:9.1)

(1.0:4.9:5.6:8.5:0.5:

6.0:6.1:8.5:1.8:9.1)

(1.0:1.0:1.0:1.0:1.0:

1.0:1.0:1.0:1.0:1.0)

(1.0:1.0:1.0:1.0:1.0:

1.0:1.0:1.0:1.0:1.0)

10

10

10

10

10

10

10

10

10

10

(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)
(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)
(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)
(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)
(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)
(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)
(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)
(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)
(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)
(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)

(0.1,-0.1,0.1,-0.1,
0.1,-0.1,0.1,-0.1)

(-2.2,-1,1,-2,2-1,1)

(0.1,-0.1,0.1,-0.1,

0.1,-0.1,0.1,-0.1)

(-22-1,1,-2.2-1,1)

(0.1,-0.1,0.1,-0.1,

0.1,-0.1,0.1,-0.1)

(-22-1,1,-2.2-1,1)

(0.1,-0.1,0.1,-0.1,0.1,

-0.1,0.1,-0.1,0.1,-0.1)

(-2.2-1,1,-2,

2-1,1,-2,2)

(0.1,-0.1,0.1,-0.1,0.1,

-0.1,0.1,-0.1,0.1,-0.1)

(-22-1,1,-2,
2,-1,1,-2,2)
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95 12 10 fu  (1.049:568505 10  (-0.10.1,0.,01,  (0.1,:0.1,0.1,-0.1,0.1,
6.0:6.1:8.5:1.8:9.1) -0.1,0.1,-0.1,0.1, -0.1,0.1,-0.1,0.1,-0.1)

-0.1,0.1,-0.1,0.1)

9% 12 10 fu (1049568505 10 (0.L0.1,-0.1,0.1,  (-2271,1,22,1,1,2,2)

6.0:6.1:8.5:1.8:9.1) -0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)

97 12 15 v (1055192131 10 (01,010,001,  (0.1,50.1,0.1,-0.1,0.1,
2.5:9.3:9.0:9.9:3.2: -0.1,0.1,-0.1,0.1, -0.1,0.1,0.2,0.1,0.1,
2.7:8.2:3.6:5.7:8.1) -0.1,0.1,-0.1,0.1) 0.1,-0.1,0.1,0.1,0.1)

98 12 15 v (1055192131 10 (-0.1,0.1,:0.1,0.1, (221,122, 1,1,
2.5:9.3:9.0:9.9:3.2: -0.1,0.1,-0.1,0.1, 22,1,2,2.2,-1)
2.7:8.2:3.6:5.7:8.1) -0.1,0.1,-0.1,0.1)

99 12 15 g¥  (10:1.0:1.0:1.0:1.0: 10 (-0.1,0.1,0.1,0.1,  (0.1,50.1,0.1,-0.1,0.1,
1.0:1.0:1.0:1.0:1.0: -0.1,0.1,-0.1,0.1,  -0.1,0.1,0.2,0.1,0.1,
1.0:1.0:1.0:1.0:1.0) -0.1,0.1,-0.1,0.1) 0.1,-0.1,0.1,-0.1,0.1)

100 12 15 g (L0:1.0:1.0:1.0:1.0: 10 (-0.1,0.1,:0.1,0.1, (-2.2,-1,1,:22,1,1,
1.0:1.0:1.0:1.0:1.0: -0.1,0.1,-0.1,0.1, 22,:1,2,22,-1)
1.0:1.0:1.0:1.0:1.0) -0.1,0.1,-0.1,0.1)

101 12 15 g (1055192031 10 (0.1,0.1,:0.1,0.1,  (0.1,:0.1,0.1,:0.1,0.1,
2.5:9.3:9.0:9.9:3.2: -0.1,0.1,:0.1,0.1,  -0.1,0.1,-0.2,0.1,0.1,
2.7:8.2:3.6:5.7:8.1) -0.1,0.1,-0.1,0.1) 0.1,-0.1,0.1,-0.1,0.1)

102 12 15 g (1055192131 10 (0.1,0.1,:0.1,0.1, (-2,2,-1,1,2.2,-1,1,
2.5:9.3:9.0:9.9:3.2: -0.1,0.1,-0.1,0.1, 2,2,1,2,22,1)
2.7:8.2:3.6:5.7:8.1) -0.1,0.1,-0.1,0.1)

103 12 20 w0 (1.0:1.2:37:4998 10 (-0.1,0.1,-0.1,0.1,  (0.1,:0.1,0.1,-0.1,0.1,
9.0:2.6:1.6:6.7:8.3: -0.1,0.1,-0.1,0.1,  -0.1,0.1,-0.1,0.1,0.1,
1.6:6.4:1.9:2.5:9.7: -0.1,0.1,-0.1,0.1)  0.1,:0.1,0.1,:0.1, 0.1,
4.8:10.0:4.6:4.2:2.5) -0.1,0.1,-0.1,0.1,-0.1)
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104 12 20

105 12 20

106 12 20

107 12 20

108 12 20

(1.0:1.2:3.7:4.9:9.8:
9.0:2.6:1.6:6.7:8.3:
1.6:6.4:1.9:2.5:9.7:
4.8:10.0:4.6:4.2:2.5)
(1.0:1.0:1.0:1.0:1.0:
1.0:1.0:1.0:1.0:1.0:
1.0:1.0:1.0:1.0:1.0:
1.0:1.0:1.0:1.0:1.0)
(1.0:1.0:1.0:1.0:1.0:
1.0:1.0:1.0:1.0:1.0:
1.0:1.0:1.0:1.0:1.0:
1.0:1.0:1.0:1.0:1.0)
(1.0:1.2:3.7:4.9:9.8:
9.0:2.6:1.6:6.7:8.3:
1.6:6.4:1.9:2.5:9.7:
4.83:10.0:4.6:4.2:2.5)
(1.0:1.2:3.7:4.9:9.8:
9.0:2.6:1.6:6.7:8.3:
1.6:6.4:1.9:2.5:9.7:
4.83:10.0:4.6:4.2:2.5)

10

10

10

10

10

(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)

(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,

-0.1,0.1,-0.1,0.1)

(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,

-0.1,0.1,-0.1,0.1)

(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)

(-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1)

(-2.2-1,1,-2.2-1,1,-2.2,

-2,2,-1,1,-2,2,-1,1,-2,2)

(0.1,-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,-0.1,
0.1,-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,-0.1)
(-2,2,-1,1,-2,2,-1,1,-2,2,

-2,2,-1,1,-2,2,-1,1,-2,2)

(0.1,-0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1, 0.1,-0.1, 0.1,-
0.1,0.1,-0.1,0.1,
-0.1,0.1,-0.1,0.1,-0.1)
(-2,2,-1,1,-2,2,-1,1,-2,2,

-2,2,-1,1,-2,2,-1,1,-2,2)

ne G,>0,",...,:C,
pl’p2""’p12= aﬂﬁ

Aa a 4 {
T, T, T, = ONTHAVOINTNNUAN 1, 2,..., 20

T

Y20

o 1 s A
= 99518UANNLYTUSIUVDINTMUUAT 1: NTNUUATN 2:,.. .t

a A

3 ~
waveduasnn 1, 2,..., 12

Y A Yy v Y o s ) a
2. ﬂWﬁ@lﬁ’J%ﬁ@UﬂJ@yjﬁ maﬁiNGUa1J"a1,Laauwauaumm%ﬁ@muﬂu"lﬂmmm@ﬁum

%30 1i TagmsasrvaoudoauuaneInuenNINYeInuLI15 11873599 Modified

Levene Haz¥oauuaneInuansnatuuuIna1833ued Tukey 1Tsuiisumananmuinny



a

AINYA

o

9
VIWIUATIVIN TS H, (3 11uA

[ @ o W

Qe

ANAINAITNMTLUINU F ﬁﬁ&iﬂﬂuﬂﬁTﬂﬂJ 0.05 itag 0.01 terdy

Fan ludlu e udeauud)

uans

H 1A A 9 a § [ 9 a
Vni"lﬂ‘ﬁ 11 ﬂT]ﬂﬂﬁﬁGl“]duﬂﬁﬂﬂﬁ@‘ﬂﬁi]ﬂﬁﬁWu!ﬁﬂ’)ﬂ‘Uﬂﬁﬁ‘i’)i]i"f’é)ﬂ"ll'ﬁ')ﬁhi]@]

36

A
NN 11 uag

9 aa @
YoguuaneINUeNMNYeIn NNl sUsIu

2% Modified Levene

FoauuAneINUINTNALULUIN

25994 Tukey

r t k vV, 'V, =005 0.=001 vV, 'V, 0=005 0O=001
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20 3.62 (-5.53,5.57) 13.49 1.50 52.14
8 3 30.91 (-77.22,24.74) 26.26 -1.00,1.50 65.66
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8 8 (-0.1,0.1,0.1,-0.1,0.1,-0.1,-0.1,0.1) 1.09"
8 10 (-0.1,0.1,0.1,-0.1,0.1,-0.1,-0.1,0.1) L”
8 15 (-0.1,0.1,0.1,-0.1,0.1,-0.1,-0.1,0.1) 117"
8 20 (-0.1,0.1,0.1,-0.1,0.1,-0.1,-0.1,0.1) 123"
12 3 (-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1) 1.03™
12 4 (-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1) 1.04"
12 8 (-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1) 1.09™
12 10 (-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1) Li”
12 15 (-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1) 116"
12 20 (-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1) 122"

Aa A <3 {
NI P,.P,...P,= ONTNAYDIVADNT 1,2,..., 12

ns = lUMANANAUNIADA
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r t T, 7, T F
4 3 (-0.1,0.2,-0.1) 112"
4 3 (1,-2,1) 13.00°
4 4 (0.1,-0.1,0.1,-0.1) 1.05"
4 4 (-2,2,-1,1) 14.33
4 8 (0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1) 1.05"
4 8 (-2,2,-1,1,-2,2,-1,1) 12.43
4 10 (0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1) 1.01™
4 10 (-2,2,-1,1,-2,2,-1,1,-2,2) 13.44°
4 15 (0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.2, 1.05"
0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1)
4 15 (-2,2-1,1,-2,2,-1,1,-2,2,-1,2,-2.2.-1) 13.00°
4 20 (0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1, 1.04™
0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1)
4 20 (-2,2,-1,1,-2,2,-1,1,-2,2,-2,2,-1,1,-2,2,-1,1,-2,2) 12.79°
8 3 (-0.1,0.2,-0.1) 1.24"
8 3 (1,-2,1) 25.00°
8 4 (0.1,-0.1,0.1,-0.1) L11"
8 4 (-2,2,-1,1) 27.67
8 8 (0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1) 1.09"
8 8 (-2,2,-1,1,-2,2,-1,1) 23.86
8 10 (0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1) 1.09"
8 10 (-2,2,-1,1,-2,2,-1,1,-2,2) 25.89°
8 15 (0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.2, 1.10"
0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1)
8 15 (-2,2,-1,1,-2,2,-1,1,-2.2,-1,2,-2,2.-1) 25.00°
8 20 (0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1, 1.08"
0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1)
8 20 (-2,2,-1,1,-2,2,-1,1,-2,2,-2,2,-1,1,-2.2,-1,1,-2,2) 24.58
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root T, Ty T, o’ F

12 3 (-0.1,0.2,-0.1) 1 136"
12 3 (1,-2,1) 1 37.00"
12 4 (0.1,-0.1,0.1,-0.1) 1 1.16"
12 4 (-2,2,-1,1) 1 41.00
12 8 (0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1) 1 1.14"
12 8 (-2,2,-1,1,-2,2,-1,1) 1 3529
12 10 (0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1) 1 1.13™
12 10 (-2,2,-1,1,-2,2,-1,1,-2.2) 1 38.33"
12 15 (0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.2,0.1,-0.1, 0.1,-0.1,0.1,-0.1,0.1) 1 1.15"
12 15 (-2,2,-1,1,-2,2,-1,1,-2.2,-1,2,-2,2.-1) 1 37.00°
12 20 (0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1, 1 1.13™

0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1,0.1,-0.1)

12 20 (-2,2,-1,1,-2,2,-1,1,-2,2,-2,2,-1,1,-2,2,-1,1,-2,2) 1 36.37

Aa A A
NGNS T,.T,.....T, = ONTNAVDINTNNUAN 1, 2,..., 20

2720

ns = Liuanaaiunana

[ Y]

* = UANANAUNNADANIZAUTBEIATY 0.01
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