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Effect of Preliminary F-Test on the Comparison between Two

Treatment Means, in the Analysis of Variance.

Minoru SroTani

ABSTRACT: In the analysis of variance, if the mean square due to a higher order
interaction is not significant compared with error mean square by means of F-test (or
z-test), it is often customary to amalgamate both mean squares and to use the
resultant mean square as the unbiased variance of numerator of Z-statistic for com-
paring two treatment means. However, even if the interaction mean square is not
significant by F-test, it may happen, in practice, that it exists in the population. In
such a case, studing the change of the significant level with which we first ietended
to compare two treatment means, we must consider the situation that F-test could not
detect the significance of the interaction. But in what extent the conditional proba-
bility differs from the unconditional one?

In this paper, the author obtains the conditional probability densty funcnon of
statistic 7 in power series under the condition F < F™ (0.05), where F7/(0.05) is the
5 percent value of F-distribution for (#’, n) degrees of freedom. 7T statistic defined in
Section 2, is used for comparing two treatment means after the interaction mean square is
amalgamated with the error mean square. In order to see the effects of the condition
F < F? (0.05), he calculates the probabilities P{|T|>2¢x(0.05)|F < F~ (0.05)}, P{|T|
> tx(0.05)}, and d defined in (20) and tabulates them in Table 1-1 ~3-3 for the
appropriate values of #' and 7, where #5(0.05) is the 5 percent value of Student’s
t-distribution for N=#n'+n degrees of freedom.
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26 | 66.2| 146 7.8 | 43 | 0.9 | 0.0°| 02| -0.2| -0.2| —0.2| —0.4| —0.4

36 | 68.5| 12.1| 6.6 | 8.4 | 0.8 | 0.0° | —0.2| —0.2| —0.2| —0.2 | —0.4 | —0.4

56 | 36.6| 9.0| 46 | 26 | 0.6 | 0.0°( -0.0! —0.0| —0.0| ~0.0| 0.2} —0.2




SR OBE Lo U0 R I L THITST Ftest o 11
#8-15%  P{T|>tx(0.06) F = F(0.05)}

nl

0.001 | 0.007 | 0.013 | 0.019 | (.034 | 0.050€ | 0.066 | 0.081 | 0.088 | 0.096 | 0.109 | 0.117
0.002 | 0.010 | 0.015 | 0.022 | 0.0386 | 0.050°| 0.064 | 0.076 | 0.082 | 0.088 | 0.098 | 0.108
0.003 | 0.012 | 0.018 | 0.024 | 0.087 | 0.050¢ 0.062 | 0.073 | 0.078 | 0.082 | 0.091 | 0.100
8 |0.005|0.014 | 0.020 | 0.026 | 0.089 | 0.050° 0.060 ; 0.C69 | 0.072 | 0.075 | 0.081 | 0.087

10 | 0.008 | 0.018 | 0.022 | 0.028 | 0.039 | 0.050® | 0.059 | 0.068 | 0.071 | 0.074 | 0.079 | 0.084
10| 12 | 0.008 | 0.018 | 0.024 | 0.029 | 0.040 | 0.050°| 0.059 | 0.066 | 0.069 | 0.072 | 0.076 | 0.081
14 10.010 | 0.020 | 0.026 | 0.081 | 0.041 | 0.050°| 0.058 | 0.065 | 0.067 | 0.070 | 0.075 | 0.078
16 1 0.012 | 0.022 | 0.027 | 0.032 | 0.042 ' 0.050°| 0.057 | 0.064 | 0.066 | 0 069 | 0.078 | 0.076
18 [0.014 | 0.028 | 0.028 | 0.033 | 0.042 | 0.050°| 0.057 | 0.062 | 0.065 | 0.067 | 0.070 | 0.073

0
0
20 | 0.016 | 0.025 | 0.029 | 0.034 | 0.043 | 0.050° | 0.056 | 0.061 | 0.062 | 0.065 | 0.067 | 0.069
80 .0.019 | 0.080 | 0.034 | 0.038 | 0.044 | 0.050°| 0.054 | 0.057 | 0.058 | 0.069 | 0.060 | 0.061
50 1 0.026 | 0.087 | 0.039 | 0.042 | 0.047 | 0.050¢ | 0.052 | 0.058 | 0.064 | 0.055 | 0.056 | 0.057

ooz | 0405 [ o0s 08| 1012|114 15| 16| 18] 20
2
1
6

#8-23%  P{T|>tx0.05)}

w N‘ 02 | 04 | 05 | 06|08 10| Lz| 14| 15| L6 | 18 | 20

| t
v

2 | 0.001 | 0.007 | 0.013 | 0.019 | 0.034 |0.050° | 0.066 | 0.082 0.08910.097\0.110 0.119
4 |0.001 | 0.009 | 0.015 | 0.021 | 0.036 |0.0502 | 0.064 | 0.077 | 0.088 | 0.088 | 0.099 | 0.109
6 | 0.002 | 0.010 | 0.016 | 0.023 | 0.087 | 0.050¢ | 0.062 | 0.073 | 0.078 | 0.088 | 0.092 | 0.100
8 | 0.002 | 0.012 | 0.018 | 0.025 | 0.038 | 0.050¢ | 0.060 | 0.069 | 0.072 | 0.076 | 0.082 | 0.087
10 | 0.003 | 0.013 | 0.020 | 0.026 | 0.039 |0.050° | 0.060 | 0.068 | 0.071 | 0.075 | 0.080 | 0.085
10| 12 |0.003 | 0.015 | 0.021 | 0.028 | 0.040 | 0.050° | 0.059 | 0.066 | 0.069 | 0.072 | 0.077 | O 081
14 | 0.004 | 0.016 | 0.023 | 0.029 | 0.040 | 0.050° | 0.058 | 0.065 | 0.068 | 0.070 | 0.075 | 0.079
16 | 0.004 | 0.017 | 0.024 | 0.030 | 0.041 | 0.050° | 0.058 | 0.064 | 0.067 | 0.069 | 0.074 | 0.077
18 | 0.005 | 0.018 | 0.025 | 0,081 | 0.042 |0.050° | 0.057 | 0.062 | 0.065 | 0.067 | 0.072 | 0.073
20 | 0.008 | 0.019 | 0.026 | 0.082 | 0.042 |0.050¢ | 0.056 | 0.061 | 0.068 | 0.064 | 0.067 | 0.069
80 | 0.008 | 0.02¢ | 0.030 | 0.036 | 0.044 |0.060€ | 0.054 | 0.057 | 0.058 | 0.059 | 0.059 | 0.060
50 | 0.013 | 0.080 0 036 | 0.040 | 0046 |0.050° | 0.052 | 0.053 | 0.054 | 0.055 | 0.056 | 0.057
#8-3% d(%)
n’N{‘ 0.2]0.4‘0.5]06]0.8 1.o|1.2]1.4 15 | 1.6 | 1.8 | 2.0
2 | 4.4 42| 24| 21| 06 | 0.0°| -0.2] 0.6 —0.9| —L.o| —1.8| —1.4
4| o1'6| 10.3| 4.8 28 | 0.8 | 0.0 —0.8| —0.5| —0.6 | —0.7 | —0.8 | 1.0
8 |100.0| 15.5| 8.5 43 | 1.1 | 0.0° | 0.3 | —0.5| —0.5 | —0.6 | —0.7 | —0.7
8 |127.4| 20.1| 10.4! 5.2 | 1.3 | 0.0® | —0.3| —0.4| —~0.4 | —0.6 | —0.7 | —0.7
10 [186.8| 28.5| 11.7| 5.7 | 1.5 | 0.0° | —0.8 | —0.4| —0.4| —0.5| —0.6 | —0.6
10) 12 | 1488 | 25.4| 12.8| 6.1 | 1.8 | 0.0 | —0.5| —0.8| —0.4| —0.4| —0.5 | —0.6
14 |18l.2| 2r.2| 138.8| 66 | 15 | 0.0° | —0.8| —0.8 | ~0.8| —0.4 | —0.4 | —0.5
16 |181.4| 27.6| 13.7| 6.7 | 1.5 | 0.08 | —0.3| —0.8| —0.2| —0.4 | —0.4 | —0.5
18 |174.8| 27.5| 13.7| 65 | 1.4 | 0.0 | —0.2| —0.8| —0.2| —0.4 | —0.4 | —0.4
2 [148.4| 27.2| 18.5] 6.5 | 1.8 | 0.0 | —0.2| —0.8| —0.2| —0.4| —0.4 | —0.4
30 |136.9| 26.0| 12.6| 59 | 12 | 0.0e | —0.2| —0.2| —0.2! 0.8 | 0.4 —0.4
50 | 99.5| 22.5| 10.1| 5.0 | 0.9 | 0.0e | —0.0| —~0.2| —0.2| —0.2| —0.2 | -0.2




P
1
FIG. 1
0108 P{|T|>1,(0.05) F £ F=(0.05)}
n'= 2
0.09}
0.08}
=2
0.07F Nsd
b
0. 06} neld
14
A,
?nl,:
n=,
0.05 —
= i"/
5
0. 04 - ﬂsl
=M
n=i0
6
0.03} 4
n=2
0.02 b
0.01}
L ' L L_ 2 L 1 g rs
0 2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 20 5K



ST OBE o0 MBI O B IC L TRIET Ftest o

t
'FIG. 2
0: 10
P{ITI> t,(0.05)/F =< F=(0.05)} ,
n'= 4
0.09
0. 0§
n=6
'0.07 ¢
n=10
n=i4
0.06 n=/8
n=22
n=26
=36
. . n=56
0. 05
=56
0.04 =3
e
0.03 n=/8
n=
0.02f
0.01
L. 1 'l 1 L L 1 A 1 ]
0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0



P =2
r
0.10} FIG. 3 6
P{IT> t(0.05)F < F2(0.05)}
0.09} n'=10
N=io
0.08¢ n=4
n=/s
.07}
n=
0.06} g7 n=30
n=50
0.05 }
0.04}
0.03
0.02
0.01

-4 [}
1.0 1.2 1.4 1.6 1.8 2.0 -~ K



