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A Case in which Two Methods for the Test of Homogeneity of Variance
are not Equal

no w7
Yuuichi KAWAGUCHI

Regarding the test of homogeneity of variance based on the F-distribution, there are two methods for
accepting or rejecting the null or alternative hypothesis. In this paper, it is shown that there is a case in which
the two methods are not equal if the level of significance « is an unordinary value (¢ = 0.98). In ordinary

cases of statistical processing, the value of « is 0.05 or 0.01. The two methods are equal in such cases.
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I. Introduction

In this paper, it is shown that there are two meth-
ods for accepting and rejecting the hypothesis in the
test of homogeneity of variance, and it is shown that
there is a case in which those two methods are not
equivalent.

The meaning of each letter, such as F, «, f1 and
J> is given the first time it appears in this paper, and
the letters are used thereafter without an explanation
of their meaning.

There are arguments!*! 15 about accepting the null
hypothesis when it is not rejected. The author does
not go into detail about the arguments and takes
boolean expressions that have only two values, T
and =T =F.

II. Test of Homogeneity of
Variance based on F-distribution

We assume that two samples, A and B, both have
the Normal distribution.

Let variances of samples A and B be af‘ and aé,
respectively. The null hypothesis Hp and the alter-

native hypothesis H; are shown below:

Hy: aﬁ = 01%
H;: (71% # ‘712?

Let values that are calculated by the point esti-
mates of the two variances oi and oﬁ, be &i and 612;,
respectively. The ratio F = 61% /612; is a test statistic
in the test of homogeneity of variances. It follows
an F-distribution!’! 8] under the condition in which
the null hypothesis Hy is confirmed.

The F-distribution is characterized by two degrees
of freedom d4 and dp. Let the size of a sample x;

(x = A, B) be Ny, respectively. Then the degree of

freedomis d, = N, — 1.

As the F-distribution, values f| and fz*l set two-
tailed critical regions [0, f1) and ( f>, co) for the al-
ternative hypothesis Hj, and the values are calcu-

lated by the expressions shown below (x).

fio = af(1=3 dads).

£ = af(5.dads).

.. (%)

The function gf shown above is defined as
qf(a7 ni, n2) = Fnl,nz (a) .

According to an explanation in a referencel2(P- 6%
value ¢ for which P (F > t) = a holds is written as
F, 1,12 (@).

III. Two Different Methods

In this section, we show two methods for accept-

ing and rejecting the null hypothesis.

1. Method One (M1)

In a book!'P-143) " the conditions for accepting
and rejecting the null hypothesis are explained as

follows:

ASFS fh, < Hy,
F<fiorfph<F <— H.

Each H; (i = 0, 1) stands for accepting the hypoth-
esis H; on the right-hand side of the equivalent sym-

bol «— .

*1 Those are called ‘percentile’ or ‘quantile.’
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2. Method Two (M2)

On the other hand, there is another method in a
book!31(p- 313)

1< Fthen f, <F <= Hi,
1

F < 1 then f{<f «— Hj,

otherwise < H,.

The percentile f| in the second row is defined by a

function gf as shown below:
o
fi=af (5. ds.da).

The order by which degrees of freedom dp and d4
appear in the expression of the definition for f| is
reverted against fi and f>. The relationship*> be-

tween f| and f] is shown below:

fi= qf<g, dB,dA)

B qf(l—%,dA,dB) N

IV. Discussion

We show in this section that there is a case in
which the two methods (M1 and M2) shown above
are not equivalent.

1. M1 = M2

Assume that fi < F < f> in M1. In the case of
1 < F, we accept Hy in M2 because it holds that
F < f, and then this is the case of ‘otherwise’ in
M2. In the case of F < 1, it holds that f; < F and
the relationship () implies that 1/F < 1/f; = f{
holds. This is the case of ‘otherwise,” and then we

accept Hp in M2.

*2 It is proven in http://www.econ.hokudai.ac.-
jp/~takagi/2005_July_2nd.pd£, and so on.

Therefore, it always holds that Hy in M1 —
Hy in M2.

2. M2 — M1

Assume that 1 £ F and F < f,. This is a case
of accepting Hp in M2. For example, let « = 0.98,
dg = 30 and dgp = 10. Then, by expressions (x)
we have fr = qf(a/2,ds,dp) = 1.061 and f| =
qf(1 — «/2,da, dp) = 1.033. These values are cal-
culated by R****(Lower.tail = F). F does not
depend on «, d4 and dp, and F takes any value for
which 1 < F < f, holds. For example, let F =
1.024, then it holds that | £ F < f] < f» (Fig. 1).

This is a case of accepting H| in M1.

F-distribution: dA=30, dB=10, alpha=0.98
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Figurel A case of accepting Hy in M1

Therefore, there is a case in which it does not hold
that Hy in M2 — Hy in M1.

3. =098

In ordinary cases, the value of the level of signifi-

cance « 1S @ = 0.05 or ¢ = 0.01. The two methods

*3 version 3.2.3

* http://www.R-project.org/
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are equal in such ordinary cases!®.

In the case shown above, we let o be 0.98. In
ordinary cases of statistical processing, such a value
o = 0.98 is never used. The case of @ = 0.98 is
unordinary.

The level of significance « stands for probability.
In a general mathematical meaning however, o can
have any value in the range 0 < « < 1, then the case

of @ = 0.98 is possible.

V. Conclusion

This paper shows that there are two methods
for the test of homogeneity of variance based on
F-distribution and shows that there is a case in
which they are not equivalent.

In ordinary cases, the value of the level of signifi-
cance « is @ = 0.05 or ¢ = 0.01. In the case shown
above, we let o be 0.98 and it is possible but unor-

dinary.
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