i

Print ISSN: 2588-2546
Online ISSN: 2588-2554

Mathematical Researches

Homepage: https://jemr.khu.ac.ir/

A Test for Homogeneity of VVariances Using the Jackknife Empirical
Likelihood Approach and Its Comparison with Several Common Tests

Nabaz Esmailzadeh 12

> Parisa Hoseini 2

1. Corresponding Author, Department of Statistics, Faculty of Sciences, Razi University, Kermanshah, Iran. DX E-mail:

n.esmailzadeh@razi.ac.ir

2. Department of Statistics, Faculty of Sciences, University of Kurdistan, Sanandaj, Iran. E-mail:

hosiniparisa7 @gmail.com

Article Info

ABSTRACT

Avrticle type:
Research Article

Avrticle history:
Received: 18 September 2024
Received in revised form:

11 November 2024
Accepted: 20 November 2024
Published online:

28 February 2025

Keywords:

Homogeneity of variances,
Jackknife,

Empirical likelihood,
Permutation test.

Introduction

The homogeneity of variances test is a prerequisite for many statistical
methods such as analysis of variance and regression methods. This test is often
used to identify potential differences and variations between traits in different
populations. Given the interest and importance of researchers in increasing
uniformity in quality control of production processes, tests for equality of
variances have gained attention. Additionally, in many research areas,
examining the equality of variances among multiple groups is significant. For
instance, in various scientific fields such as biology, sociology, agriculture,
and economics, studying the dispersion of traits in different communities is
noteworthy. Therefore, many tests in this area have been studied and
incorporated into numerous statistical software packages.

In this article, a recently introduced likelihood-based jackknife test is
examined alongside common tests such as Levene's and Bartlett's tests, as well
as two tests by James and Alexander-Govern, in terms of their ability to
maintain the first type error rate and test power for several symmetric and
asymmetric distributions. The permutation versions of these tests were also
investigated.

We examine the Jackknife Empirical Likelihood ratio (JEL) test for cases
where sample sizes are unequal, and we study the power and Type | error rate
of the test through simulation studies. Additionally, for small sample sizes, the
proposed JEL test by Sang [24] does not have high power. In this study, we
investigate the permutation version of the test to assess the hypothesis of

improved test performance.

Material and Methods

To examine the Type | error rate and the power of the jackknife empirical
likelihood ratio test to compare these quantities with the four tests of Levene,
Bartlett, James, and Alexander and Govan discussed in Section 2, we will
analyze samples from three distributions with different characteristics. The
simulations are based on 1000 samples from each distribution and 1200
permutations for the permutation test. The simulations were conducted using
coding in R software. We consider the significance level of the test to be 0.05.
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We have considered different sample sizes from the standard normal
distribution (symmetric), the student’s t-distribution with four degrees of
freedom (symmetric, long tail, and short kurtosis), and the chi-squared
distribution with four degrees of freedom (skewed, long tail, and high
kurtosis). The sample sizes for the two-group population are (3,3), (4,4), (8,8),
(10,20), (11,11), (3.4), (4,5), (5,6), (7,8), (11,12); for the three-group
population, they are (3,3,3), (4,4,4), (8,8,8), (10,10,10), (11,11,11), (3,4,5),
(5,6,7), (7,8,9), (9,10,11), (11,12,13); and for the four-group population, they
are (3,3,3,3), (444,4), (88,8,8), (10,10,10,10), (11,11,11,11), (3,4,5,9),
(5,6,7,10), (7,8,9,12), (9,10,11,14).

Results and discussion

The simulation results related to the Type | error rate for k=2, 3, and 4 are
presented in box plots in some figures. According to the charts, the JEL test
exhibits a high error rate across all distributions; however, its permutation
version maintains the error rate effectively. This behavior is also observed for
the Bartlett test, which preserves the error rate only for the normal distribution.
Other tests, when using the critical region of the approximate distribution, are
conservative and estimate the error rate to be less than the nominal value of
0.05. The performance of these tests improves with the application of the
permutation method, bringing the estimated error rate closer to the nominal
value.

The simulation results related to the power of the test for the 2, 3, and 4 group
scenarios are presented in some box plots. According to the charts, the
behavior of the JEL and Bartlett tests differs from that of other tests. The JEL
test has a high average power across all distributions, although its variability
is quite significant. As the number of groups increases, the power of the JEL
test also increases, and its variability decreases. The power of the Bartlett test
behaves uniformly across all distributions and group numbers. Although it has
an acceptable average power, its variability is high. Other tests exhibit nearly
similar performance in both normal and permutation scenarios. In the
permutation test, the variability of the JEL and Bartlett tests decreases, and
their average power also diminishes.

It should be noted that simulations for large sample sizes for both equal and
unequal populations were also conducted. In this case, the tests generally
perform well, yielding a power close to one.

Conclusion

The study was based on simulations in various scenarios with equal and
unequal sample sizes for cases where the number of groups is 2, 3, and 4. The
results indicate that although there is no single test that performs best in all
scenarios, the performance of the tests significantly improves in their
permutation versions. To evaluate the performance of the tests in real-world
situations, the tests were applied to two real datasets, and the results are
presented.
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