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

Mathematical Researches

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

Modified signed log-likelihood ratio test for the coefficient of
variation of an inverse Gaussian population

Mohammad Reza Kazemi"= =

Department of Statistics, Faculty of Science, Fasa University, Fasa, Iran.

D<E-mail: kazemi@fasau.ac.ir

Article Info

ABSTRACT

Article type:
Research Article

Article history:

Received:

1 June 2019
Revised form:

3 August 2020
Accepted:

9 August 2020
Published online:
14 May 2022

Keywords:

Coefficient of
ariation;

Inverse Gaussian
population;
Modified signed log-

likelihood ratio method;

Maximum likelihood
estimation.

Introduction

In many applications, such as demography, management science, hydrology,
finance, modeling physical phenomena, etc., the data is often positive and
skewed to the right. In the last four decades, the inverse Gaussian distribution
(IG) has attracted a lot of attention. The inference about IG distribution is also
rapidly increasing because 1G distribution is an ideal candidate for modeling
and analyzing positive and right skewed data. It can be said that the role of IG
distribution in skewed data is the same as the role of normal distribution in
symmetric data. One of the most important parameters of an IG distribution is
known as coefficient of variation. It is known that this parameter does not
depend on the unit of measurements. So, we can use it in measuring the
consistency of results from different experiments with the same feature. the
importance of the coefficient of variation parameter was first stated by
Professor Neyman. After that, some researchers were interested in studying this
parameter in the 1G family of distributions. The likelihood ratio test (LRT) was
applied for this parameter in the one-sided hypothesis testing. Also, for a special
case of one-sided hypothesis testing for this parameter, a uniformly most
powerful invariant test (UMPI) was presented. In our best of knowledge, there
are not any efficient method for the problem of two-sided hypothesis testing
about the coefficient of variation of an inverse Gaussian distribution. In this
paper, we use the modified version of signed log-likelihood ratio (SLR) method
known as modified signed log-likelihood ratio (MSLR) to handle this issue.

MSLR method has received considerable attention in dealing with various
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statistical inference problems because of its high accuracy in estimating the
unknown parameter against the traditional methods.

Material and methods

In this paper, different methods of statistical hypothesis testing for the
coefficient of variation parameter of an IG population are considered. These
methods include the SLR test, MSLR test, and a test based on the asymptotic
distribution of maximum likelihood estimators of the model parameters. All
necessary formulas for obtaining MSLR statistic such as observed information
matrix, nuisance information matrix, vector of pivotal quantities, and the vector
of likelihood gradient are provided.

Results and discussion

The performances of MSLR method are compared with classical approaches,
in terms of empirical type-1 error rate and empirical test power. Simulation
results show that the empirical type-l error rates of MSLR are close to the
nominal type-I error rate, even for small sample sizes whereas the traditional
approaches are reliable only for large sample sizes. Comparing the empirical
power sizes shows that the power of MSLR method is superior to other
considered methods in some settings, by regarding that the competing
approaches cannot perform well in controlling the type-I error probability, because
their empirical type-I error rates are far from the nominal type-1 error rate.
Conclusion

In this paper, based on a modification of the traditional likelihood ratio method,
a new test statistic called the modified signed log-likelihood ratio (MSLR) was
presented to test the hypothesis about the coefficient of variation of an inverted
Gaussian population. As observed, the new method even for small sample sizes
has a type-l error rate close to the nominal error rate and in this regard, it
controls the type-1 error level well for the case of two-sided hypothesis testing.
Also, it was observed that this method has an acceptable test power and in some
situations its test power is equal to the power of competing methods. However,
competing methods did not perform well in controlling the level of type-1 error. It is

therefore recommended that researchers use the MSLR method in practical works.
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