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Introduction

The exact distribution of many applicable statistics could not be accessible in
various statistical inference problems. To deal with such an issue in the large
sample problem, an approach is to obtain the asymptotic distribution. The
central limit theorem describes the asymptotic behavior of statistics defined
as arithmetic averages. However, most statistics are not restricted to this
form but are asymptotically equivalent to arithmetic averages. In this arti-
cle, we have expressed the asymptotic distribution of multivariate statistics
class approximated by averages based on the Taylor expansion. Then, the
asymptotic distribution of an empirical Mahalanobis depth-based statistic is
obtained, and the statistic is applied to test the scale difference between two
multivariate distributions.

Material and Methods

Given a multivariate distribution, a depth function measures the centrality
of a multivariate point by a number while satisfying certain properties re-
garding invariance, monotonicity, convexity, and continuity. Accordingly,
several notions of multivariate depth have been proposed in the literature,
and several depth-based tests have been offered for testing different types
of hypotheses in multivariate nonparametric settings. This paper presents
an overview of the depth function concept, precisely the Mahalanobis depth.
Then, we proposed a depth-based test statistic and derived its asymptotic
distribution based on the Taylor expansion. The methodology has been ver-
ified using a simulation study and a real data set. Calculations have been
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performed in R software, and R codes are available by request to the author.

Results and Discussion

In this paper, the asymptotic distribution of the mean of empirical Maha-
lanobis depth of a sample of random vectors has been achieved. The following
statistic has been employed to test the scale difference between two multi-
variate distributions. Then, simulation studies are carried out to explore
the behavior of the asymptotic distribution of the test statistic. Our empiri-
cal investigations show that the asymptotic null distribution is substantially
accurate for the sample size n = Yoo. Finally, to illustrate the method devel-
oped in this paper, we have applied the statistics on a well-known data set
to test the scale difference between three species of Iris. The results declare
that the scale differences are significant and coincide with previous studies
results.

Conclusion

Indeed, most statistics that arise in practice are average-like, and the statisti-
cian familiar with the asymptotic theory of averages can handle most statis-
tical asymptotic problems. This paper presents the asymptotic distribution
of a broad class of multivariate statistics approximated by averages. Ac-
cordingly, a depth-based statistic has been proposed to test scale differences
between two multivariate distributions, and its asymptotic distribution has
been derived. The procedure has been completed by approximating the mo-
ments of the statistic. The numerical results confirm the accuracy of the
asymptotic distribution.

Keywords: Multivariate scale test, Taylor series expansion, Asymptotic
distribution, Mahalanobis depth, Central limit theorem.
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