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Introduction

In classical statistics, the assumption of Normality is a basic assumption in
all models and statistical hypotheses. But in many models, selection often
leads to departures from these assumptions, resulting in skew and thick tails.
Naturally, using classical models for these observations results in errors and
causes unrealistic decisions. One ancient way of making these observations
is to normalize using transformations. But in addition to these transforma-
tions, there are causes of hardness due to the interpretation of the results.
When the data skewness is greater, the mean and variance are related, and
the basic conditions of Normality and independence are violated. So finding
a transformation that disappears this relation is impossible. The researchers
were attempting to replace distribution-based models with more applicable
ones. One of these distributions is the Laplace distribution and its exten-
sions, due to their heavy tails and skewness. Some extensions of the Laplace
distribution include the skew-Laplace, which is applicable under symmetry
and skewness conditions and provides a robust fit across a range of condi-
tions. Also, when the population has characteristics beyond the above, it
can be modeled using a mixture of skew-Laplace distributions. When an
inhomogeneous population with several sub-populations is considered, other
rates are not responsible.
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Material and Methods

The Normality of data has been the basic assumption of all statistical mod-
els and tests. However, we often deal with data for statistical modeling that
violates this assumption. One such alternative distribution is the Laplace dis-
tribution and its extensions. There are extensions of the Laplace distribution
called the Laplace-Skew distribution that can be used in both symmetrical
and skewed conditions, and provide robust fits under different conditions.

Results and Discussion

The frequentist formulation of the skew-Laplace mixed regression model de-
veloped by the authors of this article is introduced. The Bayesian approach
to the skew-Laplace mixed regression is developed. We then conduct a sim-
ulation study, and the results of both the Laplace and skew-Laplace mixed
model approaches are compared.

Conclusion

Traditional statistical models rely on the normality assumption, which is of-
ten invalid for real-world data that is skewed, heavy-tailed, or multimodal.
To overcome this, skew-Laplace distributions, generalizations of the Laplace
distribution, provide a flexible approach capable of modeling both skew-
ness and symmetry, while handling extreme data. Using mixed models with
these flexible distributions yields superior results for heterogeneous data.
This study employed a Bayesian approach to skew-Laplace finite-mixed re-
gression. The Bayesian method is advantageous for mixed models, providing
reliable fits and better handling of small samples than frequentist methods.
The research showed that the Bayesian fit outperforms the frequentist fit.
Crucially, the skew-Laplace mixture model works well for both skewed and
symmetric subpopulations, whereas the simpler Laplace-based model per-
forms poorly when the data is skewed.

Keywords: Gibbs Algorithm, Laplace distribution, Skew-Laplace distribu-
tion, Mixture regression, Metropolis-Hastings algorithm.
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