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Introduction

Mixed effects is one of the powerful statistical approaches used to model the
relationship between the response variable and some predictors in analyzing
data with a hierarchical structure. Estimating parameters in these mod-
els is often done via either the least squares error or maximum likelihood
approaches. The estimated parameters obtained through either of these ap-
proaches could be more efficient if the error distributions are non-normal.
In such cases, using the mixed effects quantile regression is preferred al-
ternatively. Moreover, when the number of variables studied increases, the
penalized mixed effects quantile regression is one of the best methods to gain
prediction accuracy and the model’s interpretability. We propose a new tool
to model the hierarchical structural data by introducing the penalty, a func-
tion of random effects and fixed effects. This new idea can simultaneously
estimate the parameters and predict random effects. We can then make fur-
ther statistical inferences on the parameters using the likelihood function
built based on modeling such as a new penalized mixed effects quantile re-
gression model.

Material and Methods

In this paper, under the assumption of an asymmetric Laplace distribution
for random effects, we proposed a double penalized model in which both
the random and fixed effects are independently penalized. Then, invoking a
standard algorithm to estimate the parameters using the likelihood approach
constructs our subsequent step in modeling the data. Since the likelihood
function had no tractable form, we considered the EM algorithm to approx-


https://orcid.org/0009-0006-8232-0906
https://orcid.org/0000-0002-8481-599X

imate the integrals. To do so, we also extended the previously proposed
algorithm to derive the maximum likelihood estimate of the parameters.

Results and Discussion

The performance of the new method proposed in this paper is evaluated in the
simulation studies, and a discussion of the results is presented along with a
comparison with some competing models. Our simulation experiments show
that in addition to the robustness of the presented method, it performs bet-
ter compared to the types of penalty in the model based on different penalty
parameters. Applying the proposed model in real data analysis also showed
that the new idea works well compared with some standard tools. The ex-
citing feature of the double-penalized model is on confining the computation
procedure to estimate only one tune parameter because the other one is op-
timized, using the samples and updated components while implementing the
algorithm. Our results showed that considering a lower value for the tuning
parameter of penalizing the fixed effects is preferred. We cannot recommend
choosing a specific distribution for the random effects while using our pro-
posed model. However, we can assure that our model does the same task as
other competing models do in this regard.

Conclusion

The model presented in this paper is a double penalized model, which is a
function of random effects and model parameters. In this paper, we achieved
the optimal shrinkage for the effects using the simulated and real data. Simi-
lar to some standard methods, the degree of shrinkage for the random effects
in our model depends on the tuning parameter selection. We aim to study
the efficiency of our proposed model while one prefers to follow a Bayesian
approach. Also, correctly choosing the penalty parameters from a theoretical
viewpoint is another proposal for future research.
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