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Introduction

Count data are common in economics, epidemiology, engineering, and the
social sciences. When these data contain excessive zeros, conventional Pois-
son regression may produce biased estimates because it cannot distinguish
between structural and sampling zeros. Although the Zero-Inflated Pois-
son (ZIP) model addresses this limitation, its reliance on linear predictors
restricts its ability to capture complex nonlinear relationships. This study
proposes a likelihood-based ZIP Neural Network regression model that in-
tegrates the probabilistic framework of ZIP regression with the nonlinear
learning capability of deep neural networks. The proposed model simultane-
ously estimates the zero-inflation probability and the Poisson mean within
a unified framework, preserving statistical interpretability while improving
predictive performance. The model is evaluated using a real dataset on grad-
uate students’ publication counts and compared with conventional Poisson
regression, Poisson neural network regression, and the classical ZIP model.
The results demonstrate the effectiveness of the proposed approach for mod-
eling complex zero-inflated count data and its potential applicability to a
wide range of real-world problems.

Material and Methods

The proposed methodology integrates the probabilistic framework of ZIP re-
gression with a feedforward neural network to model both the structural-zero
mechanism and the Poisson count process simultaneously. Model parameters
were estimated by maximizing the Poisson log-likelihood using the backprop-
agation algorithm. The model was implemented in Python with the PyTorch
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framework and evaluated using a real-world dataset on graduate students’
publication counts. Its performance was compared with classical Poisson re-
gression, Poisson neural network regression, and conventional ZIP regression.
Predictive accuracy was assessed using the Mean Absolute Error (MAE) and
Root Mean Squared Error (RMSE), where lower values indicate better model
performance.

Results and Discussion

The proposed ZIP Neural Network regression model outperformed conven-
tional Poisson regression, Poisson neural network regression, and the classical
ZIP model in analyzing count data with excessive zeros. Results obtained
from a real-world dataset showed lower prediction errors and more accu-
rate estimation by simultaneously modeling structural zeros and the Poisson
count process. By integrating likelihood-based statistical modeling with deep
neural networks, the proposed framework preserves the interpretability of the
ZIP model while improving predictive performance. These findings highlight
its potential as an effective tool for analyzing complex zero-inflated count
data across various scientific fields.

Conclusion

This study proposed a likelihood-based ZIP Neural Network regression model
that combines the probabilistic framework of ZIP regression with the non-
linear learning capability of deep neural networks. The proposed approach
provides an effective and interpretable framework for modeling zero-inflated
count data with improved predictive performance. It offers broad potential
for applications in economics, epidemiology, engineering, and other fields
involving count data. Future research may extend this framework to more
general count-data distributions and advanced neural network architectures.

Keywords:Zero-Inflated Poisson Regression,Deep Poisson Regression, Neural
Networks, Multilayer Perceptron, Count Data.
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