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In today's financial landscape, the prediction of corporate financial distress
plays a crucial role in risk management and economic stability. This study aims
to develop a hybrid predictive model that combines the Artificial Immune
System (AIS) with the Wavelet Neural Network (WNN) to forecast financial
distress in companies. The hybrid model leverages the strengths of both
algorithms to improve accuracy in identifying distressed firms based on
financial data. Utilizing a dataset of Tehran Stock Exchange-listed companies,
this research compares the performance of the hybrid model against traditional
methods like logistic regression and standalone neural networks. Results
demonstrate that the AIS-WNN hybrid model outperforms other techniques in
terms of prediction accuracy, sensitivity, and overall robustness. The findings
indicate that the proposed model provides a powerful tool for investors,
auditors, and policymakers to anticipate financial distress and make informed
decisions. This approach can be further expanded to other domains of financial
forecasting, contributing to the advancement of predictive analytics in the field.
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EXTENDED ABSTRACT

Introduction

In recent years, artificial intelligence (Al) has played an increasingly important role in analyzing
and predicting various economic and financial phenomena (Haroonkalaei & Barzegar, 2023). One key area
where Al has had a significant impact is in the prediction of corporate financial distress (Dong et al., 2024).
Financial distress, which can lead to bankruptcy, is a critical issue not only for company stakeholders but
also for the broader macroeconomy (Halteh et al., 2024). The ability to predict this situation can aid in better
risk management and more informed decision-making (Baghbid et al., 2021).

In today's complex business world, companies face numerous challenges that can lead to financial
distress. This condition not only affects companies and their shareholders but also has serious
consequences for employees, creditors, and even the national economy (Fereidoni et al., 2020). Early
detection of financial distress signs helps prevent bankruptcy and preserve corporate value (Song et al.,
2024). Consequently, predicting corporate financial distress has become an essential topic in financial
management and accounting (Ali Akbarloo et al., 2020).

Several theories have been proposed to analyze the factors influencing corporate financial health
and predict bankruptcy likelihood. One notable theory is Altman's model, which uses financial ratios and
statistical models to forecast a company’s financial condition (Qatabi et al., 2020). With advancements in
technology and computer science, Al algorithms, including wavelet neural networks, have gained
attention for their ability to detect complex and nonlinear patterns (Sheikhivand Subhan & Qayemi Saharaneh,
2019). These algorithms can use historical data to uncover hidden relationships and provide more accurate
predictions (Sadeghi & Zolfaghari, 2010).

Acrtificial immune systems, inspired by biological immune systems, aim to identify and eliminate
harmful elements in data (Abdolrazagh Nejad Majid & Adibian, 2020). These algorithms can be effective in
identifying companies with high risks of financial distress. Logistic regression, a traditional method, is
also used to predict bankruptcy by estimating the likelihood of an event based on independent variables
(Alavi & Memarian, 2021). However, predicting financial distress is a complex process that requires detailed
analysis of both financial and non-financial data (Azizi, 2021). Traditional statistical methods may not
capture this complexity, thus the need for more advanced and intelligent approaches (Fereidoni et al., 2020).
This study presents a hybrid predictive model that leverages the AIS and Wavelet Neural Network (WNN)
to predict corporate financial distress using data from companies listed on the Tehran Stock Exchange.

Methods and Materials

The methodology employed in this study was centered around developing a hybrid model that
combines AIS with WNN for financial distress prediction. The AIS is modeled after the human immune
system, and it functions to identify harmful patterns in financial data. WNN, on the other hand, is a form
of artificial neural network that incorporates wavelet transforms, enabling it to detect both linear and
nonlinear patterns in complex datasets.

The study used financial data from Tehran Stock Exchange-listed companies. Pre-processing
involved data cleaning, normalization, and feature selection to ensure the model's efficiency. The dataset
was divided into training and testing sets, where the hybrid model's performance was measured against
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traditional models like logistic regression and standalone WNN. Key performance metrics, including
accuracy, sensitivity, and F1 score, were used to evaluate the models.

Findings

The hybrid AIS-WNN model significantly outperformed both the logistic regression and
standalone WNN models. With a prediction accuracy of 95.4%, the hybrid model was more accurate than
the standalone WNN (91.08%) and logistic regression models (89.75%). In terms of sensitivity, the hybrid
model achieved a score of 96.05%, whereas the standalone WNN and logistic regression models scored
90.87% and 89.56%, respectively. The F1 score, a harmonic mean of precision and recall, was also higher
for the hybrid model, indicating better overall performance.

Key variables influencing financial distress, such as return on assets (ROA), debt-to-equity ratio,
and net profit margin, were more effectively captured and interpreted by the hybrid model. By integrating
both AIS and WNN, the model could detect intricate patterns that were overlooked by traditional models.
The results demonstrate that the hybrid model provides a more nuanced and accurate prediction of
financial distress, making it a valuable tool for both short-term and long-term financial risk management.

Discussion and Conclusion

The results obtained from the software execution in this thesis for predicting financial distress
show that the logistic regression method, despite considering the input parameters as independent as
possible, does not produce satisfactory results in terms of accuracy compared to other methods. The reason
for this is that logistic regression does not handle nonlinear problems accurately, as it provides better
results when approximating linear parameters. In fact, logistic regression creates linear boundaries, which
are not suitable for parameters with nonlinear behavior. Various types of neural networks perform better
in handling nonlinear behavior. The wavelet neural network has shown better performance in these
experiments. Given the nature of neural networks, there is no significant difference between the two
methods in determining financial distress. Since they exhibit similar behavior, combining these two
methods also does not lead to significantly higher accuracy, as they have almost the same strengths and
weaknesses.
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