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Abstract: this article explores the application of rule-based machine learning, 

specifically decision trees, for predicting corporate bankruptcy within a hierarchical 

framework. Using a dataset from the Taiwan Economic Journal (1999–2009), the study 

evaluates the economic performance indicators that critically influence financial dis-

tress. The decision tree model achieved an error rate of 1.6%, outperforming neural 

networks (2.67%) and Kohonen maps (2.98%). The most significant factors identified 

include Persistent EPS (22.4%), Working Capital to Equity ratio (20.1%), and Pretax 

Income to Capital (15.5%). The results provide a transparent, scalable tool for inves-

tors and creditors to mitigate financial risks. 
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МАШИННОЕ ОБУЧЕНИЕ НА ОСНОВЕ ПРАВИЛ  

В ИЕРАРХИЧЕСКОЙ МОДЕЛИ ДЛЯ ПРОГНОЗИРОВАНИЯ 

КОРПОРАТИВНОГО БАНКРОТСТВА 

Аннотация: в статье исследуется применение машинного обучения на ос-

нове правил, в частности деревьев решений, для прогнозирования корпоратив-

ного банкротства в рамках иерархической модели. На основе набора данных из 

Taiwan Economic Journal (1999–2009 гг.) в исследовании оцениваются показа-

тели экономической эффективности, критически влияющие на финансовую 

несостоятельность. Модель дерева решений достигла уровня ошибки 1,6%, пре-

взойдя нейронные сети (2,67%) и карты Кохонена (2,98%). Наиболее значимыми 

выявленными факторами стали: устойчивая прибыль на акцию (Persistent EPS) 

(22,4%), коэффициент отношения оборотного капитала к собственному капи-

талу (Working Capital to Equity ratio) (20,1%) и отношение прибыли до налогооб-

ложения к капиталу (Pretax Income to Capital) (15,5%). Полученные результаты 
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предоставляют прозрачный и масштабируемый инструмент для инвесторов и 

кредиторов с целью минимизации финансовых рисков. 

Ключевые слова: машинное обучение, иерархическая модель, экономическая 

эффективность, прогнозирование банкротства, финансовое состояние, дерево 

решений. 

Introduction: forecasting corporate bankruptcy plays a pivotal role in modern eco-

nomic stability, protecting investors, creditors, and employees from severe financial 

disruptions. Early risk detection enables companies to optimize resource management 

and adapt to market challenges. While complex neural networks offer high predictive 

capabilities, their «black-box» nature limits stakeholder trust. Rule-based machine 

learning, particularly decision trees, provides an interpretable, hierarchical framework 

that automatically identifies key financial factors, facilitating informed and transparent 

decision-making in risk management. 

Materials and Methods: the empirical base of the study comprises financial rec-

ords from the Taiwan Economic Journal spanning 1999 to 2009. The dataset includes 

diverse economic indicators reflecting liquidity, profitability, and capital structure. 

Data preprocessing involved imputing missing values and applying correlation analysis 

with a 0.1 threshold to eliminate multicollinearity and insignificant variables. The pri-

mary modeling tool is the decision tree algorithm, which partitions the data space into 

hierarchical nodes based on attribute thresholds. This method is highly effective for 

economic datasets as it handles non-linear dependencies, requires minimal data nor-

malization, and inherently performs feature selection, outputting a transparent hierar-

chy of decision rules. 

Results: the comparative analysis of ML techniques revealed the superiority of the 

decision tree in both accuracy and interpretability for this specific financial domain. 

- Neural Network: Yielded an error rate of 2.67%. 

- Kohonen Maps: Resulted in a 2.98% error, struggling with the high dimension-

ality of financial ratios. 
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- Decision Tree: Achieved the lowest error rate of 1.6%. The hierarchical structure 

of the tree isolated the most critical predictors of bankruptcy: 

1. Persistent EPS in the Last Four Seasons (Net Income): Significance of 22.4%, 

highlighting the paramount importance of sustained profitability. 

2. Working Capital / Equity: Significance of 20.1%, reflecting short-term finan-

cial resilience and liquidity. 

3. Pretax Income / Paid-in Capital: Significance of 15.5%, indicating the effi-

ciency of capital utilization. 

4. Cash / Total Assets (8.5%) and Net Income to Stockholder's Equity (6.2%) fur-

ther reinforced the dominance of liquidity and return-on-equity metrics in distress pre-

diction. 

Conclusion: the implementation of rule-based ML in a hierarchical framework 

provides a robust, transparent mechanism for early bankruptcy detection. The decision 

tree's 1.6% error rate and explicit attribute significance empower stakeholders to focus 

on critical financial health indicators, such as sustained EPS and working capital ratios. 

This approach not only minimizes investment risks but also contributes to the broader 

stability of the financial market by enabling proactive corporate restructuring. Future 

work will explore ensemble tree methods to capture complex macroeconomic interac-

tions. 
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