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This study aimed to predict the bankruptcy risk of firms listed on the stock exchange using | Initial Publish: 17 June 2026
machine learning algorithms and financial statement data and to identify the most
influential predictors of bankruptcy risk. This applied quantitative study employed a
descriptive—analytical design. The statistical population consisted of companies listed on
the stock exchange during the 2018-2024 period. Eligible firms were selected through a screening process based on data
availability and consistency criteria. Financial data were extracted from audited financial statements, annual reports, and
financial databases. Two machine learning algorithms, Random Forest (RF) and Balanced Random Forest (BRF), were used to
predict bankruptcy risk. Model performance was evaluated using Area Under the Curve (AUC), Accuracy, Precision, Recall,
and Fl-score. Feature Importance analysis was conducted to determine the contribution of each predictor, while the
Generalized Method of Moments (GMM) was employed to examine dynamic relationships among variables. The results
indicated that the Random Forest model achieved an overall accuracy of 0.855 with an AUC of 0.453; however, it showed
limited ability to identify bankrupt firms. In contrast, the Balanced Random Forest model demonstrated superior performance
in detecting financially distressed companies despite a slightly lower overall accuracy (0.824). The BRF model yielded
Precision, Recall, and F1-score values of 0.333, 0.211, and 0.258, respectively. Confusion matrix results further confirmed the
greater sensitivity of the balanced model toward the minority class. Feature importance analysis revealed that institutional
ownership, accounts turnover ratio, earnings-to-price ratio, and cash-to-sales ratio were among the most influential variables
in predicting bankruptcy risk. The findings suggest that machine learning techniques, particularly the Balanced Random Forest
algorithm, provide an effective framework for the early identification of firms facing bankruptcy risk. Integrating financial
indicators with ownership structure and corporate governance variables can enhance predictive performance and support
more informed decision-making by investors, managers, and financial analysts.
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Extended Abstract

Introduction

Corporate bankruptcy remains one of the most critical challenges in capital markets because of its substantial
consequences for investors, creditors, managers, regulators, and the broader financial system. The failure of firms not only
results in the destruction of shareholder value but may also contribute to financial instability, reduced market confidence,
and systemic risk transmission. Traditional financial theory has long emphasized the relationship between risk and return,
suggesting that market participants continuously evaluate risk when making investment decisions. However, contemporary
research indicates that firm-specific characteristics and financial vulnerabilities often provide stronger signals of impending
failure than broad market indicators alone (Abad, 2025; Asimit & Li, 2017; Clements & Liao, 2020).

Financial distress and bankruptcy prediction have therefore become central topics in accounting, finance, and risk
management literature. Early identification of financially troubled firms enables investors to make more informed portfolio
decisions, allows creditors to manage credit risk more effectively, and provides managers with opportunities to implement
corrective actions before financial deterioration becomes irreversible. Previous studies have demonstrated that indicators
derived from financial statements, including profitability, liquidity, leverage, and operational efficiency ratios, contain
valuable information regarding a firm's future financial health (Hamidi et al., 2024; Jamil, 2023).

Recent developments in financial markets have further highlighted the importance of accurate bankruptcy prediction
systems. High-profile corporate failures and financial crises have demonstrated how weaknesses in risk management,
governance structures, and financial oversight can escalate into major systemic events. The collapse of Credit Suisse serves
as a contemporary example of how unresolved financial vulnerabilities may trigger severe institutional consequences and
broader market disruptions (Alshater, 2026). Similarly, research has shown that external shocks such as natural disasters,
macroeconomic uncertainty, and environmental disruptions can significantly affect firms’ investment behavior and financial
stability, thereby increasing bankruptcy risk (Yang et al., 2026).

The growing complexity of financial markets has challenged the effectiveness of traditional statistical bankruptcy
prediction models. Conventional approaches such as discriminant analysis, logistic regression, and survival analysis often rely
on restrictive assumptions regarding variable distributions and linear relationships. While these models have contributed
significantly to bankruptcy research, they may struggle to capture the nonlinear interactions and multidimensional patterns
that characterize modern financial datasets. Consequently, researchers have increasingly turned toward artificial intelligence
and machine learning techniques to improve predictive performance.

Artificial intelligence offers several advantages for financial forecasting. Machine learning algorithms can process large
volumes of structured and unstructured data, identify hidden patterns, and model complex nonlinear relationships without
imposing strict statistical assumptions. Research has shown that Al-based systems can improve budgeting efficiency, enhance
financial decision-making processes, and provide more accurate predictions than many conventional analytical methods
(Kermani & Sadeghi-Manesh, 2024; Sharifi, 2023). These capabilities have encouraged the adoption of machine learning
approaches in various financial applications, including stock return forecasting, risk assessment, fraud detection, and
bankruptcy prediction.

In the context of capital markets, Al-driven models have demonstrated considerable potential for identifying financial
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shown that machine learning algorithms can successfully predict negative stock returns and uncover hidden relationships
among financial variables (Dalili et al., 2025). Likewise, qualitative investigations have emphasized the transformative role of
machine learning and artificial intelligence in financial and managerial analysis, suggesting that these technologies can
significantly improve forecasting quality and strategic decision-making (Asadi et al., 2025).

Beyond financial ratios, several organizational and governance-related factors have been identified as important
determinants of bankruptcy risk. Corporate reputation, ownership structure, governance quality, and organizational
networks may influence financial resilience and market perceptions. Firms with stronger reputations often experience lower
financial risk and greater investor confidence, reducing their vulnerability to financial distress (Khatanlou et al., 2025).
Similarly, network-based analyses have demonstrated that organizational interdependencies may contribute to risk
transmission across firms and markets, highlighting the importance of structural characteristics in financial stability
assessments (Al-Hafi et al., 2025).

The reliability of financial information also plays a critical role in bankruptcy prediction. Financial statements constitute
the primary source of information for evaluating firm performance and financial health. However, the usefulness of these
reports depends on the quality and transparency of financial reporting practices. Research has shown that creative accounting
techniques can distort financial information, reduce transparency, and increase the likelihood of corporate bankruptcy by
masking underlying financial weaknesses (Pourghaffar & Eghbal Mazraeh, 2025). Therefore, effective bankruptcy prediction
models must not only utilize financial indicators but also account for the quality and reliability of the information being
analyzed.

Market information and investor behavior further influence financial risk assessment. News dissemination, investor
sentiment, and information flows have been shown to affect stock returns and risk perceptions. Research demonstrates that
news analysis can improve systematic risk assessment and provide valuable insights into market behavior (Memarpour et al.,
2025). Moreover, investor sentiment significantly affects sectoral returns, while misinformation and fake news may create
substantial economic consequences and distort market expectations (Bakir & McStay, 2018; Curatola et al., 2016). These
findings underscore the importance of integrating advanced analytical techniques capable of processing complex information
environments.

Although prior studies have investigated various dimensions of financial distress, bankruptcy prediction, and artificial
intelligence applications, relatively limited research has focused on comparing machine learning algorithms for bankruptcy
prediction using financial statement data within the Iranian stock market context. Furthermore, the identification of the most
influential financial and structural variables contributing to bankruptcy prediction remains an important research challenge.
Accordingly, this study sought to predict bankruptcy risk among listed companies using machine learning algorithms and
financial statement information while identifying the variables with the greatest predictive importance.

Methods and Materials

This study employed an applied quantitative research design with a descriptive—analytical approach. The statistical
population consisted of companies listed on the stock exchange during the period from 2018 to 2024. Firms were selected
using a screening procedure based on data availability, consistency of financial reporting, and continuity of operations
throughout the study period. Financial institutions, banks, insurance companies, and financial intermediaries were excluded

due to their distinct financial structures and regulatory environments.
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The required data were extracted from audited financial statements, annual reports, and official financial databases.
Variables included financial ratios, operational indicators, ownership-related measures, and firm-specific characteristics such
as company size, age, market share, industrial concentration, and cash flow measures. Bankruptcy risk served as the
dependent variable.

Two machine learning algorithms were utilized to predict bankruptcy risk: Random Forest (RF) and Balanced Random
Forest (BRF). The Balanced Random Forest algorithm was specifically employed to address the class imbalance problem
arising from the relatively small number of bankrupt firms compared with healthy firms. Model performance was evaluated
using multiple indicators, including Accuracy, Precision, Recall, F1-score, Receiver Operating Characteristic (ROC) curves, and
Area Under the Curve (AUC). Feature importance analysis was conducted to determine the relative contribution of each
predictor to bankruptcy classification. In addition, dynamic panel data analysis using the Generalized Method of Moments
(GMM) was applied to examine relationships among the study variables and assess the robustness of findings.

Findings

The results revealed notable differences between the two machine learning models. The Random Forest model achieved
an overall accuracy of approximately 0.855 and an AUC value of 0.453. Despite its relatively high overall classification
accuracy, the model demonstrated poor performance in identifying bankrupt firms. Precision, Recall, and F1-score values
were close to zero, indicating a strong tendency toward classifying observations as non-bankrupt firms.

In contrast, the Balanced Random Forest model achieved an overall accuracy of approximately 0.824 and an AUC value of
0.426. Although its overall accuracy was slightly lower, the model demonstrated substantially better performance in
identifying firms at risk of bankruptcy. The model produced Precision, Recall, and Fl-score values of approximately 0.333,
0.211, and 0.258, respectively, indicating improved sensitivity toward the minority class.

The confusion matrix analysis further confirmed these findings. The Random Forest model correctly identified nearly all
non-bankrupt firms but failed to detect bankrupt companies effectively. Conversely, the Balanced Random Forest model
successfully identified several bankrupt firms, although some false-positive classifications remained. These results suggest
that balancing techniques improved the model’s ability to recognize financially distressed firms.

Feature importance analysis identified institutional ownership, accounts turnover ratio, earnings-to-price ratio, and cash-
to-sales ratio as the most influential predictors of bankruptcy risk. Additional variables related to firm characteristics and
governance structures also contributed meaningfully to model performance. The findings indicate that both financial
indicators and governance-related variables play important roles in distinguishing bankrupt firms from healthy companies.

Descriptive analyses demonstrated that bankruptcy risk remained relatively stable throughout the study period, with
average risk measures fluctuating within a limited range. Comparisons across firm-size quartiles revealed only minor
differences in average bankruptcy risk, suggesting that company size alone was not a decisive determinant of financial distress
within the sample.

Discussion and Conclusion

The findings demonstrate that machine learning algorithms provide valuable tools for bankruptcy prediction and financial
risk assessment. While the Random Forest model achieved higher overall accuracy, its inability to identify bankrupt firms

effectively limits its practical usefulness for early warning purposes. The Balanced Random Forest model, despite slightly
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lower overall accuracy, offered superior detection of financially distressed firms and therefore represents a more appropriate
approach for bankruptcy prediction in imbalanced financial datasets.

The results highlight the importance of considering class imbalance when developing predictive models for rare financial
events. In bankruptcy prediction, identifying distressed firms is often more valuable than maximizing overall classification
accuracy. Consequently, evaluation metrics such as Recall and F1-score should receive greater emphasis than accuracy alone
when assessing model effectiveness.

The identification of institutional ownership, liquidity-related indicators, valuation measures, and operational efficiency
variables as key predictors suggests that bankruptcy risk is shaped by a combination of financial performance and governance
characteristics. Firms exhibiting weaknesses in cash generation, operational efficiency, and ownership monitoring appear
more vulnerable to financial distress. These findings reinforce the importance of integrating both financial and structural
indicators into predictive systems.

The study further demonstrates that artificial intelligence can enhance financial analysis by uncovering complex
relationships that may not be detectable through traditional statistical approaches. As financial markets become increasingly
complex and data-rich, machine learning methods are likely to play an increasingly important role in risk management,
investment analysis, and corporate monitoring.

Overall, the findings indicate that machine learning algorithms, particularly Balanced Random Forest models, offer
significant potential for the early identification of bankruptcy risk among listed firms. The integration of financial statement
information with governance and ownership variables can improve predictive performance and provide valuable decision-
support tools for investors, managers, creditors, and regulatory authorities. The development of more sophisticated Al-driven
early warning systems may contribute to improved financial stability, enhanced risk management practices, and more

efficient capital market operations in the future.
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