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Most traditional fraud detection systems primarily focus on financial
criteria to identify financial fraud, often overlooking the potential for
fraudulent companies to engage in various types of non-financial
misconduct. Recent studies have predominantly highlighted the
significance of financial data as the sole indicator of fraud, neglecting
the exploration of non-financial or Environmental, Social, and
Governance (ESG) metrics as supplementary predictors. This research
aims to enhance fraud prediction by integrating financial and ESG
data through sophisticated machine learning and deep learning
models. It examines the effectiveness of supervised machine learning
and deep learning algorithms in detecting financial fraud over a 10-
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year period ending in 1401. This study innovatively demonstrates that
a hybrid model, which combines financial and non-financial criteria,
yields superior predictive accuracy for financial fraud than models
based solely on financial data. The results of this study, addressing the
first research question, indicate that among various machine learning
and deep learning algorithms, the classification or bagging algorithm
demonstrated superior efficiency. Furthermore, in response to the
second research question, it was found that the dataset encompassing
all features—integrating both financial and non-financial data—
outperformed those datasets limited to either financial or non-financial
data alone. The research results indicated that the bagging machine
learning algorithms act the best with combined feature set including
financial and ESG metrics combined. The adoption of the proposed
model significantly improves the accuracy and effectiveness of fraud
detection systems.

Introduction

In an era marked by rapid advancements in data analytics and
increasing corporate accountability, the detection of financial fraud
has become a priority for stakeholders across the global business
landscape. Traditional fraud detection systems have primarily focused
on analyzing financial data, often at the expense of overlooking non-
financial metrics that may equally signal fraudulent activities. This
oversight is significant considering the growing evidence suggesting
that non-financial indicators, particularly Environmental, Social, and
Governance (ESG) metrics, can provide critical insights into the
operational integrity of organizations.

Literature Review

Recent scholarly works and industry reports have highlighted a
significant shift towards integrating ESG metrics with financial data to
enhance the predictive accuracy of fraud detection systems. This
integration reflects an expanded understanding of what constitutes
corporate transparency and accountability, extending beyond mere
financial disclosures to include broader sustainability and governance
factors. Indeed, the integration of these diverse data sources promises
a more holistic approach to fraud detection, aligning with
contemporary demands for corporate responsibility and ethical
business practices. The research presented in this paper builds on this
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foundation by employing advanced machine learning (ML) and deep
learning (DL) algorithms to analyze a combination of financial and
non-financial metrics. The study's innovative approach leverages a
decade's worth of data from over 6000 public companies, utilizing a
variety of ML and DL models to explore the efficacy of integrated
datasets in predicting fraudulent activities more effectively than
traditional methods. The findings aim to contribute not only to
academic discourse but also to practical applications in corporate
governance, offering valuable insights for regulators, investors, and
policymakers committed to upholding the highest standards of
corporate ethics and governance. By synthesizing complex data sets
and applying sophisticated analytical techniques, this research
underscores the potential of ML and DL models to revolutionize fraud
detection, setting a new standard for both the scope and depth of fraud
analysis.

Objective

The primary goal of this research is to improve financial fraud
detection in public enterprises by integrating Environmental, Social,
and Governance (ESG) metrics with traditional financial data, using
machine learning (ML) and deep learning (DL) techniques. This
approach addresses the limitations of traditional systems that focus
mainly on financial indicators, often missing non-financial signs of
fraud. This study rigorously tests various ML and DL models trained
on ESG-enriched datasets against those using only financial data,
exploring whether a holistic approach can enhance fraud
predictiveness. The research aims to offer a broader view of company
operations, in line with sustainable practices, potentially shifting how
data science is applied in fraud detection. Ultimately, this study seeks
to enrich discussions on integrating financial and non-financial data in
fraud detection, influencing future corporate risk and governance
strategies, and improving fraud prediction accuracy in line with
emerging standards of corporate accountability and transparency.

Method

This study employs a sophisticated analytical approach using machine
learning (ML) and deep learning (DL) to enhance financial fraud
detection, leveraging a robust dataset that includes both traditional
financial indicators and Environmental, Social, and Governance
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(ESG) metrics from over 6000 public companies worldwide. These
metrics, sourced from reputable databases such as Thomson Reuters
ASSET4, are crucial for advanced analyses. The methodology
involves thorough data preprocessing, including handling missing
values, normalizing data, and encoding categorical variables, with a
focus on balancing the dataset using oversampling techniques to
counter class imbalance and improve model generalization for
detecting rare fraudulent cases.

The research rigorously evaluates various ML and DL models
like Decision Trees, Naive Bayes, SVM, CNN, LSTM, and ensemble
methods such as Bagging, Extra Trees, and Random Forests. The
models are trained and tested on divided datasets to assess their
effectiveness using metrics like accuracy, precision, recall, F1-score,
and the Matthews Correlation Coefficient (MCC), with extensive
validation techniques including cross-validation to ensure stability and
prevent overfitting. The models' performance is compared with
baseline models that use only financial data, highlighting the benefits
of integrating ESG metrics for deeper insights and enhanced
predictiveness in fraud detection.

Results

This study evaluates the integration of Environmental, Social, and
Governance (ESG) metrics with traditional financial data in detecting
financial fraud using various machine learning (ML) and deep
learning (DL) algorithms. Results highlight the enhanced performance
of fraud detection models when using combinations of financial and
ESG metrics. Notably, the Extra Tree classifier and bagging
algorithms excelled, particularly when analyzing balanced datasets
that included both types of metrics. The use of oversampling
techniques proved crucial in improving detection rates for rare
fraudulent cases, thus balancing the dataset and reducing bias.

Models integrating both financial and ESG data consistently
outperformed those using only one data type, enhancing accuracy,
precision, recall, and F1 score. This underscores the value of a
multidimensional approach in fraud detection. Advanced metrics like
the Matthews Correlation Coefficient (MCC) and the Area Under the
ROC Curve (AUC) provided a nuanced assessment of model
performance, with higher MCC and AUC values indicating greater
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effectiveness in identifying fraudulent activities. The integration of
ESG metrics was particularly effective in identifying potential fraud in
companies that might appear financially sound but engage in unethical
practices.

The findings recommend that companies, regulatory bodies, and
technology developers adopt integrated approaches that encompass
both financial and ESG data to improve fraud detection. Future
research could focus on real-time data integration and more complex
models like hybrid deep learning frameworks to further boost
detection capabilities. The study demonstrates that using ESG metrics
alongside financial data with advanced ML techniques significantly
improves the accuracy and reliability of fraud detection systems,
aligning with sustainable business practices and setting the stage for
future innovations in fraud detection. This comprehensive approach
not only yields superior performance but also enhances the model's
capabilities, emphasizing the effectiveness of combining financial and
non-financial data.

Conclusion

This research significantly advances the use of machine learning (ML)
and deep learning (DL) in detecting financial fraud, highlighting the
integration of Environmental, Social, and Governance (ESG) metrics
with traditional financial data to enrich datasets and enhance model
predictive power. Models trained on datasets combining financial and
ESG metrics show superior performance in accuracy, precision, recall,
and F1 score, improving anomaly detection and fraud prediction. The
use of oversampling techniques addresses class imbalance issues,
enhancing sensitivity to rare fraudulent cases and boosting the
performance of ensemble methods like the Extra Tree classifier.

The findings highlight the critical role of ESG metrics in
enhancing corporate governance and risk management, providing
deeper insights into non-financial behaviors that indicate potential
risks, which supports more informed decision-making and boosts
transparency. Future research should investigate real-time fraud
detection systems and the use of unsupervised and semi-supervised
models to adapt to evolving fraud tactics. Practitioners are encouraged
to adopt advanced machine learning (ML) and deep learning (DL)
techniques, incorporating ESG metrics to improve fraud detection
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systems' accuracy and reliability, aligning with sustainable business
practices and setting new standards in fraud detection technology.

Keywords: Fraud Detection Intelligent Systems, Deep Learning,
Machine Learning, Financial Metrics, Non-Financial Metrics (ESG).
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