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Introd
Inan erama ancements in data analytics and increasing
corporate the detection of financial fraud has become a

ders across the global business landscape.
Traditional fraudy detection systems have primarily focused on
analyzing financial\ data, often at the expense of overlooking non-
financial metric t may equally signal fraudulent activities. This
oversight is significant considering the growing evidence suggesting
that non-financial indicators, particularly Environmental, Social, and
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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, nding beyond mere
financial disclosures to include broader sustainab®ity and governance
factors. Indeed, the integration of these diverse data sources promises a
more holistic approach to fraud detecti igni
demands for corporate responsibility and e
research presented in this paper builds on this
advanced machine learning (ML) and de
analyze a combination of financial and non-financial metrics. The
study's innovative approagh levera e worth of data from
over 6000 public comparies,uti ty of ML and DL models
to explore the effica ts in predicting fraudulent
activities more effectivel itional methods. The findings aim
to contribute
applications in

nce, offering valuable insights for
cymakers committed to upholding the
highest sta te ethics and governance. By synthesizing
complex data s lying sophisticated analytical techniques, this
research u the potential of ML and DL models to
revolutionize fralg detection, setting a new standard for both the scope
and depth of fraudfanalysis.

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
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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 prisk and governance
strategies, and improving fraud predictio curacy in line with
emerging standards of corporate accountability an@htransparency.

Method:

This study employs a sophisticated anal
learning (ML) and deep learning (DL) to
detection, leveraging a rgbust dat at_in
financial indicators and Envi
metrics from over 600

using machine
financial fraud
des both traditional
d Governance (ESG)
orldwide. These metrics,

sourced from reputa ch as Thomson Reuters ASSET4,
are crucial for advanced agalyseSyThe methodology involves thorough
data preproces&iincludl dling missing values, normalizing
data, and.encodingcategagicabvariables, with a focus on balancing the
dataset us i chniques to counter class imbalance and
improve mod tion for detecting rare fraudulent cases.

The research
Decision Trees,

sly evaluates various ML and DL models like
aive Bayes, SVM, CNN, LSTM, and ensemble
methods such as Bagging, Extra Trees, and Random Forests. The
models are trai 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
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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 IearninJ\ L) and deep learning
(DL) algorithms. Results highlight the enhanced performance of fraud
detection models when using combinations of cial and ESG
metrics. Notably, the Extra Tree classifi algorithms
included
both types of metrics. The use of oversampli iques proved
crucial in improving detection rates f ent cases, thus

balancing the dataset and reducing bias.

Models integrating bot
outperformed those usiflg o
precision, recall, a 1

multidimensional approagh i
the Matthews G@rgglation

data consistently
da pe, enhancing accuracy,
his underscores the value of a
etection. Advanced metrics like
nt (MCC) and the Area Under the
a nuanced assessment of model
C and AUC values indicating greater

ESG metri
companies tha

practices.

ularly effective in identifying potential fraud in
ight appear financially sound but engage in unethical

The findings r mend 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
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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 yachine learning (ML)
and deep learning (DL) in detecting financial fraud, highlighting the
integration of Environmental, Social, and Govern (ESG) metrics
with traditional financial data to enrich datasets and ance model

ESG metrics show superior performance in ision, recall,
and F1 score, improving anomaly detecti rediction. The
use of oversampling techniques addresses balance issues,
and boosting the

performance of ensemb&

The findings highng@me iti
corporate governance andhfi
into non-finan‘a\behaw

agement, providing deeper insights
indicate potential risks, which

supports, more ifforme 1on-making and boosts transparency.
Future re i igate real-time fraud detection systems
and the use sed and semi-supervised models to adapt to
evolving f Practitioners are encouraged to adopt advanced

machine lear
incorporating E
accuracy and reli
and setting new

(ML) and deep learning (DL) techniques,
metrics to improve fraud detection systems'
lity, aligning with sustainable business practices
dards in fraud detection technology.

Keywords: Fraud detection intelligent systems, deep learning, machine
learning, financial metrics, non-financial metrics (ESG).
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