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Abstract

Financial fraud represents one of the most complex phenomena in capital markets, driven by
multifaceted factors and diverse actors. This study aims to develop a dynamic model of
financial reporting fraud from an ethical perspective by integrating evolutionary game theory
and deep neural networks. Primary data were gathered using a researcher-designed
questionnaire and the Delphi technique from three key stakeholder groups in Iran: corporate
managers (n = 152), auditors (n = 123), and capital market regulator (n = 31). To mitigate
uncertainty in expert judgments, the initial model parameters were fuzzified using Type-3
fuzzy logic in logistic mode. Subsequently, Bayesian calibration and Convolutional Neural
Network (CNN) training were executed simultaneously within a feedback loop. The CNN
architecture which demonstrated superior performance in capturing behavioral dynamics
compared to Long Short-Term Memory (LSTM) and Recurrent Neural Networks (RNN)
simulated player strategic interactions, whereby neural-network-generated game outputs
updated the Bayesian posterior until convergence. Leveraging the calibrated parameters, the
tripartite evolutionary game was simulated to identify evolutionary stable strategies (ESS)
and conduct scenario analyses by varying ethical parameters. The findings indicate that the
adoption of ethical policies exerts the most pronounced influence on audit firms, followed by
listed companies and the regulator, respectively resulting in more rigorous auditing, a
reduction in financial fraud, and enhanced regulatory oversight.
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Introduction

Detecting financial fraud remains a fundamental
challenge for financial monitoring and control
systems because fraudulent behavior is dynamic,
adaptive, and adversarial. Traditional fraud
detection systems have become increasingly
inadequate for representing and simulating the
behavioral dynamics of fraud (Zhou et al., 2024).
Their limited ability to adapt to evolving fraud
strategies, high false-positive rates, and delayed
responses often undermines their effectiveness
(Chen et al., 2025). Financial fraud and
corporate misconduct threaten capital market
efficiency, leading to reputational damage
(Karpoff et al., 2008), increased financing costs
(Graham et al., 2008), reduced firm value
(Dechow et al., 2010), distorted resource
allocation (Kedia & Philippon, 2009), and
decreased market stability (Amiram et al., 2018).
Since audit firms play a crucial role in reducing
fraud and safeguarding the public interest, and
their reputation is threatened by poor-quality
audits (Friedrich et al., 2024), collusion with
clients is also considered detrimental to them
(Gerakos & Syverson, 2015). Therefore, the
need for audit firms to disclose misconduct
should be institutionalized as part of the ethical
behavior of this professional community
(Banimahd & Rezaei, 2021; Seifert et al., 2014).
Implementing this strategy can lead to
appropriate solutions for both auditors and the
auditing profession (Boiral et al., 2019).
Auditors’ overlooking of fraud will lead to
distrust in the capital market and in its regulator,
namely the  Securities and  Exchange
Organization. As the regulator of listed
companies and auditors’ performance, the
Securities and Exchange Organization must
continuously maintain and strengthen its level of
oversight in order to facilitate misconduct
reduction and fraud prevention.

Accordingly, financial fraud can be examined as
a three-player strategic interaction among listed
companies, audit firms, and the capital market
regulator, while incorporating ethical and
behavioral considerations. In this study, ethics is
conceptualized as a multidimensional construct
encompassing ethical awareness, judgment,
intention, behavior, and intensity (Trevino &
Nelson, 2021). Ethical awareness refers to

recognizing ethical issues, while judgment and
intention relate to evaluation and decision-
making; moral behavior refers to acting
consistently with one’s ethical judgments and
intentions (Rest, 1986).

Game theory provides a framework for complex
multi-player situations (Bekius & Gomes, 2023)
and structures decision-making (Rasmusen,
2007). Due to information asymmetry among
listed companies, audit firms, and the regulator,
the players cannot behave with perfect
rationality. This study addresses this gap by
developing a tripartite evolutionary game
involving the listed companies, audit firms, and
the SEO, while incorporating machine-learning
methods (Usman et al., 2024).

Despite the importance of these interactions,
prior research has either examined fraud
determinants in a static framework or focused on
bilateral interactions; however, in practice, the
behavior of these actors co-evolves through
strategic  interaction. Furthermore, existing
literature rarely examines the joint role of
economic parameters and ethical dimensions
within a dynamic framework. This study aims to
develop a dynamic modeling framework for
financial reporting fraud by integrating tripartite
evolutionary game theory with deep learning
methods, with the results expected to contribute
to the theoretical literature while providing
practical insights for policymakers and
regulators.

Methodology

The present study is an applied-developmental
research project in terms of purpose and an
exploratory-analytical study in terms of nature.
Three  complementary  approaches  were
employed in this study: evolutionary game
theory to analyze strategic interactions among
three players, fuzzy logic (Type 1, Type 2, and
Type 3) to reduce data uncertainty, and deep
neural networks to predict the dynamic behavior
of the players.

Data were collected wusing a researcher-
developed questionnaire and the Delphi method.
The questionnaire items were initially derived
from a systematic review of the literature. They
were then refined through semi-structured
interviews with 18 experts. The interviews
continued until theoretical saturation was
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reached. Two Delphi rounds were conducted for
final validation. Item retention was based on a
CVR threshold of 0.42, an overall mean CVI of
0.84, and an expert-consensus level of at least
80%. Of the 114 initial items, 100 final items
were retained, comprising 32 items for
companies, 36 items for audit firms, and 32
items for the regulator.

The three respondent groups comprised
managers of listed companies (152 respondents),
audit firms (123 respondents), and staff/members
of the supervisory authority of the Securities and
Exchange Organization (31 respondents).
Cronbach’s alpha coefficients for the ethical
constructs were 0.84, 0.81, and 0.90 across the
three populations, respectively. In addition,
Principal Component Analysis (PCA) was
employed to construct a composite ethical index.
The first principal component explained 61.46%,
56.54%, and 71.19% of the variance in the
company, audit-firm, and regulator groups,
respectively. Factor loadings ranged from 0.75 to
0.85, and the final component weights ranged
from 0.194 to 0.205.

Data fuzzification was performed using Type 1,
Type 2, and Type 3 fuzzy systems with normal
and logistic membership functions. The
comparative results indicated that the Type 3
fuzzy system in the logistic setting achieved
higher accuracy in modeling the data than the
other configurations. Since the performance of
fuzzy systems largely depends on the choice of
membership function, 12 different membership
functions were examined in this study (Huang et
al., 2023; Castillo et al., 2024). The optimal
membership  functions  were,  respectively,
Schaffer Type 4 for companies (error = 0.003),
Shubert for audit firms (error = 0.224), and
Schaffer Type 2 for the regulator (error = 0.369).
The tripartite evolutionary game involves three
players with binary strategies: listed companies
choose between fraudulent reporting (x) and
non-fraudulent reporting (1-—x); audit firms
choose between rigorous auditing (y) and weak
auditing (1—y); and the regulator chooses
between active supervision (z) and passive
supervision (1—z). The key parameters include
the company’s normal income (e;=0), fraud
benefit (k), bribe cost (c;), fraud penalty (p,),

audit contract income (r,), rigorous audit cost
(cy), weak audit cost (c3), audit penalty (p,), and
supervision cost (cs). Subsequently, nine
potential equilibrium points were obtained using
the dynamic equations. Finally, to analyze the
stability of the equilibrium points, the Jacobian
matrix method and Lyapunov stability criterion
were employed, and the point F(1,0,1) was
identified as the unique evolutionarily stable
strategy (ESS).

Results and Discussion

Four approaches were employed to predict
player  behavior: Bayesian  estimation,
Grossberg’s post-release method, support vector
machines, and deep neural networks. The deep
neural network approach achieved the highest
predictive accuracy, with the lowest error values
namely, a mean absolute forecast error (MAFE)
of 0.077 and a mean squared forecast error
(MSFE) of 0.008. Accordingly, player behavior
was predicted using the deep neural network
approach.

Among the various deep learning methods, four
models were examined: recurrent neural
networks (RNNSs), long short-term memory
networks (LSTMs), multilayer perceptrons
(MLPs), and convolutional neural networks
(CNNs). The results indicated the consistent
superiority of CNNs across all forecasting
horizons. Specifically, the CNN’s symmetric
mean absolute percentage error (SMAPE) was
0.1394 in the short term, 0.2997 in the medium
term, and 0.6343 in the long term. In the next
step, different deep learning architectures were
compared to identify the most appropriate
predictive structure. Ultimately, the third CNN
architecture was selected as the optimal
architecture.

In this study, Bayesian estimation is used to
estimate the model parameters, in which the
initial parameter values are specified as prior
distributions and then combined with the
maximum likelihood estimates derived from the
real data. Bayesian estimation yielded posterior
means: ¢; =0.178,c, =0.202,c; =0.301, c,
= 0.169, p; = 0.142, p, = 0.139, k = 0.177.
Ethical dimensions  demonstrated  robust
posterior  distributions: awareness (0.192),
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judgment (0.111), intention (0.136), behavior
(0.154), and intensity (0.190).

After calibrating the model parameters, this
section examines the initial behavioral
equilibrium among the three main players. The
purpose of this stage is to identify the system’s
baseline state before the implementation of
ethical scenarios, and then compare it with the
system state after applying anti-bribery-based
ethical scenarios. Subsequently, by
implementing all three scenarios with 25%, 50%,
and 75% increases, the results showed that audit
firms are the most sensitive player to ethical
changes because of their direct connection to
bribery incentives. After audit firms, the greatest
effect was observed for listed companies. This
indicates that strengthening ethics can reduce
companies’ incentives to move toward
opportunistic and fraudulent behaviors. Finally,
the effect of ethical constructs on the capital
market regulator was also positive, but its
magnitude was smaller than that observed for the
other two players. This difference may be due to
the fact that the regulator’s behavior depends not
only on ethical components, but also on
institutional and legal factors, incentive
structures, and the costs of monitoring
enforcement.

Conclusion

The evolutionary equilibrium analysis showed
that increasing the ethical state had the greatest
effect on enhancing rigorous auditing in firms,
followed by reducing fraud incentives in
companies and improving supervisory efficiency
in the Securities and Exchange Organization. In
other words, in the long run, strengthening
value-based ethical approaches not only
complements  punitive  and  supervisory
mechanisms, but in many scenarios creates
deeper and more durable deterrence than purely
financial penalties.

The theoretical implications of the study extend
deterrence theory by showing the equal
importance of ethical awareness and ethical
judgment alongside objective punishment. The
findings also enrich corruption theory by
explaining the moderating role of ethical
constructs in the attractiveness of bribery. This
study provides a behavioral extension to
traditional evolutionary game models and shows

that ethical heterogeneity is a fundamental
determinant of long-run outcomes.

From a policy perspective, at the institutional
level, strengthening compliance  systems,
establishing online platforms for audit data
sharing, redesigning accountability mechanisms,
and increasing the deterrent effect of sanctions
are recommended. At the educational level,
continuous professional training in ethical
decision-making can reduce monitoring costs. At
the technological level, the use of deep learning
approaches for early fraud detection is strongly
recommended.
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