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High lights

The integration of machine learming and mathematical modeling enables the identification of hidden patterns and nonlinear
relationships affecting tax corruption, going beyond traditional analytical methods.

—  Complexity of laws, lack of transparency, and weak supervision, as the main causal variables, play the most significant role in the
formation and persistence of tax corruption in Iran's tax system.

—  Cluster analysis of the tax system indicates that transitioning from traditional structures to digital systems is a fundamental
prerequisite for reducing corruption risk and enhancing institutional accountability.

— The application of interpretable machine learing methods (SHAP and PDP) clarifies the contribution of each factor in predicting
corruption and increases the policy applicability of intelligent models.

—  Prioritizing anti-corruption measures using fuzzy AHP and scenario simulations shows that clarifying laws and smartening
processes can lead to a significant reduction in tax corruption in the medium-term horizon.
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ABSTRACT

Subject and Objective: This research aims to design and validate a comprehensive
machine learning-based model for combating financial corruption in Iran’s tax
system. Tax corruption poses a serious challenge to Iran’s economy by creating
economic inequality, reducing government public revenues, and obstructing
sustainable development.

Methodology: The research is applied in nature with a descriptive-analytical
approach. The statistical population comprised employees and experts of the
National Tax Administration, from which 140 individuals were selected as the
sample using stratified random sampling. Data were collected through a researcher-
made questionnaire containing 71 questions across 9 dimensions. Data analysis was
conducted using Random Forest, Gradient Boosting, and Deep Neural Network
algorithms. To enhance result interpretability, SHAP, PDP, K-means clustering, and
Fuzzy AHP methods were employed.

Findings: The findings revealed that complexity of tax laws, lack of process
transparency, and weak oversight are the most significant factors influencing tax
corruption. Cluster analysis identified three clusters: traditional tax system,
transitional system, and digital tax system. Prioritization of solutions identified
clarification of laws, education and culture-building, and accountability as the most
effective measures.

Conclusion, Originality, and Contribution to Knowledge: Scenario simulation
indicates that full implementation of the proposed solutions could reduce tax
corruption by 47.8% over five years. The research’s originality lies in the advanced
integration of machine learning with interpretable methods and multi-criteria
decision-making, presenting a localized, comprehensive, and prioritized model that
can provide a scientific foundation for anti-corruption policymaking and future
research.

Keywords: Corruption in the Tax System, Machine Learning, Tax Intelligence, UNCAC
(Merida Convention), Digitalization.
JEL Classification: M42.
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Introduction

The tax system is considered the vital
artery of any national economy and the
primary tool of the government for
implementing social justice and securing
developmental infrastructure. The efficiency,
transparency, and integrity of the tax system
directly impact public trust, economic
dynamism, and good governance.
Unfortunately, tax corruption in Iran has
become one of the main challenges due to
complex structures, ambiguous laws, and
traditional processes. This corruption not only
causes a significant reduction in government
revenues and exacerbates the budget deficit,
but it also undermines tax equity, increases the
sense of injustice among taxpayers, and
prevents the formation of a desirable tax
culture. Previous studies in the field of anti-
corruption have primarily focused on
qualitative approaches, theoretical
frameworks, or traditional linear models,
which lack the necessary capacity to analyze
the complex and non-linear relationships
among dozens of factors influencing
corruption. Therefore, there is a necessity for
a comprehensive, data-driven, and highly
predictive model that can accurately identify
the key influential factors and prioritize
operational  solutions based on their
importance and effectiveness. The main
objective of this research is to transition from
subjective and traditional models to an
intelligent, data-driven model. By leveraging
the superior capabilities of Machine Learning
(ML) in discovering hidden patterns and
implicit relationships, this model seeks to
accurately identify the most critical factors
affecting tax  corruption and then
guantitatively evaluate the effectiveness of
proposed solutions in the short and long term.
Furthermore, the present study aims to provide
a multi-dimensional operational framework
for tax policymakers—by considering global
dimensions of anti-corruption (such as the
Merida Convention) and domestic high-level
documents (such as the Leader's Eight-Article
Decree)—whose implementation leads to
sustainable corruption reduction and increased
efficiency of the tax system.

Methodology
This research is applied in terms of
objective, as it seeks to design and validate a

model that is directly implementable and
usable within the actual environment of the
National Tax Administration. In terms of
methodology, the research is descriptive-
analytical,  founded  upon  advanced
approaches of Mathematical Modeling and
Machine Learning. The statistical population
comprises all active and experienced
employees and experts at various levels of
Iran's tax system who possess practical
knowledge and experience in tax processes
and anti-corruption efforts. Using a stratified
random sampling method and determining the
sample size based on the Cochran formula, a
total of 140 individuals were selected as the
research sample to ensure adequate coverage
of all key organizational levels and sections.
The data collection instrument was a
researcher-made questionnaire on a five-point
Likert scale, which was rigorously tested and
confirmed for its validity and reliability. This
guestionnaire consisted of 9 main dimensions
and a total of 71 questions, covering the
factors influencing corruption and anti-
corruption solutions across various structural,
legal, technical, and cultural dimensions. Key
measured dimensions included: clarification
of tax laws, promotion of administrative
integrity, accountability and oversight,
process smartening, anti-corruption efforts,
the Leader's eight-article decree, the Merida
Convention, political-institutional dynamics,
digital transformation, corruption reduction,
public trust, and the efficiency of the tax
system.

Data analysis was performed in several
distinct stages using combined techniques:

1. Analysis of Influential Factors and

Corruption Prediction: Robust Machine
Learning algorithms such as Random
Forest, Gradient Boosting, and Deep
Neural Network were wused for
modeling and predicting the level of
corruption based on input variables.
These algorithms were chosen for their
high capability in managing outliers,
non-linear relationships, and high
dimensionality.

2. Model Interpretability: To ensure the

reliability and transparency of the ML
models, advanced interpretative
methods like SHAP (SHapley Additive
exPlanations) and PDP  (Partial
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Dependence Plots) were employed to
determine the precise contribution of
each variable in corruption prediction
and the shape of its relationship (linear
or non-linear).

3. Classification of Tax Systems: To better

understand structural differences and
organizational readiness, the K-means
clustering method was used to divide
different sections of the tax system into
distinct groups (based on maturity level
and corruption rate).

4. Prioritization of Solutions: Finally, to
define the operational roadmap, the
Fuzzy Analytical Hierarchy Process
(Fuzzy AHP) method was utilized to
weight and prioritize the proposed anti-
corruption solutions.

Result

The results of the machine learning
modeling confirmed the high validity of the
predictive models (particularly the Gradient
Boosting model with 93% accuracy) in
determining the level of tax corruption. Based
on SHAP analysis, the three factors
"complexity of tax laws" (importance weight
0.187), "lack of process transparency™ (0.156),
and "weak oversight and accountability"
(0.142) had the greatest influence in
explaining corruption. PDP analysis revealed
a nonlinear inverse U-shaped relationship
between the complexity of laws and
corruption, indicating that after exceeding a
critical threshold, the corruption rate decreases
due to the difficulty of understanding the
regulations. Clustering of tax systems
identified three groups: traditional (42% with
the highest corruption), transitional (35%),
and digital (23% with the lowest corruption),
highlighting the need for interventions tailored
to the maturity level of each cluster.
Prioritization of anti-corruption solutions
using fuzzy AHP ranked “clarification of
laws" (score 0.82), "training and cultural
development”  (0.78), and  "systemic
accountability and oversight" (0.76) as the top
priorities. Scenario simulations predict that
full and simultaneous implementation of these
solutions could reduce corruption by up to
47.8% over five years. Furthermore,
regression analysis showed that "senior
management support” (moderating coefficient

0.453) and ™anti-corruption organizational
culture” (0.389) act as the strongest
moderating variables, directly and positively
influencing the success of the solutions.

Discussion

The results of this research emphasize the
importance of a multidimensional, phased,
and sustainable approach to combating tax
corruption. These findings challenge purely
technological models, demonstrating that
structural and soft factors—such as laws and
culture—are even more critical than
technology in the initial stages. The discovery
of the inverse U-shaped relationship between
law complexity and corruption provides a key
theoretical insight and points to the necessity
of a fundamental review of the country's tax
laws with the aim of maximizing simplicity
and transparency. This complexity not only
creates opportunities for abuse by employees
but also increases compliance costs for
taxpayers, further encouraging tax evasion.
The prioritization of solutions by Fuzzy AHP
outlines a strategic roadmap: effective anti-
corruption efforts must begin with low-risk
and high-impact initial measures such as law
clarification and public education. Although
"smartening" and "digital transformation" will
be the most significant deterrents in the long
run, their placement in the third priority
indicates that investment in technology alone
will not achieve complete success without
providing the necessary legal and cultural
foundations. In fact, smartening must be based
on transparent laws and occur within an
accountable organizational context; otherwise,
it will only transform traditional methods of
corruption into digital ones. From an
implementation  perspective, the results
strongly affirm that senior management
support and the improvement of
organizational culture are the primary keys to
translating solutions from a paper plan into a
practical reality. Without strong managerial
will and the institutionalization of ethical and
anti-corruption values within the organization,
any anti-corruption plan is doomed to fail.
Finally, the designed model is not only a
predictive tool but also provides a normative
framework that policymakers can use to
guantitatively evaluate the impact of the
program's execution by measuring their
progress in each dimension (such as
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transparency or accountability). Successful
implementation of this model requires inter-
institutional coordination, long-term
investment, and organizational commitment to
transition from a traditional system to one that
is digital, transparent, and fair.
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6. Artificial Neural Network

7. Regularization

8. Early Stopping

9. XGBoost (Extreme Gradient Boosting)

1. SVM

2. ANN

3. Random Forest

4. Support Vector Machine
5. Grid Search
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3. Synthetic Minority Over-sampling Technique (SMOTE)

1. K-Nearest Neighbors (KNN)
2.PCA
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3. Sensitivity
4. Specificity

1. ROC (AUC)
2. Accuracy
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1. Impurity Decrease
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1. Ensemble Learning
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