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CrossMark

Although judges frequently apply sentencing mitigation provisions when
issuing judicial rulings for many offenses, limited efforts have been made to
establish an appropriate framework for using these mitigation rules. Judges are
often required to decide the extent of sentence reduction under conditions of
ambiguity and uncertainty. The presence of various mitigating circumstances,
each with differing levels of influence, makes this decision even more
challenging. By using a decision evaluation system and drawing on expert
opinions, the causal relationships among mitigating circumstances and their
levels of influence and susceptibility were identified. Then, by employing the
Analytic Network Process (ANP), the weight of each mitigating circumstance
was determined. This combined approach, integrating the Decision-Making
Trial and Evaluation Laboratory (DEMATEL) and Fuzzy Analytic Network
Process, is referred to as the “fuzzy DANP” method. Based on the results of
this analysis, the factor “plaintiff’s forgiveness” had the highest weight and
importance in sentencing mitigation compared to other circumstances, while
factors such as “special status and prior record of the defendant” had less
weight and significance. Moreover, the factor “plaintiff’s forgiveness”
demonstrated the greatest influence, whereas the factor “good conduct record”
exhibited the highest susceptibility to influence.

Keywords: sentencing mitigation, fuzzy logic, DEMATEL, fuzzy analytic
network process
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Extended Abstract
Introduction

Decision-making in the judicial process is inherently complex because judges must evaluate
numerous factors under conditions of ambiguity and uncertainty. Criminal sentencing in particular often
requires considering mitigating circumstances that can influence the severity of punishment, yet the
absence of a clear, systematic framework complicates this task (Sabahi & Akbarzadeh-T, 2015). The
Islamic Penal Code of Iran provides for mitigating factors under Articles 37 and 38, but the law does not
define the weight or relative influence of each factor, leaving judges with significant discretion that can
lead to inconsistency and potential inequity (Belton, 2018).

To address uncertainty in legal contexts, fuzzy logic has emerged as a powerful approach for
modeling imprecise human reasoning and transforming qualitative judgments into quantitative data
(Zadeh, 1965; Bagherian-Marandi, Ravanshadnia, & Akbarzadeh-T, 2021). While fuzzy logic is widely
applied in engineering, decision-making, and artificial intelligence, its use in criminal law remains limited
(Janeela Theresa & Joseph Raj, 2016). Integrating fuzzy logic with multi-criteria decision-making
(MCDM) techniques such as the Decision-Making Trial and Evaluation Laboratory (DEMATEL) and
Analytic Network Process (ANP) can provide a structured way to capture complex interdependencies
among mitigating factors and their causal relationships (Gabus & Fontela, 1972; Saaty, 2004a).

Prior studies have explored computational models and linguistic computing to represent legal
reasoning (Rodriguez Rodriguez et al., 2023). For example, fuzzy cognitive maps and linguistic decision-
making systems have been applied to predict judicial outcomes (Rickard et al., 2015; Frias et al., 2018).
However, few efforts have focused on applying such models to systematically weight mitigating
circumstances in sentencing. DEMATEL enables the identification of cause-effect relationships among
factors, while ANP provides a robust framework for determining their relative priority (Liou et al., 2007;
Mavi & Standing, 2018). By integrating fuzzy DEMATEL with ANP (FDANP), this study provides a
novel, quantitative framework for evaluating the influence and importance of mitigating circumstances in
criminal sentencing.

This work aims to: (1) determine the causal relationships and relative significance of mitigating
circumstances defined in Iranian criminal law, and (2) compute the weights and priority rankings of these
circumstances to guide judicial discretion. It also pioneers the application of the FDANP methodology in
criminal law, offering a replicable model for jurisdictions where similar uncertainty and inconsistency
exist.

Methods and Materials

This study adopted an exploratory—analytical design using the integrated fuzzy DEMATEL-ANP
(FDANP) method to analyze the relative weight and causal influence of mitigating circumstances. First,
a comprehensive review of Iranian criminal law and prior research identified 18 mitigating conditions in
Acrticle 38 of the Islamic Penal Code. Through expert judgment and content validation, these were grouped
into 10 key mitigating factors: plaintiff’s forgiveness (MF1), defendant’s effective cooperation (MF2),
special circumstances influencing the crime (MF3), self-report or confession (MF4), remorse (MF5), good
prior record (MF6), defendant’s special status (MF7), efforts to redress harm (MF8), minor harm inflicted
(MF9), and minor participation of accomplices (MF10).
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A panel of six senior criminal court judges with at least five years of judicial experience
participated as subject matter experts. Experts evaluated the pairwise causal influence of each factor on
the others using a five-point linguistic scale (from “no influence” to “very high influence”). Linguistic
terms were converted into triangular fuzzy numbers to construct direct-relation matrices.

The fuzzy DEMATEL process involved normalizing and aggregating individual expert matrices,
generating the total relation matrix, and computing the D (influence given) and R (influence received)
vectors to classify factors as causal or effect. Subsequently, the ANP supermatrix was built from
normalized total-relation data to compute global weights and ranking of factors. The iterative limit
supermatrix procedure produced converged priority weights representing each factor’s relative importance
in sentencing mitigation.

Findings

Analysis revealed a clear causal-effect structure among mitigating factors. Based on the (D—R)
vector, four factors—effective cooperation of the defendant (MF2), good prior record (MF6), defendant’s
special status (MF7), and minor participation of accomplices (MF10)—were classified as causal factors,
meaning they exert greater influence on other mitigation elements. The remaining six factors—plaintiff’s
forgiveness (MF1), special circumstances influencing the crime (MF3), self-report or confession (MF4),
remorse (MF5), efforts to redress harm (MF8), and minor harm inflicted (MF9)—were effect factors,
more influenced by others.

The (D+R) analysis, which indicates total interconnectedness, showed that plaintiff’s forgiveness
(MF1) had the highest relational impact, interacting strongly with other factors, while good prior record
(MF6) and defendant’s special status (MF7) exhibited strong causality but lower interdependence. The
cause-effect network diagram confirmed that MF1 was the most influenced factor, whereas MF6 was the
most influential driver.

ANP-based priority weights further refined these insights. Plaintiff’s forgiveness (MF1) emerged
as the single most important mitigation factor with a global weight of 0.231, followed closely by self-
report or confession (MF4, weight = 0.208) and effective cooperation of the defendant (MF2, weight =
0.206). Efforts to redress harm (MF8) ranked fourth (0.194), while remorse (MF5) and minor harm
inflicted (MF9) occupied mid-level importance with weights of 0.119 and 0.010, respectively. Good prior
record (MF6) and defendant’s special status (MF7) had minimal direct weight (0.007 each), despite their
strong causal roles in shaping other factors.

This hierarchy indicates that although some factors are highly influential drivers (e.g., MF6 and
MEF7), their direct weight for mitigation is limited; conversely, plaintiff’s forgiveness and confession/self-
report strongly determine practical sentencing leniency. The integrated FDANP approach effectively
combined these complementary perspectives—causal impact and priority significance—to deliver a
balanced and interpretable ranking.

Discussion and Conclusion

The findings demonstrate that mitigation in criminal sentencing is shaped by both legal tradition
and social dynamics, with plaintiff’s forgiveness acting as the most decisive element in the Iranian legal
context. This aligns with the Islamic Penal Code’s emphasis on reconciliation and the victim’s agency in
discretionary sentencing. Yet the causal strength of good prior record and special personal circumstances



underscores that even less directly weighted factors can influence the entire mitigation network by shaping
how other circumstances are evaluated.

Methodologically, this study advances the application of fuzzy MCDM in legal decision-making.
By integrating DEMATEL’s cause-effect mapping with ANP’s weight derivation, the FDANP model
overcomes the shortcomings of single-method approaches and accounts for the interdependence and
feedback loops among legal criteria. Previous legal Al and decision-support models often relied on binary
or static weighting (Rickard et al., 2015; Rodriguez Rodriguez et al., 2023), but FDANP captures nuanced
judicial reasoning by using fuzzy linguistic assessments and iterative convergence.

Practically, the resulting weight matrix and causal map provide a transparent tool to assist judges
in balancing discretion with consistency. Such a framework can reduce sentencing disparity, promote
fairness, and strengthen public trust in judicial outcomes by making the rationale for mitigation
measurable and replicable. It also offers a decision-support baseline for training new judges and informing
legal reform regarding mitigation provisions.

Finally, this work extends the reach of fuzzy logic and advanced decision analysis into criminal
justice, an area previously underserved compared to engineering and management sciences (Bagherian-
Marandi et al., 2021; Ahmadi, Mortazavi, Mahabadi, & Hosseinpouri, 2020). By demonstrating the
feasibility of FDANP in a high-stakes, uncertainty-prone domain, it sets the stage for further development
of data-driven, linguistically informed legal decision support systems.
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