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Introduction:

Rule extraction methods in data mining have received increasing attention from
scholars due to their inherent transparency, interpretability, and broad
applicability in intelligent systems. These techniques enable the uncovering of
patterns that may be hidden within both structured and complex datasets. This
study employs a systematic review framework to critically assess the strategies
and performance metrics relevant to rule extraction while identifying existing
gaps in the research. Reviewed research includes 19 selected articles from an
initial pool of 678. The primary question of this study is to identify effective
methods for rule extraction and to analyse their limitations and challenges. The
aim of the research is to provide a comprehensive overview of the current state
and to guide future studies in this domain.

Methodology:

This study was conducted as a systematic literature review employing an
analytical and critical approach, aiming to provide a comprehensive, structured,
and in-depth examination of rule extraction methods within the field of data
mining. The study population included all peer-reviewed scientific articles
published between 2015 and 2024, retrieved from reputable international
databases such as ScienceDirect, IEEE, Springer, Emerald, and Scopus. Data
collection was carried out through a systematic search using the keywords “Rule-
based system” and “Rule induction” across article titles, abstracts, and keywords.



Initially, 678 articles were identified. Following the PRISMA framework, a multi-
stage screening process including duplicate removal, evaluation of thematic
relevance, methodological review, and quality assessment was applied, resulting
in the selection of 19 articles for final analysis.

A mixed-method approach, combining qualitative and quantitative analytical
techniques, was employed for data analysis. The analysis focused on three key
dimensions: (1) critical evaluation of rule extraction strategies and their
performance metrics, (2) identification of research gaps, and (3) textual content
analysis of the selected studies. The VOS viewer tool was utilized to extract key
concepts, high-frequency terms, and the interrelationships among them. This
process contributed to a comprehensive understanding of the current research
landscape and helped illuminate future directions in rule extraction research.

Main findings:

Based on the systematic analysis conducted, the findings of this study were
structured around addressing three core research questions.

First, in relation to the question “What are the prevalent rule extraction methods
and performance evaluation criteria in the literature, and which have received the
most attention?”, the analysis revealed that the most widely applied strategies
were the divide-and-conquer and separate-and-conquer approaches. Among
performance metrics, accuracy received the highest emphasis, whereas coverage
and interpretability were comparatively underexplored.

Second, in response to “How do the characteristics and limitations of input data
influence rule extraction strategies?”, the findings indicated that approximately
89% of the studies exclusively focused on structured data, with only a few
incorporating unstructured formats such as text or images. Additionally, issues
like imbalanced data, high dimensionality, and multivariate features were rarely
examined.

Third, in addressing the question concerning “What are the research gaps in the
development and application of rule extraction methods?”, it was found that key
limitations included the lack of algorithms capable of simultaneously balancing
accuracy, coverage, and interpretability, insufficient attention to complex and
heterogeneous data, and a general absence of scalable and generalizable
approaches.

These insights underscore the urgent need for designing and developing more
advanced, hybrid methods to meet real-world challenges in rule extraction.



Discussion and conclusions:

This study adopts a systematic and analytical approach to provide a
comprehensive review of rule extraction methods in the domain of data mining
and presents three key and novel findings. First, the majority of existing studies
have focused predominantly on enhancing algorithmic accuracy, while the two
other fundamental criteria interpretability and coverage have received
comparatively less attention. Second, the analysis reveals that an overwhelming
proportion of the reviewed literature is confined to structured data, with limited
exploration of challenges associated with unstructured, imbalanced, or high-
dimensional datasets. Third, most of the proposed methods exhibit notable
limitations in achieving a balance among accuracy, coverage, and interpretability.

These findings underscore the necessity of developing advanced approaches
capable of simultaneously addressing all three performance criteria to meet the
complex demands of real-world applications. By identifying both conceptual and
practical gaps, this study contributes to the advancement of theoretical knowledge
in the area of rule-based learning, and lays the groundwork for the development
of scalable and hybrid algorithms.

Finally, it is recommended that future research focus on designing interpretable
algorithms tailored for unstructured data, as well as enhancing the capacity of
such algorithms to effectively manage multiple performance metrics in complex,
multi-purpose data environments.
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