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Objective: This study aimed to validate an integrated framework for identifying and analyzing
retail customer behavior using extended LRFFM indicators combined with clustering, association-
rule mining, and machine-learning classification techniques.

Methodology: This applied, quantitative, data-driven study was conducted according to the
CRISP-DM process. The dataset consisted of 541,013 cleaned transactional records obtained from
customers of a retail store. Transaction-level data were aggregated at the customer level, and
Recency, two Frequency indicators, Monetary value, and Length of relationship were extracted.
Customers with more than 93 days since their last purchase were defined as churners. K-Means
was used for customer segmentation, FP-Growth and association rules were applied to identify
basket-purchase patterns, and ten classification algorithms were compared, including decision tree,
k-nearest neighbors, Naive Bayes, neural network, logistic regression, support vector machine,
linear discriminant analysis, AdaBoost, bagging, and stacking.

Findings: Clustering of 26,428 customers identified three distinct segments. The most valuable
cluster had a Recency of 19.29, an average of 144.35 transactions, a Monetary value of
95,455,030.90, an average of 260.49 purchased items, and a Length of 131.32. Among 12,433
churned customers, 880 were identified as valuable churners. Association-rule analysis revealed
different basket structures between valuable churners and non-churners, with several rules reaching
a confidence of 1.00. In churn classification, stacking achieved the best overall performance, with
86.47% accuracy, 84.07% precision, 90.00% recall, and an F1-score of 86.93%. Logistic regression
and Naive Bayes ranked second and third, respectively.

Conclusion: The integrated LRFFM and data-mining framework successfully combined customer
value assessment, churn identification, market-basket analysis, and predictive modeling, and can
support more targeted retail decisions concerning customer retention, reactivation, and relationship
management.

Keywords: Customer Behavior, LRFFM, Customer Churn, Data Mining, Clustering, Association
Rules, Machine Learning, Retail
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EXTENDED ABSTRACT
Introduction

The rapid expansion of transactional databases, digital retail systems, and data-driven customer
relationship management has transformed the way retailers identify, evaluate, and respond to customer
behavior. In contemporary retail environments, customer value can no longer be adequately understood
through aggregate sales indicators alone, because customers differ substantially in terms of purchase
recency, transaction frequency, basket size, monetary contribution, and length of relationship with the
retailer. Machine learning and data mining techniques have therefore become increasingly important for
converting large volumes of transactional data into actionable knowledge concerning customer retention,
repurchase behavior, purchasing patterns, and churn risk (Manzoor et al., 2024; Mouli et al., 2024;
Vemulapalli, 2024). Customer churn represents a particularly important managerial problem because the
cessation or substantial decline of purchasing activity can reduce long-term customer value and increase
the costs associated with acquiring replacement customers. Although churn can be explicitly observed in
contractual industries such as telecommunications, banking, and subscription-based services, it is more
difficult to define in non-contractual retail settings, where customers rarely formally terminate their
relationship with a store. Consequently, churn in retail must often be inferred from behavioral signals such
as prolonged inactivity, declining purchase frequency, changing transaction patterns, and increasing time
since the most recent purchase (Matuszelanski & Kopczewska, 2022; Sweidan et al., 2022; Zelenkov &
Suchkova, 2023). Previous studies have demonstrated the usefulness of machine learning for churn
prediction across telecommunications, banking, e-commerce, hospitality, pharmaceutical retail, and fast-
moving consumer goods (Adeniran et al., 2024; Brito et al., 2024; Dursun-Cengizci & Caber, 2025; Espinoza-
Vega & Roa, 2024; Mahdi & Jabbari, 2024; Phumchusri & Amornvetchayakul, 2024). However, a major
methodological challenge is that many existing approaches focus primarily on a single predictive task
rather than integrating customer valuation, behavioral segmentation, basket analysis, and churn
classification within one analytical framework. RFM-based approaches remain among the most widely
used methods for summarizing customer behavior, while recent research has shown that incorporating
time-varying or extended behavioral measures can improve the representation of customer dynamics
(Chou et al., 2022; Mena et al., 2024). Extending conventional RFM into an LRFFM structure allows
customer behavior to be represented through Recency, two dimensions of Frequency, Monetary value,
and Length of relationship, thereby distinguishing between purchase occasions and the total volume of
items purchased. Such enriched behavioral indicators can be combined with clustering to identify
heterogeneous customer groups and with classification techniques to distinguish churners from non-
churners (Liu et al., 2022; Sina Mirabdolbaghi & Amiri, 2022). Moreover, association-rule mining can
complement these approaches by revealing recurring product combinations and relationships within
customer baskets, thereby connecting customer-level value analysis with product-level purchasing
behavior. Ensemble learning has also emerged as a promising approach for churn prediction because
combining multiple classifiers can improve robustness and balance predictive performance across
accuracy, precision, recall, and F1-score (Bogaert & Delaere, 2023; Kimura, 2022). Accordingly, the present
study aimed to validate an integrated framework for identifying and analyzing retail customer behavior



using LRFFM indicators in combination with clustering, association-rule mining, and machine-learning
classification techniques.

Methods and Materials

The study adopted an applied, quantitative, data-driven design based on a real transactional dataset
from Branch 1 of the Seraj retail store. The analytical workflow followed the CRISP-DM process,
including business understanding, data understanding, data preparation, modeling, evaluation, and
interpretation of outputs. The initial dataset contained approximately 541,000 transaction-level records
and 13 variables, including store name, product name, barcode, customer identifier, season, month, day
of week, day, net sales amount after returns, date of last sale, number of days since the last sale, total
number of items sold, and number of sales invoices. Records with missing customer identifiers or product
barcodes, invalid values, negative net sales amounts, and unusable transactional information were
removed or corrected during preprocessing. After cleaning, 541,013 records remained. Transaction-level
data were subsequently aggregated at the customer level to calculate LRFFM indicators. Recency
represented the number of days since the customer’s most recent purchase; the first Frequency measure
represented the number of purchase transactions; the second Frequency measure represented the total
number of products purchased; Monetary represented the customer’s total net purchase value; and Length
represented the duration between the customer’s first and most recent observed purchases. Customer churn
was operationally defined using a 93-day inactivity threshold: customers with Recency greater than 93
days were classified as churners, whereas the remaining customers were classified as non-churners. K-
Means clustering was applied to LRFFM indicators without using churn status as an input feature, and the
Davies—Bouldin index was used to select an appropriate number of clusters. A separate clustering analysis
was also conducted among churned customers to identify the most valuable churned segment. For market-
basket analysis, customer-level cluster and churn information was joined with barcode-level purchasing
data, the dataset was converted into a binary transaction—product matrix, and FP-Growth was used to
identify frequent itemsets and generate association rules. For churn classification, the analysis focused on
customers belonging to the valuable segment. Because the original classes were imbalanced, random
undersampling was used to create a balanced dataset containing 170 churners and 170 non-churners.
Product-purchase variables were coded as binary indicators, and features with insufficient observations
were removed, reducing the initial 8,441 product variables to 485 features. Ten classifiers were compared:
decision tree, k-nearest neighbors, Naive Bayes, neural network, logistic regression, support vector
machine, linear discriminant analysis, AdaBoost, bagging, and stacking. Their performance was evaluated
using accuracy, precision, recall, and F1-score.

Findings

The final customer-level dataset contained 26,428 customers. Evaluation of K-Means solutions
with two to ten clusters showed that the three-cluster solution produced the most favorable reported
Davies—Bouldin value of -0.549 and was therefore retained. The three clusters contained 22,427, 256, and
3,745 customers, respectively. The smallest cluster represented the most valuable group: it had an average
of 144.35 transactions, an average monetary value of 95,455,030.90, an average of 260.49 purchased
items, a mean Recency of 19.29 days, and a mean Length of 131.32 days. In addition, 93% of customers
in this cluster were non-churners. By contrast, the largest cluster exhibited substantially lower purchase
frequency, monetary contribution, basket volume, and relationship length, together with a markedly higher
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Recency. A separate clustering analysis of 12,433 churned customers identified two clusters. The more
valuable churned cluster contained 880 customers and showed a mean transaction frequency of 42.83,
mean monetary value of 22,566,464.85, mean purchased-item count of 70.15, Recency of 126.40, and
Length of 27.35, whereas the other churn cluster contained 11,553 customers and had corresponding
values of 10.73, 3,745,859.98, 15.98, 136.73, and 6.24. Association-rule analysis revealed distinct
purchasing structures among valuable non-churners and valuable churners. Among valuable non-churners,
several combinations involving product codes 2200170, 2203314, 2202312, 2204359, and 2204364
showed strong co-occurrence, with multiple rules reaching confidence levels above 0.90 and some
reaching 1.00. For example, the combination of products 2202312 and 2204364 predicted the presence of
2200170 with confidence 1.00. Among valuable churners, a different group of products, particularly
2201609, 2200351, 2200348, 2201618, and 2201611, formed the core of recurrent purchasing patterns;
the rule 2201609 + 2200348 — 2200351 reached confidence 1.00. In the classification stage, stacking
achieved the best overall rank, with accuracy of 86.47%, precision of 84.07%, recall of 90.00%, and F1-
score of 86.93%. Logistic regression ranked second, achieving accuracy of 85.88%, precision of 79.90%,
recall of 95.88%, and F1-score of 87.17%. Naive Bayes ranked third with accuracy of 85.59%, precision
of 83.06%, recall of 89.41%, and F1-score of 86.12%. Support vector machine, decision tree, and
AdaBoost also produced acceptable results. Bagging yielded the highest recall at 98.82% but substantially
lower precision of 64.62%, indicating a high rate of false-positive churn predictions. Linear discriminant
analysis produced the weakest overall performance, with accuracy of 58.53%, precision of 57.92%, recall
of 62.35%, and F1-score of 60.06%.

Discussion and Conclusion

The findings demonstrate that customer behavior in retail is multidimensional and that no single
analytical technique is sufficient to capture its full complexity. LRFFM indicators successfully
differentiated customers according to recency of interaction, transaction intensity, purchasing volume,
financial value, and relationship duration, while clustering converted these continuous behavioral
differences into managerially interpretable customer segments. Particularly important was the
identification of a small but highly valuable segment characterized by recent purchases, high frequency,
large basket volume, substantial monetary contribution, long-term interaction, and a high proportion of
non-churners. The separate identification of valuable churned customers further showed that churn status
alone is insufficient for customer prioritization: some churned customers had substantially stronger
historical relationships and higher economic value than others and therefore represent more important
targets for reactivation strategies. Association-rule analysis added another layer of information by showing
that valuable churners and non-churners differed not only in aggregated behavioral indicators but also in
the specific product combinations appearing in their baskets. This suggests that customer retention
strategies can be enhanced by combining value-based segmentation with product-level behavioral
knowledge. The classification results also confirmed the usefulness of ensemble learning. Stacking
provided the most balanced overall performance, while logistic regression produced particularly high
sensitivity to churners and bagging nearly maximized recall at the expense of a much higher false-positive
rate. These differences indicate that model selection should depend not only on overall predictive accuracy
but also on the managerial cost of false negatives and false positives. If missing a valuable churner is
considered particularly costly, a high-recall model may be preferred; if retention resources are limited, a



more balanced model such as stacking may be more appropriate. Overall, the results validate the proposed
integrated framework as a practical approach for transforming raw retail transactions into multiple forms
of actionable knowledge. By linking LRFFM-based customer value assessment, behavioral clustering,
market-basket analysis, and machine-learning churn classification, the framework enables simultaneous
identification of valuable customers, valuable churners, recurrent product combinations, and customers at
risk of disengagement. The framework can therefore support more targeted retention programs,
personalized offers, cross-selling strategies, reactivation campaigns, and data-driven customer
relationship management in retail settings.
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