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Abstract

Customer churn in the fitness industry, driven by the structural reliance of gyms on membership fees,
represents a strategic challenge; a five percent increase in retention can raise profits by up to twenty-
five percent. This study was conducted with the aim of developing a hybrid framework for high-accuracy
prediction of customer churn in the fitness industry. The dataset was collected using a census method
from all active and inactive members of thirteen fitness clubs across four major metropolitan areas in
Iran (Tehran, Isfahan, Mashhad, and Shiraz) over the period from March 2021 to September 2025. A
hybrid approach based on metaheuristic algorithms—including an improved genetic algorithm,
improved binary spider-bee algorithm, gorilla-birds algorithm, and diversity-oriented firefly
algorithm—reduced twenty-three initial features to eight final features. Among nine machine learning
models, Random Forest, Extra Trees, and ensemble voting achieved the highest performance with
identical accuracy of 91.33 percent. Friedman, Nemenyi, and McNemar tests with Bonferroni correction
indicated that the top seven models were statistically equivalent. Feature importance analysis showed
that risk score, attendance stability, and net promoter score were the most important predictors of churn,
covering a balanced distribution of behavioral, interactional, satisfaction, and membership dimensions,
and emphasizing the multidimensional nature of churn.
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Extended Abstract
Introduction

The global health-and-fitness market is
projected to grow from USD 124.7 billion
in 2024 to USD 302 billion by 2034.
Customer retention is strategically critical
because acquiring a new member is five to
seven times more costly than retaining one
(Crosby, 1988), and a five-percent retention
gain can boost profits by up to twenty-five
percent (Reichheld, 2001). Yet the literature
on Iranian fitness churn reveals four gaps:
fragmentation between qualitative driver
studies and machine-learning applications,
methodological reach limited to single
algorithms, absence of inferential statistical
testing for model comparisons, and
unspecified operational definitions of
churn. This study addresses all four gaps by
building a hybrid metaheuristic feature-
selection-and-classification framework on a
multi-club Iranian dataset, with an explicit
ninety-day churn definition and a fully
documented inferential testing protocol

covering Friedman, Nemenyi, and
McNemar procedures with Bonferroni
correction.

Research methods

A multi-stage pipeline was implemented.
Churn was operationally defined as the
absence of all four post-expiry behaviors —
contract renewal, new package purchase,
recorded physical attendance via the access-
control system, and meaningful digital
engagement with the club's mobile
application — within ninety days following
formal contract expiry. The prediction
horizon was set at ninety days. The
statistical population comprised all active

and inactive members of thirteen affiliated
clubs across four major Iranian
metropolises: Tehran (five clubs), Isfahan
(three), Mashhad (three), and Shiraz (two).
Data were collected by within-club census
combined with cross-club proportionate
stratification over a forty-two-month
window from March 2021 to September
2025, yielding twelve thousand wvalid
records with a 36.8% churn rate. Twenty-
three initial features were engineered across
demographic, behavioral, financial,
satisfaction, and engagement categories.
Continuous variables were standardized
with Z-scores, categorical variables label-
encoded, missing values imputed with
column medians, and class imbalance
addressed via SMOTE. Feature selection
combined four complementary
metaheuristics Improved  Genetic
Algorithm (IGA), Gorilla Troops—Bird
Swarm Optimizer (GTO-BSA), Improved
Binary Spider—Wasp Optimization
(IBSWO), and Diversity-Oriented Firefly
Algorithm  (DOFFA) each run
independently with a fitness function jointly
maximizing  five-fold  cross-validated
accuracy and minimizing feature count.
Outputs were combined through weighted
voting, with each algorithm's weight
proportional to its final fitness, producing a
consensus-based  feature set.  Nine
classifiers were trained on the reduced
feature space: Random Forest, Extra Trees,
XGBoost, LightGBM, Gradient Boosting,
AdaBoost, Multi-Layer Perceptron, Voting
Ensemble, and Stacking Ensemble.
Performance was evaluated through
stratified five-fold cross-validation using
accuracy, precision, recall, Fl-score, and
ROC-AUC. To verify whether observed
differences were statistically meaningful,
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three inferential layers were applied: the
Friedman omnibus test on cross-validation
scores, Nemenyi post-hoc pairwise
comparisons against the critical-difference
threshold, and McNemar tests with
continuity correction on test-set predictions,
all subjected to Bonferroni correction.

Results

All four metaheuristics converged to fitness
values above 92%, with DOFFA leading at
92.86%, IGA at 92.83%, IBSWO at
92.80%, and GTO-BSA at 92.71% — a
within-window of less than 0.2 percentage
points that empirically validates the
consensus rationale: no single algorithm
dominates, and the value of combination
lies in stability rather than headline
accuracy. Weighted voting yielded a final
subset of eight features (a 65% reduction
from twenty-three): risk score, attendance
stability, Net Promoter Score, average

weekly  visits,  price  satisfaction,
engagement score, loyalty score, and
membership type. Random-forest-based

importance ranked risk score first (0.18),
followed by attendance stability (0.15), Net
Promoter Score (0.14), engagement score
(0.13), average weekly visits (0.12), price
satisfaction (0.11), loyalty score (0.09), and
membership type (0.08). The category
distribution was balanced 38%
behavioral, 25% engineered/engagement,
25% satisfaction, and 12% membership —
confirming churn as a multidimensional
phenomenon. On the test set, three models
tied at the top with 91.33% accuracy:
Random Forest, Extra Trees, and the Voting
Ensemble. The Voting Ensemble showed
the lowest cross-validation standard
deviation of 0.10%, indicating the most
stable performance. The Multi-Layer

Perceptron was competitive at 91.29%
accuracy with the highest ROC-AUC
(0.8992), while XGBoost (91.21%) and
LightGBM (91.17%) followed closely. The
Stacking Ensemble achieved 91.04% test
accuracy with the highest mean cross-
validation score of 91.86%. Gradient
Boosting (90.05%) and AdaBoost (90.33%)
ranked at the bottom. The Friedman test
produced a chi-square statistic of 36.59 (p <
0.001), confirming an overall significant
difference. However, the Nemenyi post-hoc
test  (critical  difference =  5.37)
demonstrated that the only pairwise rank
differences exceeding the threshold
involved AdaBoost versus the three top
performers; all other pairs — including
comparisons among the seven leading
models — were statistically equivalent. The
McNemar test with Bonferroni correction
confirmed this pattern: among eight
comparisons against Random Forest, only
Random Forest versus Gradient Boosting (p
= 0.004) and Random Forest versus
AdaBoost (p < 0.001) reached significance.
The Random Forest confusion matrix on
2,400 test samples produced a true negative
rate of 95.4%, true positive rate of 86.4%,
false positive rate of 4.6%, positive
predictive value of 89.9%, and an F1-score
of 87.5%, providing managerially
actionable detection performance.

Discussion and conclusion

Three findings carry methodological and
managerial weight. First, the convergence
of four structurally distinct metaheuristics
within a 0.2 percentage-point band reframes
hybrid feature selection: its value is reduced
selection  variance  and  improved
reproducibility, not algorithmic novelty.
Second, the inferential testing layer
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reshapes interpretation — the seven leading
models are statistically indistinguishable, so
deployment choice should rest on
interpretability, training speed, and
computational footprint rather than second-
decimal accuracy. Third, the dominance of
risk score and attendance stability supports
a two-stage churn process in which
cognitive dissatisfaction precedes
behavioral fragmentation. Managerially,
the framework supports a five-pillar action
plan: preventive identification with three-
tier risk classification, optimized resource
allocation, driver-specific retention
strategies, continuous evaluation through
A/B testing, and personalized service
design. Limitations include the absence of
macroeconomic variables and segment-
specific submodels, which future research
should  address  through  temporal
architectures and Persian NLP on complaint
data.
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