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INTISARI

Permasalahan utama dalam pemanfaatan algoritma machine learning pada
bidang pemasaran bank adalah rendahnya reliabilitas probabilitas prediksi,
khususnya pada dataset yang tidak seimbang. Model XGBoost yang umum
digunakan cenderung menghasilkan probabilitas yang tidak merepresentasikan
peluang kejadian aktual secara akurat atau mengalami miscalibration. Kondisi ini
berdampak pada kualitas pengambilan keputusan berbasis risiko, seperti penentuan
prioritas nasabah dalam kampanye pemasaran, yang berpotensi menimbulkan
inefisiensi dan kesalahan strategi bisnis.

Penelitian ini bertujuan untuk mengatasi permasalahan miscalibration
tersebut melalui penerapan Hybrid Calibration Ensemble pada model XGBoost.
Metode yang digunakan meliputi tahapan pra-pemrosesan data, pelatihan model
XGBoost baseline, pemisahan data menjadi data pelatihan, kalibrasi, dan pengujian,
serta penerapan metode kalibrasi Platt Scaling, Isotonic Regression, dan Beta
Calibration. Selanjutnya, hasil dari masing-masing metode kalibrasi digabungkan
dalam suatu skema ensemble untuk menghasilkan probabilitas akhir yang lebih
reliabel. Evaluasi kinerja dilakukan menggunakan metrik Brier Score dan analisis
reliability diagram.

Hasil penelitian menunjukkan bahwa model XGBoost baseline mengalami
miscalibration yang signifikan. Metode kalibrasi tunggal mampu memperbaiki
reliabilitas probabilitas, namun peningkatannya masih terbatas. Hybrid Calibration
Ensemble menghasilkan performa terbaik dengan nilai Brier Score terendah dan
kurva reliability diagram yang paling mendekati garis ideal. Penelitian ini
memberikan kontribusi dalam peningkatan kejujuran probabilitas model machine
learning dan dapat dimanfaatkan oleh praktisi perbankan, analis data, serta
pengambil keputusan dalam sistem pemasaran berbasis risiko. Penelitian
selanjutnya dapat mengembangkan pendekatan ini pada skenario multi-kelas atau
data dengan perubahan distribusi.

Kata kunci: XGBoost, kalibrasi probabilitas, ihybrid calibration ensemble, Brier

Score, pemasaran bank
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ABSTRACT

One of the main challenges in applying machine learning algorithms to
banking marketing is the low reliability of predicted probabilities, particularly
when dealing with imbalanced datasets. XGBoost, despite its strong classification
performance, often produces overconfident probability estimates that do not
accurately reflect actual event frequencies, a condition known as miscalibration.
This issue negatively affects risk-based decision making, such as customer
prioritization in marketing campaigns, potentially leading to inefficient strategies
and suboptimal resource allocation.

This study aims to address the miscalibration problem by applying a Hybrid
Calibration Ensemble to an XGBoost model. The research methodology includes
data preprocessing, training an XGBoost baseline model, splitting the dataset into
training, calibration, and testing subsets, and applying Platt Scaling, Isotonic
Regression, and Beta Calibration as post-hoc calibration methods. The calibrated
outputs from these methods are then combined using an ensemble scheme to
produce more reliable probability estimates. Model performance is evaluated using
the Brier Score and reliability diagrams.

The results indicate that the baseline XGBoost model exhibits significant
miscalibration. While single calibration methods improve probability reliability,
their effectiveness remains limited and inconsistent across probability ranges. The
Hybrid Calibration Ensemble achieves the best performance, yielding the lowest
Brier Score and reliability curves closest to the ideal diagonal. This study
contributes to improving probabilistic honesty in machine learning models and can
be utilized by banking practitioners, data analysts, and decision makers in risk-
based marketing systems. Future research may extend this approach to multiclass
settings or scenarios involving distribution shift.

Keywords: XGBoost, probability calibration, hybrid calibration ensemble, Brier

Score, banking marketing
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