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COMPARATIVE ANALYSIS OF DIGITAL
FINANCIAL TECHNOLOGIES FOR CREDIT
RISK PREDICTION AND MANAGEMENT IN
COMMERCIAL BANKS BASED ON ARTIFICIAL
INTELLIGENCE AND BIG DATA ANALYTICS

Kholdorov Sardor Umarovich
Associate Professor at Tashkent State University of Economics
Email: s.xoldorov@tsue.uz

Abstract. This article examines modern digital approaches to credit risk prediction and management in
commercial banks based on artificial intelligence and big data analytics. The effectiveness of machine learning
models such as XGBoost, Random Forest, and neural networks is analyzed in comparison with traditional
statistical models, particularly logistic regression. Based on real statistical data, it is demonstrated that the
accuracy of the models increased by 25%, while the default rate decreased by 20-30%.

Keywords: artificial intelligence, big data, credit risk, machine learning, XGBoost, digital financial
technologies, predictive modeling.

Annotatsiya. Ushbu maqolada tijorat banklarida kredit risklarini sun’iy intellekt va katta ma’lumotlar tahlili
asosida prognozlash hamda boshgarishning zamonaviy ragamli yondashuvlari ko‘rib chigiladi. XGBoost,
Random Forest va neyron tarmoglar kabi mashinali o‘gitish modellari samaradorligi an’anaviy statistik modellar,
xususan, logistik regressiya bilan giyosiy tahlil gilinadi. Real statistik ma’lumotlar asosida modellar anigligi 25
foizga oshgani, defolt darajasi esa 20—30 foizga kamaygani asoslab berilgan.

Kalit so‘zlar: sun’iy intellekt, katta ma’lumotlar, kredit riski, mashinali o‘qgitish, XGBoost, ragamli moliyaviy
texnologiyalar, prognozlash modeli.

AHHOTauusA. B gaHHoM cTaTbe paccmMaTpyBaoTCs COBPEMEHHbIE LIMGDPOBbIE NOAXOAb! K IPOrHO3UPOBaHMIO
N yNpaBfieHNO KPeaUTHbIMU pUCKaMU B KOMMEPYECKMX OaHKax Ha OCHOBE MCKYCCTBEHHOIO MHTENnekTa u
aHanuTUKM 60MbLUIMX AaHHbIX. QPEEKTUBHOCTL MOAENEN MALUMHHOIO 00y4YeHus, Takmx kak XGBoost, Random
Forest 1 HEMpPOHHbIE CETU, aHaNU3MPYETC B CPABHEHUM C TPAAWLUMOHHBIMU CTATUCTUYECKUMU MOLENSMU,
B YaCTHOCTW JIOFMCTUYECKOW perpeccuenn. Ha ocHoBe pearnbHbIX CTaTUCTUYECKMX AaHHbIX MOKa3aHo, YTo
TOYHOCTb MoZernen yennuunace Ha 25%, a ypoBeHb gedonta cHuauncsa Ha 20—-30%.

KnrouyeBble cnoBa: UCKYCCTBEHHbIV MHTEMNNMEKT, bonbLune AaHHbIE, KPEAUTHbIV PUCK, MALLUMHHOE 0By4YeHe,
XGBoost, undpoBble hrHaHCOBbIE TEXHOMOMMKU, MPOrHO3HOE MOAENMPOBAHNE.

INTRODUCTION

In the current conditions of the digital economy, effective credit risk management is one of the most critical
tasks for commercial banks. According to the data of the Central Bank of the Republic of Uzbekistan, in 2025,
the total credit portfolio of commercial banks reached 485.9 ftrillion UZS, reflecting a 19.3% growth compared
to 2024. At the same time, the share of non-performing loans (NPLs) remains an important factor affecting the
stability of the banking system.

Traditional credit assessment methods, such as FICO scores and logistic regression, consider only a
limited number of variables and are unable to adequately predict complex non-linear relationships. Artificial
intelligence and big data technologies provide an effective methodological approach to this challenge. The
2024 study by the Bank of England found that machine learning models reduce misclassification errors by up
to 25% compared to traditional statistical models. In international practice, using datasets such as Lending Club
and Home Credit, the AUC scores of XGBoost and CatBoost models can reach between 0.89 and 0.94.

The methodological foundation of the study was developed in accordance with international standards,
namely CRISP-DM and OSEMN, to ensure scientific reliability. In the first stage, the database was formed by
combining two types of data sources: international open datasets, including the German Credit Dataset and
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over 887,000 observations from the Lending Club real credit portfolio for 2007—2018, and a specially simulated
dataset for commercial banks in Uzbekistan.

The simulated data, grounded in real banking practice, included more than 15 independent variables, such
as customer age, annual income, credit amount, loan term, previous default history, marital status, employment
type, place of residence, education level, and debt burden ratio. The total volume exceeded 1,000 observations.
Prior to modeling, the data underwent preprocessing: missing values were imputed using median or KNN
imputation methods, quantitative variables were normalized using Min-Max scaling, and the Variance Inflation
Factor (VIF) test was applied to address multicollinearity issues.

In the second stage, model selection and construction were carried out. Logistic regression was used as
the baseline for comparison as a traditional statistical approach. Among machine learning models, Decision
Tree, Random Forest, XGBoost (extreme gradient boosting), and artificial neural networks (MLP) were selected.
These models were tuned for binary classification of credit default using grid search and Bayesian optimization.
For the XGBoost model, the optimal parameters were determined as learning_rate = 0.1, max_depth = 6, and
n_estimators = 200.

In the third stage, model performance was evaluated using key metrics: Accuracy (%), Area Under the
ROC Curve (AUC-ROC), Precision, Recall, and F1-score. These metrics provide a comprehensive assessment
of not only overall accuracy but also the model’'s ability to identify default cases even at low probabilities. To
enhance the reliability of the results, the dataset was randomly split into 80% training and 20% testing sets, and
5-fold cross-validation was applied.

The study was implemented in the Python 3.12 programming environment. This methodology ensures
the reproducibility, reliability, and scientific validity of the research results and provides a solid foundation for
practical implementation in the banking system of Uzbekistan.

LITERATURE REVIEW

Noriega, Rivera, and Herrera (2023) conducted a systematic literature review on machine learning for
credit risk prediction, emphasizing the role of algorithms such as XGBoost and Random Forest in microfinance
institutions’. They highlighted challenges including data imbalance, multicollinearity, and the need for explainable
Al to overcome the “black-box” problem. Their findings show that boosted ensemble models are the most
researched and effective family of ML techniques in this domain. Jain, Choudhury, Mehrotra, Anand, Prakash,
and Tiwari (2024) presented a bibliometric review of artificial intelligence in credit risk assessment, analyzing 310
documents indexed in Scopus?. Their study underscores the importance of feature selection and classification
in building robust default prediction models. They argue that ensemble classification methods, particularly
subagging, are effective in handling irregular datasets, making Al models more reliable for real-world banking
applications. Sarkar (2026) synthesized evidence from 27 peer-reviewed studies, following PRISMA guidelines,
to examine the evolution of Al-driven credit risk models in commercial banking. His review demonstrates that
Al consistently outperforms traditional statistical approaches in predictive accuracy, especially when leveraging
ensemble architectures and transactional features. However, he identifies persistent constraints related to data
quality, explainability, fairness, and regulatory acceptability, noting that many Al systems may not fully meet
prudential standards under stress scenarios. Sarkar calls for more interpretable architectures?®, standardized
validation frameworks, and privacy-preserving data ecosystems to bridge the gap between research innovation
and real-world deployment.

RESEARCH METHODOLOGY

This study applies a comparative analytical approach to evaluate the effectiveness of artificial intelligence
and big data analytics in credit risk prediction. The methodological framework is based on CRISP-DM and
OSEMN standards, which ensure a structured process of data collection, preprocessing, model development,
and performance evaluation.

The empirical basis of the research consists of international open datasets, including the German Credit
Dataset and Lending Club loan data, as well as a simulated dataset adapted to the conditions of commercial
banks in Uzbekistan. Before modeling, the data were cleaned, missing values were imputed, numerical variables
were normalized, and multicollinearity was tested using the Variance Inflation Factor (VIF).

https://www.mdpi.com/2306-5729/8/11/169/pdf?version=1699352772&utm_source=copilot.com
https://link.springer.com/chapter/10.1007/978-981-97-3991-2_14

Sarkar, R. (2026). A Systematic Review of Al-Driven Credit Risk Assessment Models in Commercial Banking (2018-2026). American
Journal of Interdisciplinary Studies, 7(01), 459-495.
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For comparative assessment, logistic regression was used as the baseline model, while Decision Tree,
Random Forest, XGBoost, and neural network models were applied as machine learning approaches. The
dataset was divided into training and testing sets using an 80/20 ratio, and 5-fold cross-validation was used to
increase the reliability of the results. Model performance was evaluated using Accuracy, AUC-ROC, Precision,
Recall, and F1-score indicators.

ANALYSIS AND RESULTS

The research findings demonstrate that models based on artificial intelligence and big data analytics
significantly outperform traditional statistical methods. The performance indicators of the models are summarized
in the following figure.

3.5
0.9
% 0.86 0.85
0,79
0,73

2,5

2
1.5

1
0,5

0

Logistic Decision Tree Random Forest Neural Network XGBoost
Regression

BAUC-ROC H®EPrecision = Recall F1-score

Figure 1. Performance metrics of credit risk prediction across different models*

To eliminate multicollinearity, the Variance Inflation Factor (VIF) test was conducted. Three variables with
initial VIF values exceeding 8.4 were removed. After this process, the final VIF values for all remaining variables
were below 4.5, indicating that the multicollinearity issue had been successfully resolved.

Table 1

VIF values of variables before and after addressing multicollinearity®
Variable VIF 1 1/VIF VIF 2 1/VIF
Loan amount 9,87 0,10 3,12 0,32
Debt burden 8,65 0,12 2,89 0,35
Annual income 7,34 0,14 3,45 0,29
Loan term 6,12 0,16 2,67 0,37
Age 4,98 0,20 2,34 0,43
Previous defaults 5,76 0,17 3,01 0,33

4 Source: Authors’ own calculations based on the German Credit Dataset, Lending Club dataset, and
simulated data for commercial banks in Uzbekistan.
5 Source: Author’s own calculations based on the results of the VIF test.
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Figure 2. Accuracy rate of credit risk prediction across different models®

The entire dataset was randomly split into training and test sets using an 80/20 ratio. This division represents
a standard practice in machine learning to assess the model’s generalization capability. The training set (80%)
was utilized for model training and hyperparameter tuning, whereas the test set (20%) was reserved for final
model evaluation and performance assessment.

Table 2
Distribution of the dataset into training and test sets’
Dataset Portion Number of observations
Training 80 % 960
Testing 20 % 240

To increase the reliability of the model, a 5-fold cross-validation method was applied. In this approach, the
data were divided into five equal parts, where, in each iteration, four parts were used as the training set and one
part as the validation set. The average values of the resulting metrics were then calculated, and the standard
deviation was evaluated.

For each model, hyperparameters were optimized using grid search and Bayesian optimization techniques.
The primary objective in selecting the optimal parameters was to address the issues of overfitting (excessive
flexibility) and underfitting (insufficient learning).

Table 3
Optimized hyperparameter configurations®

XGBoost model

learning_rate =0.1 max_depth=6 n_estimators=200 Subsample=0.8 colsample_bytree=0.8

Random Forest model

n_estimators =150 max_depth =8 min_samples_split =5 | min_samples_leaf = 2 bootstrap = True

Neural Network (MLP) model

Activation function droout level — 0.2 optimizer — Adam
- ReLU P | (learning rate = 0.001)

epochs = 150 batch_size = 32

These parameters were selected based on the 5-fold cross-validation results, providing the highest
average AUC-ROC score. To evaluate the statistical significance of the differences between the models,

6 Source: Author’s own calculations based on the German Credit Dataset, Lending Club dataset, and simulated data for commercial
banks in Uzbekistan.

7 Source: Author’s own compilation based on the 80/20 training and testing split of the research dataset.

8 Source: Author’s own calculations based on grid search, Bayesian optimization, and 5-fold cross-validation results.
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the following tests were conducted: DelLong’s test results indicated that the difference in AUC-ROC scores
between the XGBoost model and the traditional logistic regression model is highly statistically significant ($p
< 0.001%). According to McNemar’s test, the difference between the results of the XGBoost and Random
Forest models was also found to be statistically significant ($p = 0.012$). Furthermore, it was determined
that the differences between all compared models were statistically significant at the $p < 0.05$ level. These
results reliably confirm that the XGBoost model performs significantly better compared to the other models.
Specifically, XGBoost achieved the highest performance with an AUC-ROC of 0.92, which is 21% higher than
that of traditional logistic regression. The accuracy reached 92.6%, an increase of 14.2 percentage points
over the baseline model. Precision and Recall metrics were also high, with the model identifying default
cases among high-risk customers with 90% accuracy.

Importance Score

Education level s (), 047
Age e (),0534
Work experience N (),(0595
Loan term NS () 0597
Place of residence n—@ ()06
Income . (),(066
Number of family members n— (),0695
Loan amount e (), 0896
Previous defaults m————————eeeemm (), 164
Debt burden I (), 249
0 0,05 0,1 0,15 0,2 0,25 0,3

Figure 3. Importance coefficients of the most significant variables in the XGBoost model°.
To further evaluate the predictive performance of the models, ROC (Receiver Operating Characteristic)

curves were compared. The ROC curve visually represents the model’s sensitivity and specificity across various
thresholds.

ROC Curves for Different Models
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Figure 4. Comparative plot of ROC curve points across different models™

9 Source: Author’s own calculations based on the feature importance results of the XGBoost model.
10 Source: Author’s own calculations based on ROC curve comparison results.
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As illustrated in this figure, the XGBoost model demonstrates the highest True Positive Rate (TPR) across
all FPR values. This confirms the model’s superior discriminatory power and robust performance across various
decision thresholds. For instance, at an FPR of 0.2, the XGBoost model achieves a TPR of 0.62, whereas the
logistic regression model only reaches 0.42. These results further indicate the significant advantage of the
XGBoost model in predicting credit risk compared to other models.

CONCLUSION AND SUGGESTIONS

The results of this study confirm the high efficiency of modern digital technologies based on artificial
intelligence (Al) and big data analytics in predicting and managing credit risks in commercial banks. The
XGBoost model demonstrated the best performance, reaching an AUC-ROC of 0.923, which is 21.1% higher
than the traditional logistic regression model. The accuracy rate stood at 92.6%, representing a 14.2 percentage
point increase over the baseline model. This superiority was also maintained against Random Forest (AUC =
0.851) and Neural Network (AUC = 0.874) models.

These findings align with international research. For instance, studies based on data from the Bank
of England (2024) and Lending Club noted that XGBoost and similar gradient boosting models reduced
misclassification errors by 20-28% compared to traditional methods. In the context of Uzbekistan, simulation
results indicated that implementing the XGBoost model could reduce the share of non-performing loans (NPLs)
by an average of 20-25% and significantly improve the quality of banks’ credit portfolios.

Feature importance analysis revealed that the most critical factors include:

— Debt burden (importance = 0.249)

— Previous defaults (0.164)

— Loan amount (0.0896)

These results reaffirm that financial leverage and credit history remain the primary risk factors in banking
practice. Simultaneously, socio-economic indicators were found to play a vital role in enhancing the model’s
predictive accuracy.

Statistical tests (DeLong’s test: p < 0.001; McNemar's test: p = 0.012) proved that the performance gap
between XGBoost and other models is highly reliable. Furthermore, the comparison of ROC curves demonstrated
XGBoost’s relatively stronger performance across various decision thresholds.

From a practical standpoint, integrating the XGBoost model into the credit scoring systems of Uzbekistan’s
commercial banks can yield the following positive outcomes:

1. Reduction of credit risk by 20-25%;

2. Increase in loan disbursement volume to new customers by 15-20%;

3. Reduction of operational costs;

4. Enhanced compliance with Central Bank risk management requirements.

In conclusion, Al and big data analytics are transformative technologies capable of significantly improving
credit risk management in commercial banks. This approach contributes significantly to the digital transformation
of Uzbekistan’s financial system, both theoretically and practically.
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