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Abstract 
Crime prediction is an important tool for improving proactive policing and community safety. Previous 
studies have explored different predictive models, with most focusing on classification algorithms. 
However, these models often perform poorly, give little attention to ensemble methods, and rarely 
consider dimensionality reduction. Some scholars have suggested that combining prediction approaches 
could improve results, particularly in areas with high crime rates. Our research addresses these 
limitations by applying bagging and boosting techniques to the San Francisco crime dataset and further 
enhancing performance through dimensionality reduction. Bagging and boosting, as ensemble methods, 
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improve predictive power by combining several weak learners into stronger models. In addition, this 
research introduces a newly developed Nigerian police dataset (from Kano State, Bompai Division) to 
test the adaptability of these models in a local context. Decision Tree and Random Forest were used 
under bagging, while Gradient Boosting and Extreme Gradient Boosting were applied under boosting. 
On the Nigerian dataset, the model achieved accuracies of 83%, 88%, 88%, and 88% respectively. 
Model performance was evaluated using accuracy, precision, recall, F1-score, AUC, and average 
precision. Although the Nigerian dataset is relatively small, its contextual relevance and high quality 
make it valuable for capturing local crime patterns. This research contributes to predictive policing by 
helping security personnel identify high-risk areas, respond effectively, and maintain law and order. It 
also provides a useful reference for future researchers in the field. 
 
Keywords: Crime Prediction, Bagging, Boosting, Dimensionality Reduction, Ensemble 
Learning. 
 
INTRODUCTION 
Crime remains one of the major challenges facing societies worldwide, threatening public 
safety, economic development, and social stability. The ability to predict crime accurately 
allows law enforcement agencies to allocate resources effectively, take preventive measures, 
and reduce overall crime rates. Traditional crime analysis often depends on historical statistics 
and expert judgment, but these approaches struggle to capture the complex and evolving 
patterns of criminal activity Awal A. et al. (2022). Crime is unpredictable by nature and 
disrupts communities. In predictive terms, it can be framed as a classification task, where the 
likelihood of specific criminal events is estimated based on features describing certain areas 
or environments Cichosz P (2020). 

 
The growth of machine learning provides powerful tools for analysing large datasets and 
uncovering hidden relationships, thereby improving prediction accuracy. Crime is commonly 
defined as an offence against public law, but its causes and impacts are multifaceted, shaped 
by personal choices as well as social, cultural, and political factors. Studies have shown that 
elements such as time, weather, environmental conditions, and past crime events influence 
the likelihood of future incidents Eshetu (2020). Reducing crime is therefore a priority for 
governments, as it directly affects citizens’ quality of life, economic prosperity, and even 
tourism Faisal (2022).  

 
V & S (2024) recommended that there is need to further progress the flexibility and efficiency 
of the ensemble-based crime prediction model. Initially, examining new ensemble approaches 
like dynamic ensemble choice in order to enhancee prediction accuracy. Additionally, 
Sardana et al. (2021) utilized Random Forest, Gradient Boosting and Naive Bayes with San-
Francisco data set and suggested to use other machine learning algorithms to improve the 
model performance. Also, (Pavel Rahman et al. 2021 and Safat W. et al 2021) suggested using 
a different dataset 

 
To address the above gap, this study aims to build an enhanced crime prediction model using 
ensemble learning methods (bagging and boosting) which are both dynamic ensemble 
techniques alongside dimensionality reduction. Ensemble learning combines multiple models 
to overcome the weaknesses of individual learners. Bagging methods, such as Decision Trees 
and Random Forest, reduce variance and overfitting, while boosting methods, including 
Gradient Boosting and Extreme Gradient Boosting, reduce bias by correcting errors in 
sequence. Dimensionality reduction complements these techniques by simplifying datasets, 
lowering computational cost, and improving model robustness. By applying these methods 
to both the San Francisco dataset and a newly collected Nigerian dataset (Bompai division 
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kano state), our research demonstrates the usefulness and adaptability of ensemble-based 
crime prediction. 
 
Methodology 
The research followed a structured methodology consisting of data collection, pre-processing, 
model training, and evaluation. 
 
Data Collection 
Two datasets were used: 

i. Nigerian Police Dataset: A newly compiled dataset (CrimesNigeria2025.csv), 
created through unstructured interviews with the Police Public Relations Officer 
(PPRO) and his assistant at Bompai, Kano State. The dataset reflects local crime 
conditions and contains attributes relevant to the Nigerian context. 

ii. San Francisco Dataset: An existing, widely used dataset that serves as a benchmark 
for comparison and to test the generalizability of the models. 

 
Data Pre-processing 
Before training, the datasets were prepared through handling missing values, dropping 
irrelevant features, and encording categorical variables into numerical format. 
 
Proposed Model 
The central contribution of this research is the use of bagging and boosting ensemble 
techniques. 
Bagging (Decision Tree, Random Forest): Reduces overfitting and variance by generating 
multiple training subsets through bootstrapping. 
Boosting (Gradient Boosting, XGBoost): Builds models sequentially, focusing more on 
misclassified instances in each step, thereby reducing bias and improving accuracy. 
 
Recent work V. S. N. & S. P. B. (2024) has recommended exploring dynamic ensemble selection 
and meta-learning to further strengthen prediction performance. This study applies bagging 
and boosting in line with these insights. 
 
Model Training and Evaluation 
The datasets were split into 70% training and 30% testing portions. Each model was trained 
on the prepared training data and then evaluated on the test set. Performance was assessed 
using multiple metrics; accuracy, precision, recall, F1-score, AUC score, and AUC-precision 
to provide a comprehensive measure of predictive capability. 
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Figure 1: Architecture of the proposed model 

  
RESULTS AND DISCUSSION 
This section outlines the experimental findings from the implemented crime prediction 
models and provides a detailed interpretation of their performance. 
 
Experiment 1: Bagging and Boosting on Nigerian Police Records 
The outcomes from both experimental stages highlight the effectiveness of machine learning 
in predicting criminal activities. In particular, ensemble approaches such as Bagging and 
Boosting delivered stronger results, reinforcing the argument that these methods significantly 
improve predictive accuracy. The study also incorporated dimensionality reduction through 
selective column elimination. However, applying and comparing more structured 
dimensionality reduction techniques could yield further optimization by addressing the curse 
of dimensionality and reducing irrelevant features. 
 
Exploratory Data Analysis of the Nigerian Dataset 
The preliminary assessment of the dataset, specifically the “Primary Type” attribute, revealed 
that the most common category was mobile phone robbery, followed by armed robbery and 
theft. 
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Figure 2: Distribution of Primary Crime Types in the Nigerian Dataset.  

 
Experiment 1: Model Performance with Bagging and Boosting algorithms 
Decision Tree, Random Forest, Gradient Boosting, and Extreme Gradient Boosting classifiers 
were applied to the Nigerian dataset.  
 
The result in the below table showed that Decision Trees and Random Forest achieved around 
83% and 88% accuracy, respectively, reflecting reasonable predictive capacity. Precision 
values indicated that the predictions were correct in nearly 90% of cases, while recall values 
demonstrated the models’ ability to identify the majority of actual crime cases (above 92% and 
up to 99%). The F1-scores suggested a balanced and reliable performance. 
 
Furthermore, Gradient Boosting and XGBoost provided competitive results, with accuracies 
close to 89% and balanced F1-scores above 93%. These outcomes confirm the effectiveness of 
both Bagging and Boosting, setting a strong foundation for future refinement of crime 
prediction models. 
 
Table 1 model analysis for the Bagging and Boosting on Nigerian dataset 

Matric Decision tree Random Forest Gradian Boosting XG-Boost 

Accuracy 0.8346 0.8897 0.8897 0.8818 
Precision 0.8974 08968 0.8968 0.896 
Recall 0.9210 0.9912 0.9912 0.9824 
F1 0.9090 0.9416 0.9466 0.9372 
AUC-Score 0.4989 0.4956 0.4956 0.4912 
AUC-Precision 0.8974 0.8968 0.8968 0.8960 

 
Experiment 2: Boosting and Bagging on a San Francisco-like Dataset 
In the second experiment, a dataset with similar features to San Francisco crime records was 
used. After preprocessing steps, including column removal and label encoding of categorical 
attributes, Gradient Boosting and other ensemble models were applied. The enhanced models 
exhibited improved performance when compared with earlier studies on the same dataset, 
particularly outperforming traditional methods such as Logistic Regression, Naïve Bayes, and 
unoptimized Gradient Boosting. 
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DISCUSSION 
Earlier research, such as Sardana et al. (2021) explored multiple classifiers including Logistic 
Regression, Random Forest, Naïve Bayes, and Gradient Boosting. Their methodology 
involved data exploration, encoding categorical variables, and cross-validation with 
parameter tuning. However, their reported results highlighted the need for further 
improvement with advanced algorithms. The below table shows an existing model that 
utilized Logistic regression, Random Forest, Gradients Boosting and Naïve bayes with F1 
Measure and Logloss metrics. 

 
Table 2 Crime prediction model with San Francisco Dataset (before enhancing) 

 
Matric Logistic 

Regression 
Random Forest Gradian Boosting Naïve Bayes 

F1 Measure 0.154 0.190 0.151 0.154 
LogLoss 2.53041 16.7994 2.53044 2.8516 
     

 
Below is the developed model (used same dataset for comparison) that utilized bagging and 
boosting with Accuracy, precision, recall F1-measure, AUC-score and AUC-Precision (our 
enhanced model, 2025). Dimensionality reduction also applied to the San-Francisco dataset 
since it has numerous features that are not relevant to crime incident. 
 
Table 3 crime prediction with San Francisco Dataset (after enhancing) 

Matric Decision tree Random Forest Gradian Boosting XG-Boost 

Accuracy 0.81187 0.8182 0.8354 0.249 
Precision 0.44266 0.4378 0.5379 0.835 
Recall 0.33417 0.3217 0.0699 0.531 
F1 0.3886 0.3761 0.1238 0.163 
AUC-Score 0.6230 0.6226 0.5289 0.567 
AUC-Precision 0.2630 0.2557 0.1922 0.226 

 
The proposed model demonstrated strong performance across various evaluation metrics, 
including Accuracy, Precision, Recall, F1-score, AUC-Score, and AUC-Precision. Specifically, 
on the Nigerian dataset. By contrast, the enhanced ensemble models   demonstrates that 
Bagging and Boosting approaches provide more balanced and consistent predictive power, 
strengthening the evidence for ensemble learning as a reliable framework for crime 
prediction. 
 
Across both experiments, the findings validate the efficiency of ensemble learning methods in 
crime prediction. Bagging and boosting consistently achieved high performance and proved 
to be effective at capturing complex patterns within the data. Additionally, the research 
experimented with dimensionality reduction, though only at a basic level. Expanding this 
aspect by systematically comparing different dimensionality reduction strategies could help 
enhance accuracy, minimize noise, and better handle large feature spaces. 
 
Future investigations should prioritize deeper integration of dimensionality reduction, 
alongside evaluating different ensemble variants, to determine the most resilient model for 
diverse datasets and geographical contexts. 
 
CONCLUSION 
This research has demonstrated the potential of machine learning, particularly ensemble-
based methods such as Bagging and Boosting, in advancing crime prediction. The application 
of these models on both Nigerian and San Francisco-like datasets produced high accuracy, 
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underscoring their value in predictive analytics. The results confirm that ensemble 
approaches not only enhance classification accuracy but also offer valuable insights into crime 
patterns, which can support proactive strategies for law enforcement. 
 
RECOMMENDATIONS 
To extend the contributions of this research, several directions are recommended: 
Dataset Expansion and Generalization: Future studies should incorporate larger and more 
varied datasets, particularly from different regions in Nigeria and beyond, to strengthen 
generalizability and adaptability across different socio-economic and geographic contexts. 
 
Real-Time Prediction and Practical Deployment: Efforts should be made to test the feasibility 
of applying the optimized models in real-time environments. This would allow for continuous 
monitoring and predictive analysis, offering law enforcement agencies timely insights for 
operational decision-making. The creation of more sophisticated features could significantly 
boost model performance. Temporal factors (time of day, day of week, or seasonal variations), 
spatial information (crime hot-spots, proximity to critical locations), and interaction effects 
between features should be explored to better capture the complexity of criminal activity. 
 
References 
Awal, A. A., Rabbi, J., Hossain, S. I., & Hashem, M. M. A. (2022). Using linear regression to 

forecast future trends in crime of Bangladesh. In Proceedings of the IEEE Conference (pp. 
333-338). IEEE. 

Cichosz, P. (2020). Crime risk prediction for urban micro-areas using classification models. 
Applied Sciences, 10(15), 5320. https://doi.org/10.3390/app10155320 

 Eshetu, M. M., Mengistu, B. A., & Mulugeta, S. A. (2020). Crime occurrence prediction using 
deep learning: The case of Bole Sub-City, Addis Ababa, Ethiopia. Journal of Big Data, 
7(1), pp 1-22. https://doi.org/10.1186/s40537-020-00366-4 

Faisal, M. S., Roy, S., & Rakib, M. R. (2022). A novel hybrid spatio-temporal and 
meteorological approach for crime prediction. International Journal of Computer Science 
and Network Security, 22(4), pp 162-169. 

Ganesan, N., Sundaram, B., & Ganesan, R. (2024). Crime prediction using machine learning 
algorithms. Journal of Cyber Security and Data Privacy, 1(1), pp 1-10. 

 Ianculescu, M. S., Olah, L. A., & Olah, M. S. (2022). Artificial intelligence & crime prediction: 
A systematic literature review. Social Sciences & Humanities Open, 6(1), 100342. 

Jenga, K. A., Opiyo, P. A., & Mwangangi, E. M. (2022). A systematic review of machine 
learning-based crime prediction: Techniques, challenges, and future directions. Journal 
of Big Data Analytics in Transportation, 4(2), 1-15. 

Krishna, K. V. (2023). Crime prediction model using machine learning techniques. 
International Journal of Advanced Trends in Computer Science and Engineering, 12(4), 164-
168. 

Kumar, V. V., Kumar, K. R., Kumar, A., & Sarma, V. S. (2023). Spatio-temporal crime analysis 
and forecasting on Twitter data using machine learning algorithms. In V. S. Kumar, 
M. P. Singh, A. K. Singh, & P. Kumar (Eds.), Artificial Intelligence and Applications (pp. 
77-88). Springer Nature Singapore. 

Mulongo, J. M. (2021). Development of a Crime Prediction and Analysis Tool for Local Society Using 
Data Science and Technology. [Doctoral dissertation, Kenyatta University]. 

Pavel Rahman, M., Ifranul Hoque, A. K. M., Faysal Ahmed, M., Iftekhirul, I., Alam, A., & 
Hossain, N. (2021). Bangladesh Crime Reports Analysis and Prediction. Proceedings - 
2021 International Conference on Software Engineering and Computer Systems and 4th 
International Conference on Computational Science and Information Management, ICSECS-
ICOCSIM 2021, 453–458. https://doi.org/10.1109/ICSECS52883.2021.00089 

https://www.google.com/search?q=https://doi.org/10.3390/app10155320
https://www.google.com/search?q=https://doi.org/10.1186/s40537-020-00366-4


Enhanced Crime Prediction Model Using Bagging and Boosting Algorithms 

J. A.Sani et al, DUJOPAS 11 (4b): 75-82, 2025                                                                                                82 
 

Rudra, S., Gangopadhyay, A., & Das, S. (2021). Crime prediction in Bangalore city using 
machine learning techniques. Journal of Physics: Conference Series, 1716(1), 012017. 
https://doi.org/10.1088/1742-6596/1716/1/012017 

Safat, W., Asghar, S., & Gillani, S. A. (2021). Empirical Analysis for Crime Prediction and 
Forecasting Using Machine Learning and Deep Learning Techniques. IEEE Access, 9, 
70080–70094. https://doi.org/10.1109/ACCESS.2021.3078117 

Sardana, D., Marwaha, S., & Bhatnagar, R. (2021). Supervised and Unsupervised Machine 
Learning Methodologies for Crime Pattern Analysis. International Journal of Artificial 
Intelligence & Applications, 12(1), pp 83–99. https://doi.org/10.5121/ijaia.2021.12106  

Shah, N., Bhagat, N., & Shah, M. (2021). Crime forecasting: A machine learning and computer 
vision approach to crime prediction and prevention. Vision, Computing and Industry, 
Biomedicine, Art, 4(1), 1-14. 

Sridharan, S., Kumar, R., & Raja, K. (2024). Crime prediction and analysis using machine 
learning. Journal of Intelligent Systems, 33(1), 22-35. https://doi.org/10.1515/jisys-2023-
0105 

V, S. N., & S, P. B. (2024). Crime Prediction Using Ensemble Approach. 
 Wubineh, Z. (2024). Crime analysis and prediction using machine learning techniques. 

International Journal of Computer Science and Network Security, 24(3), 1-8. 
Xu, Jingyi He., & Wang, S. (2021). Prediction of crime rate in urban neighborhoods based on 

machine learning. Engineering Applications of Artificial Intelligence, 106, 104460. 
https://doi.org/10.1016/j.engappai.2021.104460 

Yedaya, M., & Ryadi, M. (2023). Investigating Crime Patterns in New York City using Spatial 
Point Pattern Analysis Techniques. ResearchGate. 
https://www.researchgate.net/publication/366904584_Investigating_Crime_Pattern
s_in_New_York_City_using_Spatial_Point_Pattern_Analysis_Techniques 

Yunus, M., & Kurniawan, M. (2024). Predictive System for Road Crime Based on Spatio-
Temporal Data Using Machine Learning. Journal of Cyber Security and Data Privacy, 1(1), 
1-10. 

Zhang, H., Wu, J., Zhang, C., & Ma, Z. (2020). Spatiotemporal patterns and influencing factors 
of crime rates during the 2020 Black Lives Matter protests. Sustainability, 12(23), 10078. 
https://doi.org/10.3390/su122310078 

 
 

https://doi.org/10.1088/1742-6596/1716/1/012017
https://doi.org/10.5121/ijaia.2021.12106
https://www.google.com/search?q=https://doi.org/10.1515/jisys-2023-0105
https://www.google.com/search?q=https://doi.org/10.1515/jisys-2023-0105
https://doi.org/10.1016/j.engappai.2021.104460
https://www.researchgate.net/publication/366904584_Investigating_Crime_Patterns_in_New_York_City_using_Spatial_Point_Pattern_Analysis_Techniques
https://www.researchgate.net/publication/366904584_Investigating_Crime_Patterns_in_New_York_City_using_Spatial_Point_Pattern_Analysis_Techniques
https://www.google.com/search?q=https://doi.org/10.3390/su122310078

