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Abstract - The escalating complexity of criminal activities 
necessitates the use of advanced analytical tools for effective 
crime prevention and mitigation. This systematic review 
synthesizes recent advancements in artificial intelligence (AI), 
machine learning (ML), and deep learning (DL) techniques 
that have been applied to crime prediction. By analyzing over 
150 scholarly articles, this study elucidates prominent 
methodologies, including Geographic Information System 
(GIS)-based, statistical, ML-based, and DL-based approaches, 
and examines the diverse datasets utilized, particularly 
emphasizing the increasing availability and utility of public 
crime records. Key findings reveal a predominant focus on 
spatio-temporal crime hotspot prediction and crime type 
classification, with Artificial Neural Networks and Random 
Forest emerging as frequently employed algorithms. Despite 
significant progress in predictive accuracy, substantial 
challenges persist, notably concerning data quality, 
accessibility, and the interpretability and explainability of AI 
models. Consequently, this review underscores the imperative 
for the development of transparent and trustworthy AI 
systems, which is deemed essential to foster public confidence 
and ensure their ethical deployment. Future research 
trajectories are proposed to address extant deficiencies 
through the integration of explainable AI (XAI) techniques, 
exploration of hitherto underutilized ML categories, and 
systematic development of more robust, ethically sound, and 
inherently interpretable crime prediction models.  
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I. INTRODUCTION 
 
The pervasive nature of criminal activity poses significant 

societal and economic challenges worldwide. Traditional 
crime analysis methods, often reliant on manual 
investigation and reactive measures, frequently prove 
insufficient in adapting to evolving crime patterns and 
trends. The advent of artificial intelligence (AI), particularly 
machine learning (ML) and deep learning (DL), has 
revolutionized criminology by offering sophisticated tools 
capable of analyzing vast datasets to identify intricate 
patterns and anticipate future criminal occurrences. These 
technologies empower law enforcement agencies to 
transition from reactive responses to proactive crime 
prevention strategies, thereby optimizing resource 
allocation and enhancing public safety. 

 

Despite the promising potential of AI-driven crime 
prediction systems, their widespread adoption is contingent 
upon addressing their inherent limitations. A critical concern 
is the trustworthiness and interpretability of these complex 
models. Opaque "black-box" AI systems, while potentially 
highly accurate, can obscure the rationale behind their 
predictions, raising ethical questions regarding fairness, 
accountability, and potential biases, especially when applied 
to sensitive domains such as the criminal justice system. 
Moreover, challenges related to the availability of high-
quality, comprehensive, and ethically sourced crime data 
persist, hindering the development of universally applicable 
and robust predictive models for crime.  

 
This systematic review aims to provide a comprehensive 

synthesis of the current landscape of AI-based crime-
prediction research. It meticulously examines the diverse 
methodologies employed, characteristics of the datasets 
utilized, and performance of various algorithms. Particular 
emphasis is placed on the emerging field of explainable AI 
(XAI) and its role in enhancing the transparency and 
trustworthiness of crime prediction models. By critically 
analyzing the existing literature, this study identifies key 
advancements and persistent challenges and outlines 
promising future research directions necessary for the 
responsible and effective integration of AI in crime 
prevention efforts. 
 

II. LITERATURE SURVEY 
 
The domain of crime prediction has witnessed a 

significant evolution, transitioning from traditional 
statistical methods to advanced AI-driven approaches. Early 
methodologies primarily leveraged Geographic Information 
Systems (GIS) and hotspot analysis to visualize crime data 
and identify areas of concentrated criminal activity. While 
instrumental in strategic planning and resource allocation, 
these methods were often criticized for being more 
descriptive than truly predictive, primarily identifying areas 
where crime has occurred rather than forecasting where it 
will occur. Statistical techniques, such as AutoRegressive 
Integrated Moving Average (ARIMA) models, have 
historically provided valuable insights into temporal crime 
trends due to their inherent interpretability and ability to 
model time-series data. However, their capacity to account 
for the complex spatial dependencies and dynamic 
interactions inherent in crime data remains significantly 
limited, often treating locations as independent entities. To 
address these limitations, hybrid models, integrating the 
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strengths of statistical methods with the advanced pattern 
recognition capabilities of ML and DL, have emerged. These 
integrated approaches demonstrate enhanced accuracy by 
effectively capturing both complex spatiotemporal patterns 
and underlying temporal trends, thereby offering a more 
holistic predictive framework.  

 
The proliferation of machine learning (ML) in crime 

analysis since the early 2000s has marked a pivotal shift, 
fundamentally altering the landscape of predictive policing. 
This paradigm shift has enabled the generation of more 
timely and accurate forecasts concerning crime locations and 
timings, moving beyond mere descriptive analysis to 
actionable predictive intelligence. A diverse array of ML 
algorithms has been commonly employed in this context, 
including Linear Regression (LR) and Logistic Regression 
(LogReg) for modeling linear relationships and binary 
outcomes, respectively. Decision Trees (DT) offer 
transparent, rule-based classification, while ensemble 
models such as Random Forest (RF) and Gradient Boosting 
variants (e.g., XGBoost, AdaBoost) aggregate predictions 
from multiple trees to enhance robustness and accuracy. 
Support Vector Machines (SVM) are utilized for classification 
by finding optimal hyperplanes, and K-Nearest Neighbors 
(KNN) classify data points based on the majority class of 
their closest neighbors. These techniques offer varying 
trade-offs between predictive accuracy, model 
interpretability, and computational efficiency. Notably, DTs 
and various regression algorithms are often favored for their 
relative simplicity and clarity, which can be advantageous in 
contexts requiring direct understanding of predictive factors. 
For instance, Sridharan et al. (2024) applied Linear 
Regression and Random Forest algorithms to predict crime 
types in India, utilizing a dataset spanning 2001 to 2016 to 
forecast crime cases from 2017 to 2020. Their work 
emphasized the identification of "trend-changing years" as a 
critical feature for enhancing prediction accuracy, 
demonstrating the practical utility of these ML methods in a 
national context. 

 
Deep Learning (DL) represents a specialized and powerful 

branch of ML, distinguished by its utilization of multi-layered 
artificial neural networks designed to process vast and 
complex datasets. These networks excel in tasks such as 
intricate pattern recognition, feature extraction, and 
sophisticated predictive modeling, particularly when dealing 
with high-dimensional or unstructured data. Prominent DL 
models applied in crime prediction include Convolutional 
Neural Networks (CNNs), which are adept at processing 
spatial data and identifying localized patterns, making them 
suitable for crime hotspot analysis. Recurrent Neural 
Networks (RNNs) and their more advanced variants, such as 
Long Short-Term Memory Networks (LSTMs), are 
particularly wellsuited for modeling sequential and temporal 
data, thus proving effective in forecasting crime trends over 
time. Multilayer Perceptrons (MLPs), as foundational neural 
networks, also find application in various crime prediction 

tasks. While DL models have consistently demonstrated 
remarkable accuracy in predicting crime hotspots and rates, 
their intricate, multi-layered "opaque box" nature often 
impedes direct interpretability. This inherent lack of 
transparency necessitates the application of Explainable AI 
(XAI) techniques to provide insights into their decision-
making processes. Furthermore, hybrid approaches, which 
judiciously combine the strengths of DL architectures with 
traditional statistical methods like ARIMA, are increasingly 
being explored to further bolster prediction accuracy, 
enhance model robustness, and potentially improve the 
interpretability of complex spatio-temporal predictions. 

 
Mandalapu et al. (2023) conducted a systematic review 
that meticulously examined over 150 articles to explore the 
various machine learning and deep learning algorithms that 
have been applied to crime prediction. Their comprehensive 
analysis focused on identifying patterns and trends in crime 
occurrences, providing valuable insights into the different 
trends and factors related to criminal activities. This review 
also critically assessed the datasets used by researchers for 
crime prediction, offering an overview of their 
characteristics and accessibility. The work of Mandalapu et 
al. is particularly significant as it synthesizes a broad 
spectrum of research, highlighting the diverse 
methodological landscape and the evolving challenges, 
especially concerning the interpretability of advanced 
models within the crime prediction domain. Their findings 
contribute to a clearer understanding of the state-of-the-art 
and future research directions, particularly in the context of 
balancing predictive performance and model transparency. 
 

Similarly, Jenga et al. (2023) presented a systematic 
literature review focused on machine learning for crime 
prediction, evaluating state-ofthe-art techniques developed 
over the preceding decade. Their study, which encompassed 
68 selected machine learning papers, aimed to synthesize 
knowledge regarding ML-based crime prediction to assist 
law enforcement authorities and scientists in mitigating and 
preventing future crime occurrences. Jenga et al. 
meticulously discussed the possible challenges inherent in 
the field and provided a forward-looking discussion of future 
work. A key observation from their review was that most of 
the analyzed papers utilized a supervised machine learning 
approach, predicated on the assumption of prior labeled 
data. This study underscores methodological preferences 
within the field and reinforces the ongoing need to address 
practical challenges, such as data availability and the ethical 
implications of predictive policing.  

 

III. METHODOLOGY 
 
This systematic review was meticulously conducted to 
ensure comprehensive coverage and rigorous analysis of 
scholarly works pertaining to the use of artificial intelligence 
in crime prediction. The research methodology comprised a 
two-stage approach, primarily leveraging the Scopus 
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database, which is recognized for its extensive repository of 
scientific literature abstracts and citations, offering broad 
global and regional coverage.  

Search Strategy and Data Collection: The initial stage 
involved defining a precise search query to identify relevant 
publications. The query encompassed key terms such as 
'crime prediction' AND 'artificial intelligence' OR 'crime 
prediction' AND 'machine learning' OR 'crime prediction' 
AND 'deep learning' OR 'crime prediction' AND 'explainable 
AI' OR 'crime prediction' AND 'interpretability.’ The search 
was limited to recent papers published from January 1, 2015, 
to May 1, 2024, yielding 660 publications.  

Inclusion and Exclusion Criteria: To refine the selection of 
primary studies, stringent inclusion and exclusion criteria 
were applied. Papers were considered for inclusion if they 
focused on crime categories identified by the National 
IncidentBased Reporting System (NIBRS), specifically:  

• Crimes against persons (e.g., burglary, homicide, 
human trafficking, kidnapping, and sex offenses).  

• Crimes against property (e.g., burglary, motor 
vehicle theft, fraud, and robbery).  

• Crimes against society (e.g., drug/narcotic offenses).  

Conversely, papers were excluded if they were not 
written in English or did not directly address AI-based 
crime prediction. After this rigorous selection process, 
142 articles remained for a detailed analysis.  

Data Extraction and Synthesis: The second stage of the 
methodology focused on extracting and synthesizing 
valuable information from the selected articles. For each 
paper, data pertaining to the following aspects were 
recorded:  

• Type of Crime Addressed: Categorization based on 
NIBRS system.  

• Dataset Description: Details regarding the 
dataset(s) used, including their source, size, and 
intrinsic characteristics.  

• Dataset Accessibility: Classification of datasets as 
either public or private, noting available links.  

• AI Approach Type: Identification of the primary AI 
methodologies employed (e.g., GIS-based, statistical, 
ML-based, DLbased, hybrid).  

 

IV. RESULTS AND DISCUSSION 
 
The systematic review of 142 scholarly articles published 
between 2015 and 2024 reveals significant insights into the 
application of AI technologies for crime prediction.  

A. Analysis of Datasets Used in Crime 
Prediction The analysis of datasets revealed 
several key aspects. Theft, robbery, and assault 
emerged as the most frequently studied crime 
types, collectively accounting for a substantial 
portion of the research focus. Geographically, 
crime data from the United States, particularly 
from major cities like Chicago (33.70%), New York 
City (13.04%), San Francisco (11.96%), and Los 
Angeles (7.61%), dominated the field. Datasets from 
India (7.78%), China, and Brazil (3.33% each) also 
featured prominently. A significant finding was the 
high proportion of public datasets utilized 
(77.55%), indicating a growing trend towards data 
transparency and accessibility, largely facilitated by 
police department data portals (e.g., Chicago, NYC, 
San Francisco) and platforms like UCI, Kaggle, and 
GitHub. However, a notable limitation is the 
restricted number of available datasets, with many 
lacking crucial time and location information, 
underscoring a pressing need for broader public 
accessibility of comprehensive crime data. 

 
B. Analysis of Approach Types and Prediction 

Objectives Traditional ML techniques were the 
most commonly employed approaches in crime 
prediction studies (42%), followed by DL 
techniques (26%), GIS-based hotspot prediction 
(20%), and statistical methods (13%). Hybrid 
approaches, integrating these diverse 
methodologies, demonstrated significant 
advancements in predictive efficiency, particularly 
for pre-crime predictions by correlating spatial and 
temporal patterns.  

 
Regarding prediction objectives, the most frequently 
pursued goal was the prediction of spatio-temporal 
crime hotspots (36.62%), emphasizing the 
integration of both temporal and spatial dimensions 
for a comprehensive understanding of crime 
dynamics. This was followed by crime type 
prediction (31.69%) and crime occurrence 
prediction (23.24%). A noticeable shift towards 
combining crime mapping with advanced 
visualization support (e.g., heat maps, 3D 
visualizations) has been observed since 2020, 
reflecting a demand for intuitive tools for analysts 
and decision-makers. 

 
C. Analysis of Prediction Techniques and 

Explainability A wide array of 20 prediction 
techniques were identified, with classical ML 
techniques dominating. Random Forest was the 
most commonly used (16.05% of studies), followed 
by Decision Trees (11.15%), SVM (9.07%), Naïve 
Bayes (7.91%), and KNN (7.91%). Among the DL 
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techniques, LSTM (4.42%) was the most prevalent, 
followed by MLP, NN, and CNN. Hybrid models, 
integrating multiple techniques, consistently 
demonstrated enhanced performance.  

A critical observation was the limited explicit 
consideration of explainability aspects in the 
reviewed papers. While some studies employed 
interpretable-by-design models (ante-hoc 
explainability) like Decision Trees, a dedicated 
discussion on the explainability of model decisions 
was often absent. For opaque "black-box" models, 
post-hoc explainability methods, particularly SHAP 
and LIME, were identified as the most frequently 
employed techniques when explainability was 
addressed. This highlights a significant research 
gap: despite the recognized importance of 
transparency for building trust in AI systems, the 
integration and explicit discussion of XAI in crime 
prediction models remain underdeveloped. 

V. CHALLENGES & FUTURE DIRECTIONS 
 

Future techniques for improving the accuracy of crime 
prediction will move beyond traditional methods to embrace 
advanced deep learning architectures, sophisticated hybrid 
models, and novel data sources.  

Graph Neural Networks (GNNs) are poised to become a key 
tool, as they can model the complex network of relationships 
between different crime locations, individuals, and events, 
offering a more nuanced understanding than isolated data 
points. Another powerful deep learning approach involves  

Transformer models, which were originally used in natural 
language processing, are excellent at identifying long-range 
patterns in time-series data, making them highly effective for 
forecasting crime trends over extended periods.  

Furthermore, hybrid models will play a crucial role in 
combining the strengths of different techniques. For 
example, integrating deep learning models like  

LSTMs (for temporal patterns) combined with statistical 
methods, such as ARIMA, can create a more robust and 
accurate predictive framework. This fusion of methodologies 
is part of a broader trend toward multimodal data fusion, 
where future models will combine traditional crime records 
with a wider variety of unstructured data, including urban 
planning information, public transit usage, and real-time 
sensor data, to provide a more comprehensive picture for 
analysis. These advanced techniques, when combined, are 
expected to significantly enhance the predictive power and 
accuracy of crime prediction systems  

 VI. CONCLUSION 

However, this review also highlights several critical 
challenges that necessitate concerted future efforts. 
Paramount among these is the imperative to develop AI 
models that are not only highly accurate but also inherently 
transparent, interpretable, and trustworthy. The current 
literature reveals a notable gap in the explicit integration 
and discussion of explainable AI (XAI) techniques, 
particularly for complex "black-box" models. Addressing 
issues of fairness, accountability, privacy, and potential 
biases embedded within AI systems is crucial for ensuring 
their ethical and socially responsible deployment in sensitive 
contexts, such as criminal justice. Furthermore, enhancing 
data quality, diversity, and accessibility, especially for less 
frequently studied crime types and regions, remains vital for 
improvement.  

Future research should prioritize the development of novel 
XAI methods tailored for crime prediction to enable clearer 
insights into model decision making processes. This includes 
exploring both ante-hoc (interpretable-by-design) and post-
hoc explanation techniques, rigorously evaluating their 
effectiveness, and integrating them into practical 
applications in real-world scenarios. Additionally, efforts 
should focus on creating robust, scalable, and ethically sound 
AI frameworks that can effectively leverage diverse data 
sources while mitigating the inherent biases. By bridging the 
gap between predictive power and interpretability, the field 
can advance towards more effective, equitable, and publicly 
trusted AI-driven crime prevention strategies.  
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