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ABSTRACT  
Occupational safety and health is a critical component in protecting workers and sustaining organizational operations, particularly in high-risk 
sectors such as energy, construction, and manufacturing. Conventional reactive approaches to occupational safety and health are often insufficient 
to prevent workplace accidents. Digital transformation has enabled the adoption of predictive analytics as a proactive strategy, utilizing historical 
data and machine learning algorithms to identify risks before incidents occur. This study aimed to systematically review the application of predictive 
analytics for the early detection of occupational accidents, mapping the methods, algorithms, and implementation outcomes across various 
industries. A scoping review was conducted following the PRISMA-ScR framework. Articles published between 2015 and 2025 were retrieved 
from IEEE Xplore, ScienceDirect, and PubMed. From 264 identified records, 9 relevant empirical studies were included in the final analysis. The 
review indicates that commonly applied algorithms, including Random Forest and Support Vector Machine, demonstrate high predictive 
performance in identifying accident risks, ergonomic hazards, and worker compliance, with accuracy levels reaching 90% or higher. The 
implementation of predictive analytics was associated with a reduction in workplace accidents of up to 25% and contributed to improved safety 
management through early warning systems. This systematic review underscores the significance of predictive analytics in transforming 
occupational safety and health management from a reactive to a proactive approach. The integration of big data, Internet of Things, and artificial 
intelligence supports the development of data-driven systems for effective accident prevention and provides practical recommendations for 
researchers and occupational safety and health practitioners to adopt predictive models within sustainable prevention strategies. 
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INTRODUCTION 
Occupational Safety and Health plays an essential role in ensuring business continuity while protecting workers, particularly in high-risk sectors 

such as manufacturing, oil and gas, mining, and construction [1]. To date, Occupational Safety and Health management practices have largely 
been reactive, with interventions implemented only after incidents occur. Such an approach has often proven insufficient in reducing both the 
severity and frequency of workplace accidents. The rapid advancement of digital technologies offers an opportunity to shift this paradigm toward 
a preventive approach through the application of predictive analytics. This method integrates statistical techniques, predictive algorithms, and 
machine learning to identify patterns and estimate potential risks before incidents actually occur [2]. 

Recent developments in data analytics have expanded the potential for applying predictive analytics in Occupational Safety and Health. 
Previously, these methods have been widely utilized in the financial, transportation, and healthcare sectors to support data-driven decision-making 
[3]. In the context of Occupational Safety and Health, predictive analytics enables the identification of risk patterns and the generation of early 
warnings regarding potential incidents, including unsafe behaviors, hazardous working conditions, worker fatigue, and equipment reliability issues 
[4]. This can be achieved by leveraging historical data through data mining techniques, Internet of Things–based sensors, and machine learning 
algorithms [5]. Such an approach aligns with the proactive safety management paradigm, which emphasizes early detection and timely intervention 
prior to incident occurrence, thereby enabling preventive and corrective actions to reduce accident likelihood. 

Despite its considerable potential, the literature indicates that the application of predictive analytics in Occupational Safety and Health remains relatively 
novel and insufficiently explored. Most existing studies focus primarily on mathematical or algorithmic model development, while methodological aspects, 
key performance indicators, and industry-level best practices have not been comprehensively examined. This situation reveals a knowledge gap that must 
be addressed to facilitate more effective integration of predictive analytics into Occupational Safety and Health management systems. 

The utilization of Internet of Things technologies, smart sensors, big data, and artificial intelligence also enables organizations to collect large volumes 
of real-time data related to worker behavior, equipment conditions, environmental exposure, and ergonomic factors [6]. These data can then be processed 
using predictive analytics to generate actionable insights for early accident prevention. Therefore, predictive analytics can be regarded as a critical 
component in the development of technology-driven safety systems, consistent with the broader trend of digital transformation in global industries [7]. 

In the Indonesian context, research on the use of predictive analytics in Occupational Safety and Health is increasingly important, given that 
reported workplace accident rates remain at concerning levels. This underscores the need for more proactive and data-driven risk mitigation 
strategies. The implementation of predictive analytics in Occupational Safety and Health management is expected to reduce accident potential 
and strengthen a more adaptive and modern safety culture [8], while aligning with international standards such as ISO 45001:2018 and national 
regulations, including Government Regulation No. 50 of 2012 concerning the Occupational Safety and Health Management System. 

Furthermore, existing literature demonstrates that studies on predictive analytics in Occupational Safety and Health are dispersed across various 
sectors without comprehensive synthesis, exhibiting substantial variation in approaches and outcomes [9]. This condition highlights a clear research 
gap that necessitates systematic mapping of analytical methods, modeling approaches, and key findings across industries. Accordingly, this study 
seeks to provide a structured and comprehensive synthesis of the current state of predictive analytics applications in Occupational Safety and Health, 
identify existing research gaps, and formulate both conceptual and practical recommendations for researchers and practitioners. 

Ultimately, this study explicitly aims to systematically review and synthesize the existing evidence on the application of predictive analytics for 
early detection of occupational accidents, with the objective of clarifying methodological trends, identifying implementation challenges, and 
supporting the development of proactive, data-driven Occupational Safety and Health management systems. 
 

METHODS 
This study employed a descriptive scoping review method using the PRISMA-ScR framework, as it provides a systematic and transparent 

process for literature searching, selection, and analysis [10]. This approach was selected because the body of knowledge concerning predictive 
analytics for the early detection of potential occupational accidents is still evolving, thereby requiring an initial mapping of research trends, applied 
approaches, and key variables addressed in previous studies. 
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The search utilized combinations of the following keywords: “predictive analytics” OR “machine learning” OR “data mining” AND “occupational 
safety” OR “workplace accident” OR “accident prevention” AND “implementation” OR “deployment” OR “case study.” The inclusion criteria comprised 
journal articles published between 2015 and 2025, classified as empirical studies (such as observational studies, case studies, or model validation 
studies), and employing historical data with predictive analytics approaches, including machine learning, data mining, deep learning, or predictive 
statistical models, to predict or enable early detection of occupational accidents or near-miss incidents within the context of occupational safety. 

 

RESULTS 
The Scoping Review stages applied in this study included 

identification, eligibility screening, and final article selection [10]. The 
literature search was conducted across several major databases, 
namely IEEE Xplore, ScienceDirect, and PubMed. Data collection 
employed a documentation method, and articles were accessed 
through the Full Open Access Library of Universitas Indonesia, as 
illustrated in Figure 1. In the initial PRISMA stage, 264 scientific 
articles were identified. Following preliminary screening based on the 
inclusion criterion of publication year, 141 articles remained. 
Subsequent title and abstract screening yielded 11 articles. Of these, 
one article was not an empirical study and another did not align with 
the objective of this study, resulting in a final inclusion of 9 scientific 
articles that met the inclusion criteria, as presented in Table 1. 

Overall, the literature mapping indicates that the application of 
predictive analytics in occupational safety continues to expand across 
multiple sectors, particularly construction, energy, and mining [8]. The 
most dominant approaches involve machine learning and deep 
learning methods, including Convolutional Neural Networks, Support 
Vector Machines, Random Forest, Logistic Regression, and Extreme 
Gradient Boosting, which are employed to classify incidents, identify 
risk behaviors, or predict accident potential [11–15].  

   Figure 1. Scoping review stages using the PRISMA-ScR approach 
Table 1. Results of the scoping review findings 
 

No Author and year Article title Predictive analytics method Type of data used Results 
1 Laihua Fang, Lijun 

Wei, Guangwang 
Yi, Liu Jiang 2017 

Research of potential safety hazard 
investigation and risk control system for 
mine enterprise 

Prediction and prewarning 
model 

Historical accident & hidden 
hazard (5 years), real-time 
sensor data, field inspection 
data  

Improved safety management efficiency and 
predict and provide real-time warnings of 
potential accidents through IoT & data mining 
[11] 

2 Hajar Ait 
Lamkademe, 
Ahmed Naddami, 
Karim Choukri. 
2023 

Deployment of safety predictive 
analytics to prevent workplace incidents 
and promote event reduction: a machine 
learning approach towards a data-driven 
safety system 

Machine learning (ML) Historical health, safety, and 
environment data from each 
business unit project 

The implementation of safety predictive 
analytics offers a transformative approach 
to workplace safety [12] 

3 Kawtar 
Benderouach, 
Khalifa Mansouri, 
Idriss Bennis, Ali 
Siadat, 
Abdelouahad 
Bellat. 2025 

Classification of industrial accidents in 
the energy sector using machine 
learning models 

Support Vector Machine 
(SVM), Logistic Regression 
(LR), Naïve Bayes (NB), 
Random Forest (RF) 

Industrial accident dataset 
containing 4,739 workplace 
accidents in the energy sector 
(2015–2017), including event 
summaries, severity levels, and 
human and environmental 
factors 

SVM and LR achieved 97% accuracy. SVM 
excelled in fatal accident recall (98%), while 
LR demonstrated more balanced overall 
performance. [13] 

4 Aroa González 
Fuentes et al., 
2022 

Work-related overexertion injuries in 
cleaning occupations: An exploration of the 
factors to predict the days of absence by 
means of machine learning methodologies 

Multivariate Adaptive 
Regression Splines 
(MARS), Support Vector 
Machines (SVM) 

Microdata from Work Accident 
Statistics of the Spanish Ministry 
of Labor and Social Economy 
(2009–2019) 

The SVM model demonstrated superior 
predictive performance compared to MARS, 
with lower RMSE, MAE, and MAPE values 
and higher R-squared coefficients [14] 

5 Kanesan 
Muthusamy et al., 
2021 

Analysis of potential project work 
accidents: a case study of a 
construction project in Malaysia 

Decision tree analysis using 
ID3, CART, and GINI index 
through python 
programming 

Construction project incident 
reports (age, job type, working 
hours, nationality, duration of 
employment, etc.) 

Accidents were most likely to occur at night 
due to long working hours (>10 hours), 
involving foreign workers (particularly 
Pakistani) aged ≤34 years who were 
classified as beginners [15] 

6 Mohammad Z. 
Shanti et al., 2021 

A novel implementation of an AI-based 
smart construction safety inspection 
protocol in the UAE 

Convolutional Neural 
Network (CNN) using 
YOLOv3 algorithm 

Image and video datasets from 
construction sites and the 
internet, including workers 
with/without safety equipment 

The object detection model achieved 
91.26% accuracy, 99% precision, and 
90.2% recall, effectively detecting safety 
violations on construction sites [16] 

7 Praveena G et al., 
2025 

Design and implementation of a smart 
AI-based assistant for intelligent tracking 
and monitoring 

CNN for emotion 
recognition, RNN for task 
allocation, reinforcement 
learning, RTLS, predictive 
algorithms for maintenance 

Real-time location data (GPS, 
RFID, Bluetooth), wearable 
physiological signals, facial 
expressions, historical worker 
performance, equipment 
maintenance data 

The system reduced workplace accidents 
by 25%, improved worker efficiency by 
20%, and predicted equipment failure with 
92% accuracy. Emotion recognition 
achieved 87% accuracy to prevent fatigue 
and errors [17] 

8 H. Vora et al., 
2024 

Musculoskeletal risk modeling using 
sensors and machine learning 

Classification algorithm: 
Extreme Gradient Boosting 
(XGBoost) 

Time-series data from wearable 
Electromyography (EMG) 
sensors, specifically surface 
EMG 

The XGBoost model demonstrated high 
capability in classifying and predicting risk 
levels associated with manual lifting tasks 
based on sEMG signal data [18] 

9 Mohamad Al 
Omari et al., 2025 

Comparison of ML methods for 
analyzing scaffolding behavior: a case 
study on safety and multimodal results 

Neural Networks (NN), 
Random Forest (RF), 
Support Vector Machine 
(SVM), Linear Regression 
(LR) 

Dataset of 30,000 simulation 
scenarios derived from Finite 
Element Modeling (FEM) 

Neural networks were the most accurate 
and efficient method for predicting 
scaffolding behavior, outperforming 
Random Forest, SVM, and Linear 
Regression [19] 

 

Records identified from: 
Databases (n=264): 
IEEE Xplore (n=91) 
ScienceDirect (n=154) 
PubMed (n=19) 
 

Records removed before screening: 
Records removed for other reasons (n=123) 
 

Records screened (n=141) 
 

Records excluded (n=130) 
 

Reports sought for retrieval (n=11) 
 

Reports not retrieved (n=0) 
 

Reports assessed for eligibility (n=11) 
 

Reports excluded: 
Not empirical study (n=1) 
Not aligned with objectives (n = 1) 
 

New studies included in review (n=9) 
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Visual-based approaches such as YOLOv3 and Neural Networks are widely utilized in the highly dynamic construction sector, while 
classification algorithms such as Support Vector Machines, Logistic Regression, and Extreme Gradient Boosting are commonly applied to historical 
data analysis, ergonomic risk assessment, and accident severity prediction [16–19]. A recurring pattern shows that most studies utilize either real-
time or structured historical data, ranging from CCTV recordings, workplace photographs and videos, wearable biometric signals, to Health, Safety, 
and Environment records and national statistical data [11–19]. The dominance of the construction sector reflects the high variability of risks; 
however, the energy and mining sectors also demonstrate increasing integration of Internet of Things technologies, sensors, and data mining 
techniques to strengthen early warning systems. Collectively, these studies confirm that predictive analytics enhances hazard identification 
accuracy, supports data-driven decision-making, and holds substantial potential for reducing accident rates. 
 

DISCUSSION 
Overall, the mapping of all reviewed studies demonstrates a consistent pattern in which predictive analytics acts as a catalyst for shifting safety 

management from a reactive approach toward a fully proactive system [11–19]. Nearly all studies employ machine learning and deep learning 
techniques such as Convolutional Neural Networks, YOLOv3, Support Vector Machines, Logistic Regression, Random Forest, and Extreme Gradient 
Boosting to predict incidents, identify hazards, or monitor risk-related behaviors. A fundamental similarity across these studies lies in the utilization of 
both historical and real-time data as the analytical foundation, including video recordings, photographs, physiological sensor signals, location data, 
and large-scale accident datasets [11–19]. Collectively, these studies consistently report high levels of predictive accuracy and demonstrate the 
capability of models to uncover behavioral and environmental patterns that were previously difficult to detect using conventional methods. 

Despite sharing similar computational foundations, each study exhibits distinct characteristics in terms of data type, analytical objectives, and 
selected algorithms. Studies within the construction sector predominantly rely on computer vision techniques to detect unsafe behaviors and non-
compliance with safety protocols [15,16,19], whereas research in the energy and mining industries emphasizes accident classification and the 
development of data-driven early warning systems based on extensive historical datasets [11,13,17]. In the field of ergonomics, the approach becomes 
more specialized through the use of wearable surface electromyography sensors, a method not commonly identified in other sectors [14,18]. 

Several important patterns emerge from these findings. First, the integration of artificial intelligence, Internet of Things technologies, and sensor 
systems represents a primary direction in the evolution of predictive safety frameworks [12,17,18]. Second, classification models are more dominant 
than regression models, reflecting a strong research focus on categorizing risk levels, such as safe versus unsafe or fatal versus non-fatal outcomes 
[13,16,18]. Third, the construction and energy sectors appear to be the most active adopters of predictive analytics, suggesting that high-risk industries 
serve as pioneers in safety digitalization efforts [12,13,16]. Moreover, nearly all studies demonstrate a significant transition from traditional leading 
indicators toward data-driven predictive indicators. 

Three principal conclusions can be drawn. First, predictive analytics enables hazard identification prior to incident occurrence rather than merely 
assessing events retrospectively [12–14,16,18]. Second, various machine learning and artificial intelligence approaches show consistent and reliable 
performance, whether in terms of classification accuracy, prediction stability, or risk modeling capability, thereby reinforcing their role as credible 
decision-support tools in Health, Safety, and Environment management [11,12,15,16,19]. Third, the integration of real-time data emerges as a critical 
success factor, as it allows early warning systems to function automatically and continuously while facilitating faster and more precise interventions to 
prevent occupational accidents [11,12,16–19]. 

Although many predictive models demonstrate strong performance, numerous studies are conducted within limited contexts, relying on location-
specific datasets or simulated data [8,9,20]. This restricts cross-industry generalizability. Furthermore, a gap remains between technical accuracy and 
real-world implementation readiness, particularly regarding organizational capacity, sensor deployment costs, workforce digital competence, and 
integration with existing Health, Safety, and Environment systems [9,20–23]. Several studies also focus primarily on algorithmic performance without 
adequately addressing critical issues such as data bias, overfitting risks, and ethical or privacy concerns related to biometric sensors or CCTV 
surveillance [9,16,18–20]. Additional critiques highlight the limited explanation of how predictive models can be directly operationalized in day-to-day 
decision-making processes [13,18]. This is reflected in the predominance of conceptual, evaluative, or descriptive discussions of occupational risk 
and safety, often without sufficient clarification of how recommendations are translated into operational practice [20,24]. Many studies do not 
systematically describe field-level implementation mechanisms, decision-maker roles and responsibilities, or the integration of predictive analytics into 
existing organizational safety management workflows [8,25]. Consequently, a substantial gap persists between the predictive capabilities 
demonstrated by models and their practical application in everyday work environments. 

This study also presents several limitations that should be acknowledged to ensure balanced interpretation of the findings. First, although a scoping 
review approach was employed to ensure systematic identification and transparent source selection, this study did not conduct a formal methodological 
quality appraisal of each included article. As a result, the strength of evidence across publications cannot be critically assessed in the manner typical 
of systematic reviews applying standardized quality evaluation criteria [9]. The absence of such appraisal limits the ability to determine the internal 
and external validity of the overall findings. Second, the considerable heterogeneity in analytical approaches, algorithms, and data types across prior 
studies restricts synthesis to a descriptive and narrative level. This lack of homogeneity precludes the application of meta-analysis or other 
standardized quantitative synthesis methods [9,21], thereby limiting generalizability when comparing the effectiveness of different predictive modeling 
techniques. Third, the potential presence of publication bias must be considered. Most sources included in this review originate from peer-reviewed 
journals or reputable conference proceedings, which tend to emphasize positive findings, particularly models demonstrating high predictive accuracy. 
Studies yielding neutral or negative results may be underrepresented, potentially affecting the overall objectivity of the synthesis. 

Limitations in generalizability also warrant critical attention. Many reviewed studies were conducted within highly specific industrial and 
geographical contexts, characterized by diverse operational conditions and data characteristics. Such variability poses challenges in directly 
transferring findings to Occupational Safety and Health management practices in Indonesia or other sectors with differing contextual conditions [12]. 
Considering these limitations, it can be concluded that while this study provides a broad initial overview of predictive analytics implementation in 
Occupational Safety and Health, further research employing more standardized methodological approaches and incorporating local contextual 
considerations is necessary. Such efforts are expected to strengthen the scientific foundation and contribute meaningfully to the development of more 
effective, data-driven early detection systems for occupational accidents. 
 

CONCLUSION  
The review demonstrates that predictive analytics has become a key approach in occupational accident prevention, supporting the shift from 

reactive to proactive, data-driven safety management through machine learning, deep learning, and sensor integration. Algorithms such as Support 
Vector Machines, Random Forest, Logistic Regression, Neural Networks, Convolutional Neural Networks, Recurrent Neural Networks, and Extreme 
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Gradient Boosting show high predictive accuracy in identifying hazards, fatigue, unsafe behaviors, and potential equipment failures. Overall, predictive 
analytics enhances risk assessment, strengthens decision-making, improves resource allocation, and shows strong relevance across construction, 
energy, mining, and ergonomics sectors. 

Organizations are encouraged to gradually integrate real-time monitoring technologies into Health, Safety, and Environment systems, supported 
by workforce capacity development and pilot implementation in high-risk areas. Future studies should expand cross-sectoral datasets, compare 
algorithms, and address issues of bias, privacy, and organizational readiness. Policymakers should also consider incorporating predictive indicators 
into occupational safety regulations to complement traditional lagging indicators. 
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