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Table 1 Identified causative factors of mechanical injury accidents based on the HFACS model
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Data-driven analysis of mechanical injury accident causation :
a differentiated approach

LI Xin', WANG Leyao'*, WEI Zongshuai' , TONG Ruipeng'

(1 School of Emergency Management and Safety Engineering, China University of
Mining and Technology-Beijing, Beijing 100083, China;
2 Future of Work Institute, Curtin University, Perth WA 6000, Australia)

Abstract: Mechanical injury accidents continue to pose a significant challenge to occupational safety, yet the variability in their
causation mechanisms across different types of injuries remains underexplored. This study aims to address this gap by conducting a
differentiated analysis of accident causation. Utilizing a comprehensive dataset of 340 mechanical injury accident investigation reports
from China spanning 2003 to 2023, this research first applies an enhanced Human Factors Analysis and Classification System ( HFACS)
framework. Tailored to the specific context of industrial worksites, this framework systematically examines factors such as cross-
organizational dynamics and particular human-machine interfaces, identifying 34 key causal factors distributed across five hierarchical
levels. Subsequently, the Apriori algorithm is employed to mine strong association rules among these factors, providing an objective and
data-driven foundation for understanding their interactions. Building on this analysis, a Bayesian Network (BN) model is constructed to
map the complex probabilistic relationships within the accident causation system. Through backward inference and sensitivity analysis,
the study reveals that distinct injury types are driven by significantly different key causal pathways, highlighting substantial heterogeneity
in the mechanisms behind accidents. This analysis uncovers unique etiological signatures for each injury type, demonstrating that the
architecture of failure is far from uniform. While unsafe acts were identified as the most sensitive factors directly contributing to
accidents, the pathway analysis confirms that these acts are often the final manifestation of upstream systemic failures at the
organizational, supervisory, and environmental precondition levels. This pivotal finding advocates for a paradigm shift away from an
individual blame perspective towards a more systemic approach. Based on these differentiated insights, this study proposes targeted
intervention measures aligned with the hierarchy of controls for each specific injury type. This approach, which combines data-driven
specificity with the principles of inherently safer design, transcends one-size-fits-all solutions. It offers a more precise and efficient
paradigm for safety management, ultimately aiming to significantly enhance safety performance in the machinery sector by addressing the
systemic roots of accidents.

Key words: safety engineering; human factors analysis and classification system; mechanical injury accidents; Bayesian network

model ; association rule mining; accident causation; targeted intervention
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