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Improvement and application of a classification model for human

error analysis in aviation maintenance
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Abstract: Human error in aviation maintenance is a critical factor affecting aviation safety. The traditional Human
Factors Analysis and Classification System—Maintenance Extension (HFACS-ME) has coverage gaps in causal di-
mensions such as organizational safety culture and cognitive errors, resulting in insufficient explanatory power for
practical industry issues. This study focuses on human error analysis in aviation maintenance, aiming to improve the
traditional HFACS-ME model and enhance its analytical capability for aviation maintenance safety problems.
Based on 1,084 aviation maintenance incident datasets from NASA's Aviation Safety Reporting System (ASRS)
from 2009 to 2024, statistical analysis is conducted to identify the dimensional coverage gaps of the traditional
HFACS-ME model. Targeted improvements are made to the HFACS-ME framework: new categories of organi-
zational safety culture and cognitive/perceptual errors are introduced, and environmental interference factors are re-
fined. Meanwhile, natural language processing and structural equation modeling are adopted to verify the validity of
the improved model. The validation results indicate that deficiencies in the newly added organizational safety culture
account for 15.1% of accidents, cognitive/perceptual errors account for 36.5% , and environmental interference fac-
tors account for 13.0%. The improved model significantly enhances the accuracy of root cause identification for avia-
tion maintenance accidents, and exhibits stronger explanatory power particularly in the analysis of cultural factors
and dynamic cognitive risks. The study concludes that the improved HF ACS-ME model elevates its overall explan-
atory power by integrating cultural dimensions and technological ecological factors, provides a more systematic in-
tervention framework for aviation safety management.

Key words: human error in aviation maintenance; HFACS-ME; incident statistics; maintenance culture; cogni-
tive/perceptual errors
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Table 2 Annual statistics of accidents related to
HFACS-ME level-2 categories
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Fig.2 Annual statistics of occurrence rates per 10,000 hours for specified error categories
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Fig. 3 Flowchart of accident data statistics
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