MA - Methodology Areas | Abstract Only

OC - (29058) - BENCHMARKING STATE-OF-THE-ART LARGE LANGUAGE MODELS FOR AUTOMATED
HUMAN RELIABILITY DATA COLLECTION AND SUMMARIZATION

Zhang, Zimu (United Kingdom)'; _Patelli, Edoardo (United Kingdom)'

1 - University of Strathclyde, Glasgow, Uk

Human Reliability Analysis (HRA) is often constrained by data scarcity. To improve the quality and quantity of data
relevant for HRA, the classification of human performance factors from accident report has been proposed in recent years.
However this task is tedious, and subjective in nature. Previous research (Johnson, 2024) proposed the use of Al tools in
the form of art Large Language Models (LLMs) to automatise such task. The approach was based on BERT for taxonomy
classification achieving a 78% F1-score. However, in recent years there has been a massive improvement of LLM models
and on their "reasoning capabilities” that may potentially overcome the limitations of legacy models that often fail to
capture deep semantic dependencies and subtle causal factors in complex socio-technical systems.

This study aims to assess the potentiality of the state-of-the-art LLMs tools such as Qwen, DeepSeek, Llama, and Claude
as potential successors for automated HRA data processing. Considering that accident reports may be often confidential,
we focused on tools that can be run locally to ensure sensitive safety data remains within secure organizational
boundaries.

The evaluation utilizes original performance metrics (Accuracy, Precision, Recall, and F1-score) as longitudinal benchmarks
and pre-classified accident reports contained in MATA-D dataset adopting the CREAM taxonomy. We adopt a Parameter-
Efficient Fine-Tuning approach using Low-Rank Adaptation to bridge the domain gap between general-purpose LLMs and
the specialized tools for HRA.

The results indicate that zero-shot LLMs exhibit competitive, and in some cases superior, performance respect to the BERT
baseline while fine-tuned local models show particular abilities in identifying rare Performance Shaping Factors (PSFs)
where historical data sparsity previously limited model recall. This study identifies an optimal, privacy-preserving LLM
configuration that enhances the precision of HRA data collection, providing a scalable methodology for evidence-based
risk management in complex industrial systems.
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