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Construction and Empirical Study of a Multi-Dimensional Evaluation System
for Intelligent Q&A Systems in Port Enterprise Knowledge Bases

Zhang Zhao

( North China University of Science and Technology )

Abstract: Port enterprises have accumulated a vast amount of unstructured knowledge resources during digital
transformation.Intelligent question—and—answer(Q&A)systems built upon large language models(LLMs)and Retrieval—
Augmented Generation(RAG)technology offer a promising technical pathway for port knowledge management.However,existing
evaluation studies predominantly focus on algorithmic performance metrics,lacking a comprehensive effectiveness evaluation
framework tailored to high—safety,high—compliance industrial scenarios.Addressing the evaluation needs of intelligent Q&A
systems for port enterprise knowledge bases,this study draws upon the Del.one and McLean(D&M)Information Systems
Success Model,and further incorporates Cognitive Load Theory and the SECI knowledge conversion model to construct a
multi-dimensional evaluation framework comprising three first-level dimensions—Knowledge and Content Quality,System
and Technical Effectiveness,and User Experience and Management Benefits—encompassing nine second-level indicators.
The Delphi method is employed for indicator screening,the Analytic Hierarchy Process(AHP)is applied to determine
indicator weights,and consistency tests are conducted to ensure the logical rationality of weight allocation.On this basis,a
KG-RAG intelligent Q&A system integrating knowledge graph reasoning with vector retrieval,deployed in an actual port
enterprise,serves as the evaluation object.Ablation experiments and real-world blind business tests are carried out using a
self—constructed domain-specific test set,PortBiz—(QA—200.The results demonstrate that the KG-RAG architecture achieves
improvements of 25.2%and 45.5%over a conventional single—path RAG system in two core indicators—Factual Accuracy
and Hallucination—Free Rate,and Multi-hop Logical Association Capability,respectively—with a comprehensive weighted
score of 91.35.The findings indicate that the proposed evaluation framework can comprehensively reflect both the technical
performance and management application value of intelligent Q&A systems in high—risk business scenarios,and may serve as
a reference for knowledge management system evaluation in port and other high—safety industries.

Keywords: intelligent question—and-answer system;multi—dimensional evaluation framework;Analytic Hierarchy

Process;Retrieval-Augmented Generation;knowledge graph
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