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Abstract

University sports laboratories are characterized by human performance testing, the operation of
precision instruments, the use of exercise equipment, and open-access teaching and research spaces.
Consequently, their safety risks exhibit distinct context-specific features compared with those of
conventional science and engineering laboratories. To address existing problems in safety manage-
ment, including insufficiently differentiated personnel access control, delayed equipment mainte-
nance, inadequate identification of environmental hazards, and the absence of closed-loop govern-
ance processes, this study develops a framework for safety risk identification and closed-loop gov-
ernance in university sports laboratories based on the Man-Machine-Environment-Management
(MMEM) theory and the Plan-Do-Check-Act (PDCA) cycle. Safety risks are examined across four di-
mensions: human behavior, exercise testing equipment, the laboratory spatial environment, and
management systems. The PDCA cycle is then embedded into the processes of risk register devel-
opment, tiered risk control, corrective-action tracking, and continuous improvement, thereby es-
tablishing a context-specific safety management approach for university sports laboratories. This
study argues that the integrated MMEM-PDCA framework provides a systematic analytical perspec-
tive and a process-oriented governance approach for safety management in university sports labor-
atories. However, its practical effectiveness requires further validation through empirical data and
case-based applications.
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Figure 1. MMEM-based analysis of hazards in university sports laboratories
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Figure 2. Framework for safety risk identification and closed-loop governance in university sports laboratories
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