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Laboratory Safety Education in Higher Education: A Five-Dimensional Framework and Institutional Practice
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ABSTRACT 

	Background: Training often remains formalistic, access systems are not always linked to actual competence, and responsibilities are dispersed across several departments without strong coordination. Under such conditions, laboratory safety education struggles to form an effective process connecting instruction, practice, assessment, and improvement.
Aims: The present study examines the major limitations of current laboratory safety education in universities, construct a five-dimensional reform framework from an educational perspective, and evaluate its practical value through institutional practice.
Study design: This study employed a qualitative case-study design supported by document analysis and literature-based review.
Place and Duration of Study: The study was conducted at Jiangsu University, China, based on laboratory safety education reform practices implemented in recent years.
Methodology: The study analyzed policy documents, institutional regulations, and relevant studies on laboratory safety education in higher education. Current problems were examined from five aspects: educational philosophy, training content and methods, institutional responsibility, access and assessment, and safety culture. On this basis, a five-dimensional reform framework was developed, covering educational philosophy, governance structure, curriculum and training, digital platform support, and safety culture. Jiangsu University was selected as a case to illustrate how the framework was applied through layered responsibility, differentiated training, digital governance, and campus-wide safety activities.
Results: The analysis showed that current university laboratory safety education is still constrained by inadequate conceptual integration, homogeneous teaching content, fragmented responsibility, weak alignment between access and competency assessment, and insufficient cultural support. The institutional case indicated that the reform improved both management effectiveness and educational outcomes. Participation in safety-related activities reached 93%, safety violations decreased by 42%, the hazard rectification rate exceeded 98%, access qualification reached 100%, and satisfaction with safety education increased from 72% to 91%.
Conclusion: Laboratory safety should be understood not only as a management issue, but also as an important educational issue in higher education. A reform model centered on philosophy, governance, curriculum, digital support, and culture may help universities establish a more systematic, sustainable, and education-oriented approach to laboratory safety education, although further multi-site research is needed to test the framework across different institutional contexts.
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1. INTRODUCTION 

Laboratory safety is closely related to the quality of experimental teaching, research training, and institutional governance in higher education. University laboratories are not only operational spaces for experiments and scientific research, but also important environments for cultivating students’ practical competence, professional ethics, and risk awareness. In recent years, repeated laboratory accidents have drawn increasing attention to weaknesses in university safety education, including insufficient conceptual integration, weak implementation, limited training effectiveness, and underdeveloped safety culture (Zhang et al., 2025).

To address these concerns, educational authorities in China have issued a series of policy documents and regulatory standards intended to strengthen laboratory safety in higher education (Ministry of Education of the People’s Republic of China, 2023). These initiatives have promoted institutional reform in laboratory access, safety supervision, and training management. Yet in many universities, safety education is still treated primarily as a matter of administrative compliance. Training often remains formalistic, access systems are not always linked to actual competence, and responsibilities are dispersed across several departments without strong coordination. Under such conditions, laboratory safety education struggles to form an effective process connecting instruction, practice, assessment, and improvement.

Previous studies have mainly focused on three areas. One line of research has examined safety management structures, accountability arrangements, and risk control in university laboratories. Another has explored pedagogical innovation, including teaching-assessment linkage, simulation-supported learning, and safety-oriented instructional design. A third has highlighted the growing role of digital platforms and system-based tools in access control, supervision, and information management (Burrola-Nuñez et al., 2026; Liang et al., 2024; Li et al., 2025; Pena-Molina & Larrondo-Petrie, 2025; Safiena & Goh, 2024; Yu et al., 2023). While these studies provide valuable insights, they have often treated management, pedagogy, and digital support as relatively separate issues. Comparatively less attention has been paid to how these dimensions may be integrated into a coherent educational reform framework linking safety governance with student development, institutional coordination, and long-term culture building. This gap provides the basis for the present study.

This paper, therefore, treats laboratory safety not only as a managerial issue, but also as an educational one. Guided by the concept of Three-Wide Education, it seeks to identify the major structural limitations in current university laboratory safety education, develop a five-dimensional reform framework, and examine its application through the institutional practice of Jiangsu University. The proposed framework is intended not only to interpret one institutional case, but also to provide a transferable analytical reference for universities seeking to strengthen laboratory safety education through integrated reform.

This study had three objectives: (1) to identify the major structural limitations in current university laboratory safety education; (2) to construct a five-dimensional reform framework from an educational perspective; and (3) to examine the practical applicability of this framework through the institutional case of Jiangsu University.

2. methodology

This study adopted a qualitative research design combining document analysis, literature review, and institutional case study. Relevant policy documents, institutional regulations, and published studies were reviewed to identify the policy context, common challenges, and existing reform approaches in laboratory safety education (Kamaruddin et al., 2024; Li et al., 2025; Liang et al., 2024; Radu et al., 2026). The analysis used qualitative thematic synthesis to identify recurring issues related to educational philosophy, pedagogical design, institutional responsibility, access and assessment, and safety culture.

On this basis, the study examined current problems in university laboratory safety education from five dimensions: educational philosophy, training content and pedagogical design, institutional responsibility, access and competency assessment, and safety culture. These analytical dimensions were then used to construct a five-dimensional reform framework. Jiangsu University was selected as the institutional case because it provides a relatively complete setting for examining laboratory safety education reform, including formal access management, structured safety training, digital governance tools, and campus-based safety culture initiatives. The purpose of the case study was not statistical generalization, but analytical illustration of how the proposed framework may operate in practice. To enhance the credibility of the analysis, the study compared evidence across policy documents, institutional materials, published studies, and case-based outcome indicators, with particular attention to internal consistency between problem identification, framework construction, and institutional practice. 

3. results and discussion

3.1 STRUCTURAL LIMITATIONS IN CURRENT LABORATORY SAFETY EDUCATION

3.1.1 Inadequate integration of educational philosophy and safety education

Laboratory safety education should extend beyond the communication of rules and procedures. It should also cultivate students’ sense of responsibility, awareness of risk, and capacity for sound judgment in experimental settings. In practice, however, laboratory safety is still frequently regarded as a routine management task or a procedural requirement for access. This weakens its educational significance and limits its role in student development.
In some universities, safety instruction still relies heavily on centralized lectures and standardized materials. These arrangements often give insufficient attention to differences in discipline, laboratory risk, and student learning stage. As a result, the content may remain general and detached from actual laboratory experience. Moreover, safety education is not always effectively incorporated into the wider framework of fostering virtue through education, which makes its long-term influence more difficult to sustain (Radu et al., 2026; Yu et al., 2023).

3.1.2 Insufficient differentiation in content and pedagogical design

A second problem lies in the relative uniformity of training content and methods. Many universities still focus mainly on regulations, warning cases, and basic procedures, while practical exercises, interactive teaching, and scenario-based learning are less developed. Conventional methods such as slide-based lectures, manuals, and passive video learning may help convey information, but they are often less effective in shaping operational competence and stable behavioural habits.

This problem is especially evident in the limited differentiation of training across user groups. Undergraduates, graduate students, faculty members, and laboratory technicians may receive similar safety instruction despite substantial differences in laboratory role, disciplinary background, and risk exposure. In high-risk fields such as chemistry and materials science, the lack of targeted training reduces both relevance and practical value (Kamaruddin et al., 2024; Wang & Jin, 2024).

3.1.3 Fragmentation of institutional responsibility

Laboratory safety education usually involves the participation of several university units, including laboratory management departments, academic affairs offices, safety supervision bodies, and student affairs divisions. While such multi-party participation is necessary, responsibility boundaries are not always clearly defined. This can result in fragmented implementation, weak coordination, and the diffusion of accountability.

At the teaching level, pre-laboratory guidance is not always given sufficient attention, and some safety explanations may be informally delegated to assistants or senior students. In addition, feedback mechanisms and dynamic responsibility tracking are often underdeveloped. Once a safety problem emerges, this lack of clarity may complicate follow-up action and weaken the authority of the system (Li et al., 2025; Willkomm et al., 2026).

3.1.4 Weak alignment between access systems and competency assessment

Although laboratory access systems have become more common, their connection with actual competency assessment is not always strong. In some institutions, training still consists mainly of brief orientation sessions or simple online tests. Students may formally complete the required procedures, but their practical understanding of laboratory risks and safe operation is not always adequately assessed (Kamaruddin et al., 2024; Wang & Jin, 2024).

Some recent reforms have attempted to strengthen this aspect by integrating position requirements, coursework, assessment, and certification into a closed-loop system (Liang et al., 2024; Wang & Jin, 2024). Even so, implementation remains constrained by limited staffing, uneven platform support, and insufficient coordination across departments. These limitations reduce the extent to which access mechanisms can move beyond procedural completion toward substantive competence development.

3.1.5 Limited depth in safety culture development

The effectiveness of laboratory safety education depends not only on rules and training systems, but also on the cultivation of a shared safety culture. In many universities, however, safety continues to be perceived mainly as an externally imposed requirement rather than as an internalized norm of professional conduct. Students may complete training simply because it is mandatory, while some teachers and administrators may not consistently model strong safety awareness in daily practice.

In addition, campus communication on safety often relies on static forms such as posters, notices, and routine publicity. Participatory forms, including drills, competitions, peer learning, and reflective discussion, are less frequently embedded in the broader educational process (Carvalhais et al., 2024; Yu et al., 2023). As a result, students may know the requirements without fully translating them into durable habits.

3.2 REPRESENTATIVE REFORM APPROACHES IN CURRENT PRACTICE

3.2.1 Multi-level and modular safety education

A number of universities have explored multi-level and modular safety education systems that differentiate learners according to discipline, year level, and laboratory role (Li et al., 2025; Wang & Jin, 2024). In some cases, general training for new students is combined with targeted training before professional laboratory work and specialized instruction for high-risk activities. This layered structure increases relevance and helps improve institutional implementation.

3.2.2 Closed-loop reform through the integration of position, course, assessment, and certification

Some universities have developed closed-loop systems linking laboratory roles, coursework, assessment, and certification (Liang et al., 2024; Wang & Jin, 2024). Under this model, students are expected to complete required learning modules, simulated exercises, and tests before entering specific laboratories. Because certification is tied to actual experimental access, student engagement tends to improve, and access control becomes more substantive.

3.2.3 Development of safety culture under the framework of Three-Wide Education

With the increased emphasis on Three-Wide Education, some universities have started to place laboratory safety within a broader educational framework that includes moral cultivation, professional ethics, and whole-process student development (Radu et al., 2026; Yu et al., 2023). In this approach, safety education extends beyond classroom teaching and is supported by activities such as safety month events, public speaking contests, and student liaison programs.

3.2.4 Digital support for whole-process safety education

Information technology has become an important support mechanism in laboratory safety reform. Some universities have developed digital platforms that integrate training delivery, progress tracking, assessment management, hazard reporting, and access control (Burrola-Nuñez et al., 2026; Pena-Molina & Larrondo-Petrie, 2025). In more advanced settings, image recognition and data analysis have also been introduced for risk identification and behavioral warning (Machado et al., 2025; Pena-Molina & Larrondo-Petrie, 2025). These efforts strengthen traceability and improve the connection between educational processes and laboratory management.

3.2.5 Composite curriculum design for interdisciplinary settings

As laboratory work becomes increasingly interdisciplinary, some universities have begun to develop composite curriculum packages combining general safety modules with training for specific experimental contexts (Radu et al., 2026; Wang & Huang, 2024). This is especially relevant for interdisciplinary laboratories, where risk profiles are often more complex and cannot be addressed through a single disciplinary framework.

3.3 A FIVE-DIMENSIONAL REFORM FRAMEWORK FOR LABORATORY SAFETY EDUCATION

Based on the analysis above, this study proposes a five-dimensional reform framework for laboratory safety education composed of educational philosophy, governance structure, curriculum and training, digital platform support, and safety culture.
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Figure 1. Five-Dimensional Reform Framework for Laboratory Safety Education

Educational philosophy provides the value orientation of reform. Governance structure defines institutional responsibility and coordination. Curriculum and training serve as the pedagogical core. Digital platform support strengthens process integration and traceability. Safety culture sustains long-term influence by turning rules into shared norms and daily practice. These dimensions are mutually connected and together provide a more systematic basis for educational reform in laboratory safety. Figure 1 summarizes the five-dimensional reform framework proposed in this study and shows the internal relationship among educational philosophy, governance structure, curriculum and training, digital platform support, and safety culture. Table 1 summarizes how the principal deficiencies identified in current practice can be translated into specific reform dimensions, institutional responses, and expected outcomes. 

Table 1. Reform Translation from Problem Identification to Institutional Response
	Problem
	Reform Dimension
	Institutional Response
	Expected Outcome

	Administrative view of safety
	Educational Philosophy
	Reposition safety within student development
	Stronger educational orientation

	Uniform training content
	Curriculum and Training
	Introduce modular and differentiated training
	Higher relevance and competence

	Fragmented responsibility
	Governance Structure
	Clarify responsibilities across levels
	More coherent implementation

	Weak access-assessment linkage
	Digital Platform Support
	Connect training, testing, and access control
	Improved traceability and compliance

	Limited cultural internalization
	Safety Culture
	Embed drills, competitions, and dialogue
	More durable safety habits



3.4 INSTITUTIONAL PRACTICE AT JIANGSU UNIVERSITY

The institutional indicators reported in this section are drawn from documented institutional practice materials and internal reform records used to summarize the outcomes of the safety education initiatives. Figure 2 further illustrates how the proposed framework may be operationalized through the interconnection of problem diagnosis, reform dimensions, and implementation mechanisms.
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Figure 2. Path-Element-Mechanism Model of Laboratory Safety Education Reform

3.4.1 Repositioning laboratory safety within student development

At Jiangsu University, laboratory safety education has gradually been incorporated into the broader process of student cultivation. A three-level safety education system and related workload requirements have been established, and safety literacy has been linked to graduate evaluation, scholarship review, and laboratory access. In this way, safety education is embedded more directly in student development.

The university also organized themed activities such as Laboratory Safety Culture Month and laboratory safety skills competitions. According to the institutional practice reported in the Chinese manuscript, participation reached 93%, and safety violations decreased by 42% after reform. 

3.4.2 Clarifying responsibility through layered governance

The university has established a three-level responsibility system linking the university, secondary units, and individual laboratories. Responsibilities are allocated according to the principle that users are responsible for safety and supervisory units are accountable for oversight (Li et al., 2025; Willkomm et al., 2026).

Laboratories conduct annual self-inspections, secondary units are responsible for examination and rectification, and the university organizes comprehensive inspections regularly. Reported practice indicates that the hazard rectification rate exceeded 98%. 

3.4.3 Strengthening the link between training and assessment

Jiangsu University has also developed differentiated training requirements for different laboratory roles and risk levels. Training modules cover basic safety, high-risk operations, and hazardous chemicals management. These modules are linked directly to laboratory access so that only those who complete the required training and assessment may enter high-risk laboratory spaces (Liang et al., 2024; Wang & Jin, 2024).

In addition, the university has offered targeted programs such as hazardous chemicals training and graduate student safety administrator training. Reported results show that access qualification reached 100%, and high-risk laboratories recorded no major accidents for two consecutive years. 

3.4.4 Advancing safety governance through digital support

A unified information platform has been established and connected with the access control system. The platform verifies whether users have completed required training before entry, records laboratory access and equipment use, and generates safety inspection records automatically. In this way, digital tools support not only management efficiency but also the traceability of safety education and laboratory operation (Burrola-Nuñez et al., 2026; Pena-Molina & Larrondo-Petrie, 2025). 

3.4.5 Reinforcing value recognition through safety culture

The university has also promoted a safety culture through both institutional rules and themed activities. Accountability systems have been strengthened, while emergency drills and skills competitions have made safety education more concrete and participatory (Carvalhais et al., 2024; Yu et al., 2023). According to the institutional materials, satisfaction with safety education increased from 72% to 91% after reform. 

3.5 DISCUSSION

The present findings are broadly consistent with recent studies showing that laboratory safety in higher education depends not only on procedural compliance but also on safety competence, training design, and institutional culture. Recent research has emphasized that safety should be treated as an assessable transversal competence rather than a peripheral compliance topic (Radu et al., 2026). Related studies have also shown that effective laboratory safety management increasingly relies on integrated systems combining training, supervision, and organizational support (Burrola-Nuñez et al., 2026; Li et al., 2025). From this perspective, the five-dimensional framework proposed in this study builds on existing work by bringing these elements together within a more explicit educational reform logic.

The findings suggest that laboratory safety should not be treated merely as a matter of technical management. It is also an educational issue closely connected with student development, experimental teaching, and professional norms. When safety education is reduced to a checklist or a formal access requirement, its influence remains limited. When it is embedded in governance, curriculum, digital systems, and campus culture, it becomes more systematic and more sustainable.

In contrast to studies that focus primarily on individual aspects such as compliance, digital systems, or training design, the present study proposes a more integrative reform model that links these dimensions within a single educational framework. The five-dimensional framework developed in this study contributes in three respects. First, it shifts attention from compliance alone to student development. Second, it highlights that laboratory safety education depends on the interaction of multiple dimensions rather than a single reform measure. Third, the Jiangsu University case suggests that the explanatory value of such a framework is strengthened when it is linked to concrete institutional practice and observable outcome indicators.


4. Conclusion

Laboratory safety education is an important component of experimental teaching reform and university governance in higher education. Yet in many institutions it remains constrained by inadequate conceptual integration, undifferentiated training, fragmented responsibility structures, weak access mechanisms, and insufficient cultural support. In response, this study has proposed a five-dimensional reform framework centered on educational philosophy, governance structure, curriculum and training, digital platform support, and safety culture. In this sense, the framework may also serve as a useful point of reference for comparable institutions seeking to integrate safety governance with educational reform.

Drawing on the case of Jiangsu University, the study shows that laboratory safety education can be strengthened when these five dimensions are advanced in a coordinated manner. In this sense, laboratory safety should be understood not only as a matter of risk control but also as an educational process related to student development, value cultivation, and institutional quality improvement.

This study has several limitations. First, it relies primarily on a single institutional case, which limits the generalizability of the findings across different higher education settings. Second, the analysis is based mainly on qualitative document review, institutional materials, and case-based evidence rather than comparative multi-site data collection. Third, although several institutional outcome indicators are reported, the study does not employ a longitudinal evaluation design and therefore cannot fully establish long-term causal effects of the reform.
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