Appendix A. Centrality of nodes in coal mine accident-causing network
In order to conduct a quantitative study on the significance of causal nodes. An analysis of network centrality was performed using Pajek software to obtain the degree centrality, closeness centrality, and betweenness centrality of the nodes.
Degree centrality refers to the ratio of the degree (number of connections) of a node to the degrees of other nodes within a network. In a directed graph, the degree of a node is defined as the sum of its in-degree and out-degree; whereas in an undirected graph, the degree corresponds to the number of edges connected to that node. The calculation of degree centrality involves dividing the degree of the node by the total number of nodes in the network, as expressed in Equation (1), where  represents the degree centrality of node v. Degree centrality quantifies the extent of a node’s connectivity within the network. Nodes exhibiting high degree centrality are typically considered critical nodes in the network, as they maintain more direct connections with other nodes.
     Eq. (A.1)
Closeness centrality refers to the reciprocal of the average shortest path length from a node to other nodes in the network. The calculation method is presented in Equation (2), where  denotes the closeness centrality of node v. Nodes exhibiting higher closeness centrality are situated closer to other nodes, thereby facilitating more efficient information dissemination within the network, that is, it quantifies the extent to which a node can control the flow of information throughout the network.
        Eq. (A.2)
Betweenness centrality refers to the extent to which a node acts as an intermediary on all shortest paths within a network. It is calculated as shown in Equation (3), where  denotes the betweenness centrality of node v,  represents the total number of shortest paths from node s to node t, and  indicates the number of those shortest paths that pass through node v. Betweenness centrality quantifies the bridging role of a node within the network, specifically its critical intermediary function on paths connecting different segments. A higher betweenness centrality value signifies that the node plays a significant bridging role in the flow of information throughout the network.
         Eq. (A.3)
The aforementioned centrality metrics facilitate the understanding of the relative importance of nodes within a network and their roles in information dissemination, control, or connectivity. In network analysis, these indicators assist in identifying critical nodes, comprehending network structure, and providing insights into network functionality and robustness. Newman (2008) proposed three types of centrality measures to quantify node’s importance: degree centrality assumes that a node’s influence increases with the number of other nodes it can directly affect; closeness centrality assumes that a node is more critical if its average shortest path to all other nodes in the network is smaller; betweenness centrality assumes that a node’s ability to mediate shortest paths between different nodes is essential. Therefore, to fully reflect the significance of accident occurrence nodes, this section standardizes and aggregates the values of degree centrality, closeness centrality, and betweenness centrality. Accordingly, a composite score is employed to evaluate node importance, with the results presented in Table A.1. 
Table A.1 Centrality analysis of causative nodes in coal mine production
	Nodes
	Degree centrality
	Betweenness centrality
	Closeness Centrality
	Comprehensive Ranking

	D1
	16
	0.153
	0.813
	1

	C3
	11
	0.118
	0.722
	2

	D3
	13
	0.052
	0.722
	3

	B6
	12
	0.051
	0.722
	4

	C2
	10
	0.031
	0.722
	5

	A2
	12
	0.035
	0.650
	6

	B1
	11
	0.039
	0.650
	7

	C1
	11
	0.036
	0.650
	8

	C4
	7
	0.028
	0.684
	9

	E1
	9
	0.017
	0.650
	10

	D2
	7
	0.022
	0.684
	11

	B3
	6
	0.010
	0.650
	12

	A1
	9
	0.000
	0.565
	13

	B5
	4
	0.000
	0.520
	14



Appendix B. Composition of initial scale
Table B.1 Composition of formal scale
	Variables
	Measurement
	Corresponding Items

	External management 
	Government supervision
	Local government authorities frequently conduct inspections and provide guidance on safety management at our mine.

	
	Management by 
parent companies
	The group company accurately comprehends the safety conditions of our mine.

	Resource management
	Safety training 
and education
	Our mine has provided comprehensive safety training and education.

	
	Qualification verification
	Our mine places significant emphasis on the verification of workers' qualifications.

	
	Staffing
	Our mine is equipped with an adequate number of safety management personnel and technical operators.

	
	Safety investment
	Our mine is willing to allocate financial resources to prevent the occurrence of accidents.

	Organizational process
	Routine safety management
	The mine leadership conscientiously implements safety regulations and protocols.

	
	Specialized safety regulations
	Our mine has established a comprehensive departmental safety management system.

	
	Legal organization of production
	Our mine does not engage in illegal production activities nor exceed authorized capacity in its operations.

	
	Compliance of 
safety supervision
	Our mine does not engage in any behavior aimed at evading governmental safety supervision.

	
	Procedural auditing
	Our mine implements relatively stringent management protocols for acceptance-related operations.

	Planned Operations 
	Task assignment
	The production task scheduling at our mine is conducted in a scientific and rational manner.

	
	Labor management
	The labor organization within our mine is conducted in a well-ordered and systematic manner.

	Technological environment
	Construction layout
	The construction layout of the working face in my workplace is rationally designed.

	
	Equipment and facility
	The equipment and facilities in my workplace are free from defects.

	
	Monitoring and 
control systems
	The monitoring and surveillance systems within my workplace are operating normally.

	Safety behaviors
	Skill-based behaviors
	In the course of my work, I rigorously adhere to established safety operating procedures.

	
	Decision behaviors
	In the course of my work, I rigorously adhere to the safety production directives.

	
	Perceptual behaviors
	During work, I am capable of identifying hidden risks related to production safety.



