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Table S1. Characteristics of the Core Expert Panel
	Expert No.
	Professional experience (years)
	Academic rank
	Highest degree
	Area of expertise

	Expert 1
	21-25
	Professor
	Master
	Jurisprudence

	Expert 2
	16-20
	Associate professor
	Master
	Physical education, national sports

	Expert 3
	16-20
	Associate professor
	Undergraduate
	Physical education

	Expert 4
	16-20
	Associate professor
	Master
	Jurisprudence

	Expert 5
	16-20
	Associate professor
	Master
	The integrated development of sports and tourism

	Expert 6
	26-30
	Associate professor
	Undergraduate
	Physical education

	Expert 7
	21-25
	Professor
	Doctor
	Sports Humanities and Sociology

	Expert 8
	11-15
	Professor
	Doctor
	Sports industry

	Expert 9
	16-20
	Associate professor
	Undergraduate
	Physical education and teaching

	Expert 10
	11-15
	Professor
	Doctor
	Sports theory

	Expert 11
	16-20
	Associate professor
	Doctor
	Exercise promotes health and its mechanisms

	Expert 12
	26-30
	Professor
	Master
	Sports human science

	Expert 13
	21-25
	Professor
	Master
	Human resource management

	Expert 14
	16-20
	Associate professor
	Master
	Physical education

	Expert 15
	16-20
	Professor
	Master
	physical education

	Expert 16
	16-20
	Professor
	Master
	School sports



Table S2. Initial 50 Candidate Indicators and First-Round Expert Consultation Results
	Indicator
	Experts recommending
deletion (n)
	Experts recommending
modification (n)
	Experts recommending
retention (n)
	Selection rate (%)
	Expert comments

	Personal physical fitness
	1
	1
	14
	87.50
	Revise to “strength, endurance, speed, agility, and flexibility.”

	Personal body morphology
	2
	3
	11
	68.75
	Too broad; specify measurable indicators such as height, weight, BMI, and body circumference.

	Sports injury history
	1
	2
	13
	81.25
	Specify previous sports injuries, treatment, and rehabilitation.

	Major illness history
	1
	1
	14
	87.50
	“Major illness” is imprecise and of limited relevance.

	Individual adaptability
	2
	6
	8
	50.00
	Difficult to quantify; specify adaptability to changing exercise situations.

	Risk perception ability
	0
	1
	15
	93.75
	Wording is imprecise.

	Extreme psychological states
	0
	2
	14
	87.50
	Wording is imprecise.

	Personal moral qualities
	2
	1
	13
	81.25
	Limited relevance; consider “rule awareness” or “fair-play awareness.”

	Learned helplessness
	3
	0
	13
	81.25
	Limited relevance to the construct.

	Risk-prevention awareness
	0
	1
	15
	93.75
	Consider merging with risk perception ability as “risk perception and prevention ability.”

	Exercise preparation procedures
	0
	1
	15
	93.75
	Wording is imprecise.

	Sports injury management
	0
	2
	14
	87.50
	Consider placing under exercise preparation.

	Exercise planning
	0
	2
	14
	87.50
	Consider “exercise prescription” under exercise preparation.

	Technical movement standardization
	0
	0
	16
	100.00
	—

	Sports clothing standards
	0
	2
	14
	87.50
	Consider revising to “use of protective gear.”

	Exercise experience
	0
	5
	11
	68.75
	Consider “exercise level,” “scientific exercise knowledge,” or “years of exercise participation.”

	Unhealthy personal habits
	3
	1
	12
	75.00
	Limited relevance; consider merging into “personal lifestyle habits.”

	Regular daily routine
	2
	1
	13
	81.25
	Limited relevance; consider merging into “personal lifestyle habits.”

	Dietary habits
	4
	2
	10
	62.50
	Consider merging into “personal lifestyle habits” and specifying food-intake timing around exercise.

	Venue/facility specifications
	0
	0
	16
	100.00
	Wording is imprecise; multiple national standards apply.

	Number of venues/facilities
	3
	0
	13
	81.25
	Limited relevance; overlaps with venue/facility specifications.

	Aging of venues/facilities
	2
	0
	14
	87.50
	Consider merging with venue/facility specifications as “venue/facility quality.”

	Protective sports equipment
	3
	0
	13
	81.25
	Limited relevance; consider deletion.

	Equipment for special populations
	4
	0
	12
	75.00
	Limited relevance; consider deletion.

	Weather conditions
	1
	0
	15
	93.75
	Limited relevance.

	Geographic and climatic differences
	1
	0
	15
	93.75
	Limited relevance.

	Air pollution level
	2
	0
	14
	87.50
	Limited relevance; overlaps with weather conditions.

	Sudden natural disasters
	5
	0
	11
	68.75
	Limited relevance and difficult to measure; consider deletion.

	Sport-specific risk
	2
	0
	14
	87.50
	Limited relevance; consider deletion.

	Officiating decision risk
	5
	0
	11
	68.75
	Limited relevance; not recommended as an assessment indicator.

	Spectator-related risk
	2
	0
	14
	87.50
	Limited relevance to student exercise risk assessment.

	Social support
	4
	0
	12
	75.00
	Limited relevance; consider deletion.

	Noise interference
	4
	0
	12
	75.00
	Limited relevance; consider deletion or merging with air pollution under environmental risk.

	Competition intensity
	3
	0
	13
	81.25
	Limited relevance; concern may reflect rough or intentionally harmful competition behavior.

	Exercise risk transfer
	0
	0
	16
	100.00
	—

	Organizational coordination capacity
	0
	1
	15
	93.75
	Wording is imprecise.

	Emergency response plan development
	0
	0
	16
	100.00
	—

	Activity management network
	1
	1
	14
	87.50
	Wording is imprecise.

	Unauthorized use of equipment
	0
	1
	15
	93.75
	Consider placing under Sports environment risk and revising to “standardized use of equipment.”

	Venue management personnel
	0
	1
	15
	93.75
	Consider including staff quality and professional competence.

	Teacher instructional competence
	0
	0
	16
	100.00
	—

	Teacher emergency response capability
	0
	0
	16
	100.00
	—

	Teacher professional ethics
	1
	2
	13
	81.25
	Limited relevance and weak alignment with Organizational management risk.

	Fulfillment of teacher responsibilities
	1
	1
	14
	87.50
	Overlaps with the preceding item; consider merging with Teacher emergency response capability.

	Teacher risk perception
	0
	2
	14
	87.50
	Consider merging with Teacher emergency response capability.

	Competition organization and scheduling
	0
	1
	15
	93.75
	Consider merging with Organizational coordination capacity.

	Health management training
	0
	1
	15
	93.75
	Health management and risk assessment training.

	Order maintenance and supervision
	0
	0
	16
	100.00
	—

	Competition reporting and approval
	1
	2
	13
	81.25
	For large competitions, include medical personnel, risk assessment, and reporting/approval procedures; distinguish from classroom teaching.

	Personnel performance standards
	1
	0
	15
	93.75
	Distinguish from classroom teaching.


Note. Selection rates are displayed as percentages; all numerical values are reproduced from the source Sheet2 without recalculation. “—” indicates that no expert comment was recorded.


Table S3. Second-Round Expert Consultation Results
	Indicator
	Mean (M)
	Standard deviation (SD)
	Coefficient of variation (CV)

	Personal physical fitness
	4.88
	0.50
	0.10

	Sports injury history
	4.13
	0.89
	0.21

	Major illness history
	4.38
	1.15
	0.26

	Extreme psychological states
	4.13
	0.89
	0.21

	Fair-play awareness
	4.31
	0.79
	0.18

	Risk prevention awareness
	4.81
	0.40
	0.08

	Scientific exercise knowledge
	4.75
	0.45
	0.09

	Exercise-load management
	4.75
	0.45
	0.09

	Technical movement standardization
	4.50
	0.63
	0.14

	Exercise frequency
	4.06
	0.25
	0.06

	Lifestyle habits
	4.31
	0.70
	0.16

	Venue and equipment adequacy
	4.63
	0.62
	0.13

	Venue and equipment maintenance
	4.75
	0.45
	0.09

	Use of protective sports equipment
	4.44
	0.73
	0.16

	Weather conditions
	4.00
	0.89
	0.22

	Geographic and climatic differences
	3.50
	0.89
	0.26

	Sport-specific risk
	4.56
	0.51
	0.11

	Officiating decision risk
	4.00
	1.15
	0.29

	Spectator-related risk
	3.50
	0.97
	0.28

	Competition intensity
	4.44
	0.73
	0.16

	Exercise risk transfer
	4.88
	0.50
	0.10

	Organizational coordination capacity
	4.13
	0.89
	0.21

	Emergency response plan development
	4.38
	1.15
	0.26

	Activity management network
	4.13
	0.89
	0.21

	Standardized equipment use
	4.31
	0.79
	0.18

	Venue management personnel
	4.81
	0.40
	0.08

	Teacher instructional competence
	4.75
	0.45
	0.09

	Teacher emergency response capability
	4.75
	0.45
	0.09

	Fulfillment of teacher responsibilities
	4.50
	0.63
	0.14

	Teacher risk perception
	4.06
	0.25
	0.06

	Competition organization and scheduling
	4.31
	0.70
	0.16

	Health management training
	4.44
	0.63
	0.14

	Order maintenance and supervision
	4.00
	0.73
	0.18

	Competition reporting and approval
	4.31
	0.48
	0.11

	Personnel performance standards
	3.81
	0.91
	0.24




Table S4. Third-Round Expert Consultation Results
	Indicator
	Mean (M)
	Standard deviation (SD)
	Coefficient of variation (CV)

	Personal physical fitness
	4.88
	0.50
	0.10

	Sports injury history
	4.13
	1.09
	0.26

	Major illness history
	4.81
	0.40
	0.08

	Extreme psychological states
	4.13
	0.81
	0.20

	Fair-play awareness
	4.19
	0.83
	0.20

	Risk prevention awareness
	4.81
	0.40
	0.08

	Scientific exercise knowledge
	4.75
	0.45
	0.09

	Exercise-load management
	4.75
	0.45
	0.09

	Technical movement standardization
	4.50
	0.63
	0.14

	Exercise frequency
	4.06
	0.25
	0.06

	Lifestyle habits
	4.13
	0.96
	0.23

	Venue and equipment adequacy
	4.63
	0.62
	0.13

	Venue and equipment maintenance
	4.75
	0.45
	0.09

	Use of protective sports equipment
	4.50
	0.52
	0.11

	Weather conditions
	4.44
	0.63
	0.14

	Geographic and climatic differences
	4.06
	0.77
	0.19

	Sport-specific risk
	4.56
	0.51
	0.11

	Officiating decision risk
	3.75
	0.86
	0.23

	Spectator-related risk
	3.50
	0.63
	0.18

	Competition intensity
	4.13
	0.72
	0.17

	Exercise risk transfer
	4.44
	0.63
	0.14

	Organizational coordination capacity
	4.06
	0.68
	0.17

	Emergency response plan development
	4.31
	0.48
	0.11

	Activity management network
	3.75
	0.58
	0.15

	Standardized equipment use
	4.44
	0.63
	0.14

	Venue management personnel
	4.31
	0.60
	0.14

	Teacher instructional competence
	4.81
	0.40
	0.08

	Teacher emergency response capability
	4.56
	0.51
	0.11

	Fulfillment of teacher responsibilities
	4.50
	0.52
	0.11

	Teacher risk perception
	4.56
	0.51
	0.11

	Competition organization and scheduling
	4.38
	0.50
	0.11

	Health management training
	4.25
	0.86
	0.20

	Order maintenance and supervision
	3.94
	0.85
	0.22

	Competition reporting and approval
	4.13
	0.62
	0.15

	Personnel performance standards
	4.06
	0.57
	0.14




Table S5. University Student Survey Questionnaire
Study: “Identification, Assessment, and Proactive Control Mechanisms of Sports-Related Risks Among University Students”
Dear Student,
This questionnaire concerns sports-related risks among university students. Thank you for taking the time to complete it. Completion will take approximately 10–15 minutes. Please select the option that best reflects your own circumstances.
This questionnaire is intended only for university students currently enrolled at higher education institutions in Sichuan. The information collected will be kept strictly confidential and used solely for research under the Sichuan Provincial Social Sciences Planning Project (SC22B101).
Part I. Basic Information
Gender: ____________________    Age: ____________________    University: __________________________________________
Major: ________________________________________________    Year of study: _______________________________________
Part II. Questionnaire
Instructions: Please select the corresponding option from 1 to 5 based on your own circumstances: 1 = Strongly disagree, 2 = Disagree, 3 = Somewhat agree, 4 = Agree, and 5 = Strongly agree.
Participant risk
	Item No.
	Statement
	1
	2
	3
	4
	5

	Q1
	My strength, endurance, speed, agility, flexibility, and other physical attributes enable me to participate in routine physical activity.
	
	
	
	
	

	Q2
	I clearly understand that my history of sports injuries may pose risks to some extent (e.g., ankle sprains, muscle strains, and other sports-related injuries).
	
	
	
	
	

	Q3
	I do not participate in sports while experiencing negative emotions such as disappointment, anger, low mood, or irritability.
	
	
	
	
	

	Q4
	When participating in physical activity, I do not become excessively tense, overly excited, or overly lax.
	
	
	
	
	

	Q5
	During sports, I do not engage in rule violations or violent behavior because of an excessive desire to win.
	
	
	
	
	

	Q6
	I can identify and prevent imminent risks during sports.
	
	
	
	
	

	Q7
	I have mastered some basic knowledge about exercise, such as warming up, cooling down, and managing common sports injuries.
	
	
	
	
	

	Q8
	I can keep the exercise load within my own tolerance.
	
	
	
	
	

	Q9
	I rarely perform incorrect or dangerous movements during exercise.
	
	
	
	
	

	Q10
	I participate in exercise regularly (at least three times per week, for more than half an hour each time, with a heart rate above 130).
	
	
	
	
	

	Q11
	The sports venues at my university comply with national hygiene and safety standards.
	
	
	
	
	

	Q12
	My university properly maintains its sports venues and equipment, with no safety hazards.
	
	
	
	
	

	Q13
	When exercising, I wear appropriate clothing and use the required protective gear.
	
	
	
	
	

	Q14
	I do not participate in sports under adverse weather conditions such as rain, high temperatures, smog, or sand and dust.
	
	
	
	
	

	Q15
	I clearly understand how geographical conditions affect my participation in physical activity (e.g., latitude, altitude, temperature, and air humidity).
	
	
	
	
	

	Q16
	When exercising, I generally choose low-contact or low-risk sports.
	
	
	
	
	

	Q17
	During competitions, I can remain calm when spectators occasionally use inappropriate language or display extreme behavior.
	
	
	
	
	

	Q18
	When a sports competition in which I participate is highly intense, I can place my own safety first.
	
	
	
	
	



Table S5 (continued). University Student Survey Questionnaire
Organizational management risk
	Item No.
	Statement
	1
	2
	3
	4
	5

	Q19
	My university purchases accident insurance covering sports-related injuries and similar incidents for me.
	
	
	
	
	

	Q20
	My university can reasonably arrange and coordinate the number of people using the relevant venues and facilities.
	
	
	
	
	

	Q21
	My university develops on-site response plans for unexpected sports injury incidents.
	
	
	
	
	

	Q22
	My university establishes relevant departments to organize and manage sports activities conducted by student clubs.
	
	
	
	
	

	Q23
	I do not use equipment without authorization when I do not know how to use it.
	
	
	
	
	

	Q24
	Sports venue management personnel can fulfill their supervisory responsibilities and explain how to use the equipment.
	
	
	
	
	

	Q25
	My physical education teacher can arrange practice content according to students' physical fitness.
	
	
	
	
	

	Q26
	My physical education teacher can take appropriate measures in response to sudden injury incidents.
	
	
	
	
	

	Q27
	My physical education teacher informs students in advance about potential sports-related risks.
	
	
	
	
	

	Q28
	My physical education teacher can promptly identify students with physical abnormalities.
	
	
	
	
	

	Q29
	In off-campus sports events in which I participate, the event organizer can arrange the competition schedule reasonably, avoiding situations such as excessive exercise loads caused by a congested schedule.
	
	
	
	
	

	Q30
	In off-campus sports events in which I participate, the event organizer can closely monitor athletes and arrange pre-competition physical examinations, the establishment and verification of health records, and on-site medical supervision.
	
	
	
	
	

	Q31
	The off-campus sports events in which I participate are all approved by the relevant authorities, with compliant procedures and complete formalities.
	
	
	
	
	

	Q32
	In off-campus sports events in which I participate, the relevant personnel of the event organizer (referees, coaches, security personnel, etc.) can fulfill their respective responsibilities.
	
	
	
	
	


This concludes the questionnaire. Thank you again for your participation.

Table S6. Item-Analysis Results for the Preliminary 32-Item Scale
	Item code
	Item descriptor
	Extreme-group t statistic
	Item–total correlation (r)
	Corrected item–total correlation (r)
	Cronbach’s α if item deleted
	No. of criteria not met
	Item-analysis decision

	Q1
	Personal physical fitness
	9.36*
	0.46*
	0.42
	0.96
	0
	Retained for EFA

	Q2
	Sports injury history
	10.41*
	0.52*
	0.48
	0.96
	0
	Retained for EFA

	Q3
	Mental health status
	8.22*
	0.44*
	0.39
	0.96
	1
	Retained for EFA

	Q4
	Extreme psychological states
	9.91*
	0.54*
	0.50
	0.96
	0
	Retained for EFA

	Q5
	Fair-play awareness
	9.36*
	0.46*
	0.41
	0.96
	0
	Retained for EFA

	Q6
	Risk prevention awareness
	12.34*
	0.61*
	0.58
	0.96
	0
	Retained for EFA

	Q7
	Scientific exercise knowledge
	12.94*
	0.63*
	0.60
	0.96
	0
	Retained for EFA

	Q8
	Exercise-load management
	14.41*
	0.67*
	0.65
	0.96
	0
	Retained for EFA

	Q9
	Technical movement standardization
	10.52*
	0.56*
	0.53
	0.96
	0
	Retained for EFA

	Q10
	Exercise frequency
	9.63*
	0.52*
	0.47
	0.96
	0
	Retained for EFA

	Q11
	Venue and equipment adequacy
	19.07*
	0.71*
	0.69
	0.96
	0
	Retained for EFA

	Q12
	Venue and equipment maintenance
	20.43*
	0.76*
	0.74
	0.96
	0
	Retained for EFA

	Q13
	Use of protective sports equipment
	16.65*
	0.70*
	0.68
	0.96
	0
	Retained for EFA

	Q14
	Weather conditions
	10.18*
	0.51*
	0.47
	0.96
	0
	Removed after content review

	Q15
	Geographic and climatic variation
	14.07*
	0.65*
	0.62
	0.96
	0
	Retained for EFA

	Q16
	Sport-specific risk
	13.15*
	0.57*
	0.53
	0.96
	0
	Retained for EFA

	Q17
	Spectator-related risk
	15.01*
	0.68*
	0.66
	0.96
	0
	Retained for EFA

	Q18
	Competition intensity
	14.84*
	0.65*
	0.62
	0.96
	0
	Removed after content review

	Q19
	Exercise risk transfer
	15.78*
	0.68*
	0.65
	0.96
	0
	Retained for EFA

	Q20
	Organizational coordination capacity
	20.17*
	0.79*
	0.77
	0.96
	0
	Retained for EFA

	Q21
	Emergency response plan development
	20.08*
	0.79*
	0.78
	0.96
	0
	Retained for EFA

	Q22
	Event management network
	21.10*
	0.80*
	0.79
	0.96
	0
	Retained for EFA

	Q23
	Standardized equipment use
	15.10*
	0.68*
	0.66
	0.96
	0
	Retained for EFA

	Q24
	Venue management personnel
	18.68*
	0.76*
	0.74
	0.96
	0
	Retained for EFA

	Q25
	Teacher instructional competence
	23.05*
	0.77*
	0.75
	0.96
	0
	Retained for EFA

	Q26
	Teacher emergency response capability
	26.32*
	0.80*
	0.79
	0.96
	0
	Retained for EFA

	Q27
	Fulfillment of teacher responsibilities
	19.67*
	0.74*
	0.72
	0.96
	0
	Retained for EFA

	Q28
	Teacher risk perception
	22.19*
	0.79*
	0.77
	0.96
	0
	Retained for EFA

	Q29
	Competition organization and scheduling
	25.17*
	0.83*
	0.81
	0.96
	0
	Retained for EFA

	Q30
	Health management training
	25.12*
	0.83*
	0.81
	0.96
	0
	Retained for EFA

	Q31
	Competition reporting and approval
	25.82*
	0.82*
	0.80
	0.96
	0
	Retained for EFA

	Q32
	Personnel performance standards
	23.63*
	0.82*
	0.81
	0.96
	0
	Retained for EFA

	Retention thresholds
	
	≥ 3.00
	> 0.40
	> 0.40
	≤ 0.96
	
	


Note. The preliminary 32-item scale had Cronbach’s α = 0.96 in the development subsample (n = 402); * P < 0.05. Item Q3 did not meet one corrected item–total correlation criterion but was retained for EFA and was subsequently removed during factor-analytic refinement. Items Q14 and Q18 met the statistical item-analysis thresholds but were removed after content review because of concerns regarding wording, applicability, and conceptual overlap. EFA = exploratory factor analysis.

Table S7. Exploratory Factor Analysis of the Final 23-Item Scale
	Final item code
	Original item code
	Item descriptor
	Assigned factor
	Participant risk loading
	Sports environment risk loading
	Organizational management risk loading
	Communality (h²)
	Loading difference
	Loading-pattern assessment

	T1
	Q1
	Personal physical fitness
	Participant risk
	0.61
	0.11
	0.15
	0.40
	0.46
	

	T2
	Q2
	Sports injury history
	Participant risk
	0.53
	0.19
	0.20
	0.36
	0.33
	

	T3
	Q4
	Extreme psychological states
	Participant risk
	0.62
	0.22
	0.12
	0.44
	0.40
	

	T4
	Q6
	Risk prevention awareness
	Participant risk
	0.75
	0.09
	0.23
	0.62
	0.52
	

	T5
	Q7
	Scientific exercise knowledge
	Participant risk
	0.77
	0.16
	0.22
	0.67
	0.56
	

	T6
	Q8
	Exercise-load management
	Participant risk
	0.70
	0.10
	0.35
	0.62
	0.34
	

	T7
	Q9
	Technical movement standardization
	Participant risk
	0.71
	0.15
	0.14
	0.55
	0.56
	

	T8
	Q10
	Exercise frequency
	Participant risk
	0.74
	0.24
	0.05
	0.60
	0.49
	

	T9
	Q11
	Venue and equipment adequacy
	Sports environment risk
	0.24
	0.70
	0.38
	0.69
	0.32
	

	T10
	Q12
	Venue and equipment maintenance
	Sports environment risk
	0.26
	0.77
	0.37
	0.79
	0.39
	

	T11
	Q13
	Use of protective sports equipment
	Sports environment risk
	0.32
	0.66
	0.32
	0.65
	0.34
	

	T12
	Q17
	Spectator-related risk
	Sports environment risk
	0.29
	0.52
	0.37
	0.49
	0.15
	

	T13
	Q19
	Exercise risk transfer
	Sports environment risk
	0.20
	0.59
	0.42
	0.56
	0.17
	Cross-loading observed

	T14
	Q23
	Standardized equipment use
	Organizational management risk
	0.21
	0.30
	0.60
	0.49
	0.30
	

	T15
	Q24
	Venue management personnel
	Organizational management risk
	0.20
	0.39
	0.66
	0.63
	0.27
	

	T16
	Q25
	Teacher instructional competence
	Organizational management risk
	0.25
	0.18
	0.82
	0.77
	0.57
	

	T17
	Q26
	Teacher emergency response capability
	Organizational management risk
	0.25
	0.21
	0.84
	0.82
	0.59
	

	T18
	Q27
	Fulfillment of teacher responsibilities
	Organizational management risk
	0.17
	0.13
	0.88
	0.81
	0.71
	

	T19
	Q28
	Teacher risk perception
	Organizational management risk
	0.20
	0.23
	0.85
	0.81
	0.62
	

	T20
	Q29
	Competition organization and scheduling
	Organizational management risk
	0.22
	0.33
	0.84
	0.86
	0.51
	

	T21
	Q30
	Health management training
	Organizational management risk
	0.22
	0.34
	0.82
	0.84
	0.49
	

	T22
	Q31
	Competition reporting and approval
	Organizational management risk
	0.20
	0.39
	0.79
	0.81
	0.40
	

	T23
	Q32
	Personnel performance standards
	Organizational management risk
	0.23
	0.38
	0.78
	0.80
	0.40
	


Note. Development subsample n = 402. EFA = exploratory factor analysis; PCA = principal component analysis; KMO = Kaiser–Meyer–Olkin measure of sampling adequacy; h² = communality. PCA with Varimax rotation was used. The initial 30-item KMO was 0.96 and the final 23-item KMO was 0.95. Bartlett’s test for the final solution yielded χ² = 7468.36, df = 253, P < 0.001. The first three eigenvalues were 11.58, 2.46, and 1.03. Rotated variance contributions were 31.71%, 19.74%, and 14.09%, respectively, with cumulative explained variance of 65.54%. Factor labels were aligned with the theoretical dimensions after rotation. Item T13 showed a secondary loading > 0.40 and a loading difference < 0.20 under Varimax rotation.

Table S8. Item-Level CFA Estimates for the Final 23-Item Scale
	Final item code
	Original item code
	Item descriptor
	Factor
	Standardized factor loading
	95% CI
	P
	R²

	T1
	Q1
	Personal physical fitness
	Participant risk
	0.48
	0.39–0.56
	<0.001
	0.23

	T2
	Q2
	Sports injury history
	Participant risk
	0.53
	0.46–0.61
	<0.001
	0.28

	T3
	Q4
	Extreme psychological states
	Participant risk
	0.52
	0.44–0.60
	<0.001
	0.27

	T4
	Q6
	Risk prevention awareness
	Participant risk
	0.76
	0.71–0.81
	<0.001
	0.57

	T5
	Q7
	Scientific exercise knowledge
	Participant risk
	0.79
	0.75–0.84
	<0.001
	0.63

	T6
	Q8
	Exercise-load management
	Participant risk
	0.79
	0.74–0.83
	<0.001
	0.62

	T7
	Q9
	Technical movement standardization
	Participant risk
	0.75
	0.70–0.80
	<0.001
	0.56

	T8
	Q10
	Exercise frequency
	Participant risk
	0.64
	0.57–0.70
	<0.001
	0.41

	T9
	Q11
	Venue and equipment adequacy
	Sports environment risk
	0.73
	0.68–0.78
	<0.001
	0.53

	T10
	Q12
	Venue and equipment maintenance
	Sports environment risk
	0.68
	0.62–0.74
	<0.001
	0.46

	T11
	Q13
	Use of protective sports equipment
	Sports environment risk
	0.71
	0.66–0.77
	<0.001
	0.51

	T12
	Q17
	Spectator-related risk
	Sports environment risk
	0.64
	0.58–0.71
	<0.001
	0.42

	T13
	Q19
	Exercise risk transfer
	Sports environment risk
	0.60
	0.53–0.67
	<0.001
	0.36

	T14
	Q23
	Standardized equipment use
	Organizational management risk
	0.74
	0.69–0.78
	<0.001
	0.54

	T15
	Q24
	Venue management personnel
	Organizational management risk
	0.76
	0.71–0.80
	<0.001
	0.57

	T16
	Q25
	Teacher instructional competence
	Organizational management risk
	0.83
	0.80–0.86
	<0.001
	0.69

	T17
	Q26
	Teacher emergency response capability
	Organizational management risk
	0.86
	0.83–0.89
	<0.001
	0.73

	T18
	Q27
	Fulfillment of teacher responsibilities
	Organizational management risk
	0.84
	0.80–0.87
	<0.001
	0.70

	T19
	Q28
	Teacher risk perception
	Organizational management risk
	0.86
	0.83–0.89
	<0.001
	0.74

	T20
	Q29
	Competition organization and scheduling
	Organizational management risk
	0.85
	0.82–0.88
	<0.001
	0.72

	T21
	Q30
	Health management training
	Organizational management risk
	0.84
	0.81–0.87
	<0.001
	0.70

	T22
	Q31
	Competition reporting and approval
	Organizational management risk
	0.88
	0.85–0.90
	<0.001
	0.77

	T23
	Q32
	Personnel performance standards
	Organizational management risk
	0.84
	0.81–0.87
	<0.001
	0.71


Note. CFA = confirmatory factor analysis; CI = confidence interval; R² = proportion of item variance explained by its assigned latent factor. Estimates were obtained from the modified three-factor maximum-likelihood CFA model in the CFA subsample (n = 401).

Table S9. Model-Fit Indices for the Initial, Modified, and Competing CFA Models
	Model
	χ²
	df
	χ²/df
	NFI
	IFI
	CFI
	TLI
	RMSEA (90% CI)
	SRMR
	AIC
	BIC

	Initial three-factor
	1094.34
	227
	4.82
	0.85
	0.88
	0.87
	0.86
	0.10 (0.09–0.10)
	0.06
	17530.55
	17818.12

	Modified three-factor
	640.31
	218
	2.94
	0.91
	0.94
	0.94
	0.93
	0.07 (0.06–0.08)
	0.05
	17094.52
	17418.03

	Modified two-factor
	721.16
	220
	3.28
	0.90
	0.93
	0.93
	0.92
	0.08 (0.07–0.08)
	0.06
	17171.37
	17486.90

	Modified one-factor
	1393.24
	221
	6.30
	0.81
	0.83
	0.83
	0.81
	0.12 (0.11–0.12)
	0.10
	17841.46
	18152.99


Note. CFA = confirmatory factor analysis; ML = maximum likelihood; NFI = normed fit index; IFI = incremental fit index; CFI = comparative fit index; TLI = Tucker–Lewis index; RMSEA = root mean square error of approximation; CI = confidence interval; SRMR = standardized root mean square residual; AIC = Akaike information criterion; BIC = Bayesian information criterion. CFA subsample n = 401. ML was the primary estimator. NFI and IFI were derived from the user-model and baseline-model chi-square statistics. The same nine within-factor residual correlations were retained in the modified competing models.


Table S10. Residual Correlations Retained in the Modified Three-Factor CFA Model
	Residual pair
	Factor
	Initial modification index (MI)
	Standardized residual correlation
	95% CI
	P
	Item-level rationale

	T1–T2
	Participant risk
	41.21
	0.33
	0.25–0.42
	<0.001
	Physical condition and prior injury history are related health-background indicators.

	T1–T8
	Participant risk
	17.75
	0.24
	0.15–0.33
	<0.001
	Physical fitness and regular exercise share stable exercise-preparedness content.

	T9–T10
	Sports environment risk
	86.97
	0.50
	0.42–0.58
	<0.001
	Both items assess institutional venue/equipment safety.

	T16–T17
	Organizational management risk
	91.90
	0.35
	0.26–0.44
	<0.001
	Both items assess teachers' professional safety capability in teaching and emergency response.

	T17–T18
	Organizational management risk
	64.75
	0.28
	0.19–0.38
	<0.001
	Both items concern teachers' response and advance risk communication responsibilities.

	T20–T21
	Organizational management risk
	35.86
	0.32
	0.24–0.40
	<0.001
	Both items concern event organizers' schedule and participant-health safeguards.

	T21–T22
	Organizational management risk
	54.20
	0.45
	0.37–0.54
	<0.001
	Both items concern event health management and formal management procedures.

	T22–T23
	Organizational management risk
	69.22
	0.49
	0.41–0.58
	<0.001
	Both items concern event procedures and personnel responsibility.

	T21–T23
	Organizational management risk
	13.48
	0.33
	0.24–0.42
	<0.001
	Both items concern organizers' responsibility for participant health and safety.


Note. CFA = confirmatory factor analysis; MI = modification index; ML = maximum likelihood; CI = confidence interval. Initial MI values were obtained from the initial three-factor ML model; standardized residual correlations, 95% CIs, and P values were obtained from the modified three-factor ML model in the CFA subsample (n = 401). All nine residual correlations were specified between items within the same latent factor; no cross-loadings or changes in factor membership were introduced.

Table S11. Composite Reliability and Convergent Validity of the Final Three-Factor CFA Model
	Factor
	No. of items
	Cronbach’s α
	CR
	AVE
	√AVE
	Standardized loading range

	Participant risk
	8
	0.86
	0.82
	0.43
	0.66
	0.48–0.79

	Sports environment risk
	5
	0.82
	0.78
	0.45
	0.67
	0.60–0.73

	Organizational management risk
	10
	0.96
	0.94
	0.68
	0.83
	0.74–0.88


Note. CFA = confirmatory factor analysis; CR = composite reliability; AVE = average variance extracted; √AVE = square root of AVE. Cronbach’s α values and CFA-based estimates were obtained in the CFA subsample (n = 401). CR and AVE provide model-based evidence relevant to reliability and convergent validity.

Table S12. Discriminant Validity of the Final Three-Factor CFA Model
	Factor pair
	Latent correlation (r)
	√AVE, factor 1
	√AVE, factor 2
	Fornell–Larcker criterion
	Pearson HTMT2
	Ordinal HTMT2
	Ordinal HTMT2 < 0.90

	Participant risk vs Sports environment risk
	0.73
	0.66
	0.67
	Not met
	0.67
	0.68
	Met

	Participant risk vs Organizational management risk
	0.52
	0.66
	0.83
	Met
	0.47
	0.49
	Met

	Sports environment risk vs Organizational management risk
	0.92
	0.67
	0.83
	Not met
	0.91
	0.92
	Not met


Note. CFA = confirmatory factor analysis; CR = composite reliability; AVE = average variance extracted; √AVE = square root of AVE; HTMT2 = heterotrait–monotrait ratio 2 of correlations. Cronbach’s α values and CFA-based estimates were obtained in the CFA subsample (n = 401). CR and AVE provide model-based evidence relevant to reliability and convergent validity, whereas the Fornell–Larcker criterion and HTMT2 were used to evaluate discriminant validity. “Met” and “Not met” indicate whether the stated criterion was satisfied for the corresponding factor pair.


