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Abstract:

This study aimed to conduct a meta-analysis of previous research to identify and synthesize factors influencing the safety of
participants in sports venues. This research employed a systematic review and meta-analytic approach. The statistical
population included 12 descriptive and correlational studies conducted in Iran between 2019 and 2024, along with international
articles up to 2022. Databases such as SID, Normagz, Magiran, and ScienceDirect were searched for relevant studies. Data
analysis was carried out using CMA software, calculating both fixed and random combined effect sizes for variables related to
sports facility safety. The fixed combined effect size was 0.391, and the random combined effect size was 0.453, both
statistically significant. The highest effect was associated with the “supervision” factor (effect size = 0.97), followed by “job
description” (effect size = 0.86). Other significant factors included professional training, environmental control, physical
protection, and architectural design. The Q-test indicated significant heterogeneity among studies, confirming variation in effect
sizes. Rosenthal’s safe N-test revealed high reliability and the absence of publication bias. The findings suggest that continuous
supervision, clearly defined job roles, professional training programs, and safety-oriented facility design are critical to
enhancing participants’ safety in sports venues. The integration of modern technologies—particularly artificial intelligence-
based monitoring systems—can improve real-time risk detection and emergency response. It is recommended that managers
implement intelligent monitoring systems, simulation-based training, and periodic evaluation of safety standards to promote a
safer sporting environment.
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Funnel Plot of Precision by Fisher's Z
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Extended Summary

Introduction

The safety of participants in sports venues has become a central issue in sports management, public health, and urban
planning. Sports environments—ranging from small community gyms to large stadiums—are complex ecosystems in which
human behavior, physical design, management systems, and social dynamics interact. A failure in any of these components
may lead to injuries, property damage, or even large-scale crises that undermine public confidence in the sports system (Wang
& Wang, 2020). In recent years, the expansion of mass sports participation, particularly in developing countries, has increased
the urgency of establishing safety protocols and implementing evidence-based management systems in sports venues (Ghanbari
& Hakak Zadeh, 2020).

Scholarly attention to safety in sports facilities has grown after a series of incidents that revealed structural, managerial, and
behavioral vulnerabilities. These include the lack of standardized risk-management systems, poor supervision, inadequate
training of staff, and insufficient alignment between architectural design and user behavior (Pour Mirza et al., 2020). In addition,
the global spread of COVID-19 highlighted the intersection between health safety and physical safety, demonstrating that sports
venues must integrate sanitary, environmental, and organizational dimensions of protection (Chen, 2020; Pierce et al., 2020).

A major determinant of perceived and actual safety is the environmental design of sports facilities. Well-planned
architecture—featuring appropriate lighting, emergency exits, ventilation, and spatial organization—can dramatically reduce
the likelihood of accidents and improve users’ psychological comfort (Collins & White, 2020; Cruz et al., 2022). The study by
(Annemans et al., 2024) in rehabilitation centers further showed that ergonomic and human-centered design not only prevents
injuries but also enhances recovery and concentration. At the community level, environmental and neighborhood safety have
been found to influence levels of physical activity and well-being (Constable Fernandez et al., 2023; Mitas et al., 2018; Zeng
et al., 2022).

Safety also depends on managerial and organizational factors such as supervision quality, staff role clarity, and training.
Effective supervision systems have been identified as the strongest predictors of safety outcomes, as they regulate staff

behavior, detect irregularities early, and reinforce adherence to operational protocols (Baker et al., 2023). Similarly, (Saeidi
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Majd et al., 2020) and (Faraji et al., 2022) emphasized that systematic monitoring, risk-assessment plans, and crisis-
management frameworks are essential for minimizing hazards in large sports complexes.

The emerging literature on human resource management in sports facilities confirms that safety is closely related to job
clarity and the organizational safety culture. Clear job descriptions and division of responsibilities reduce role ambiguity,
improve communication, and enhance accountability (Baker et al., 2023). In Iran’s sports industry, lack of job definition and
unclear delegation of authority have been reported as recurrent problems leading to safety lapses (Douroudian et al., 2022).

Training and preparedness also play an essential role. Research on simulation-based and scenario-based training has
demonstrated significant improvements in staff readiness and decision-making under pressure (Harper et al., 2021; Johnson &
Brown, 2021). Such training methods strengthen coordination, speed of response, and cognitive resilience during emergencies.
Likewise, (He et al., 2020) and (Veraei et al., 2021) found that safety training contributes to higher perceptions of environmental
safety and promotes continuous participation in physical activity.

Technological innovation is another transformative dimension. Artificial intelligence (Al) has emerged as a tool for
intelligent monitoring, risk detection, and automated incident response in smart stadiums. (Swanson et al., 2024) demonstrated
that Al-enabled surveillance systems can identify crowd anomalies and potential threats in real time. Similarly, (Zzhang et al.,
2023) described how machine-learning algorithms analyze video data to predict high-risk behavior among spectators. These
systems reduce reliance on human observation and enhance accuracy in identifying safety risks.

From a socio-cultural and legal perspective, safety in sports venues is also linked to societal norms, gender participation,
and public trust. (Shariati Faiz Abadi & Mahdi, 2022) highlighted that policies governing safety should align with local cultural
and ethical frameworks to avoid resistance or privacy concerns. Studies in Iran further indicate that perceived social security
and equality in sports spaces are critical motivators for women’s participation (Moradi Siasari et al., 2020). Moreover, a national
safety culture can contribute to broader notions of social order and even national security (Bahmani et al., 2023).

Taken together, these studies confirm that safety in sports venues is a multidimensional construct encompassing
environmental design, supervision, management, technology, and socio-cultural conditions. Despite valuable insights from
individual studies, empirical findings remain fragmented. A meta-analytic synthesis can therefore provide a comprehensive
picture of the relative strength of these factors and identify the most influential components affecting participant safety.

Hence, the present study aimed to conduct a meta-analysis of research examining the factors influencing the safety of
participants in sports venues.

Methods and Materials

This study adopted a systematic review and meta-analysis design. The research corpus included 12 descriptive, survey, and
correlational studies conducted between 2019 and 2024 in Iran and other countries, with additional international papers
published up to 2022. The search strategy covered the databases SID, Normagz, Magiran, and ScienceDirect. Inclusion criteria
required full-text availability, relevance to sports-facility safety, and sufficient statistical data for effect-size calculation.

Data extraction was performed using a structured coding sheet to record study characteristics, variables, sample sizes, and
statistical indicators. The analysis was conducted with the Comprehensive Meta-Analysis (CMA) software. Fixed and random-
effects models were used to calculate combined effect sizes and to assess heterogeneity (Q statistic). Publication bias was tested
through funnel plots and Rosenthal’s fail-safe N method. Subgroup analyses explored the relative impact of managerial,

environmental, and educational variables on overall safety outcomes.
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Findings

The meta-analysis revealed that the fixed combined effect size was 0.391, while the random combined effect size was 0.453,
both statistically significant at the 0.01 level. These results indicate a moderate to strong overall relationship between the
identified factors and safety in sports venues. Among the analyzed variables, supervision had the highest effect size (0.97),
followed by job description and role clarity (0.86), demonstrating the dominant role of managerial control and organizational
structure in promoting safety.

Training and education also showed high and consistent effects, suggesting that continuous professional development of
staff contributes significantly to reducing incidents. Factors related to environmental and architectural design—such as lighting,
accessibility, and spatial layout—exhibited positive but smaller effects, indicating that physical safety depends on both
infrastructure and management.

The Q statistic confirmed heterogeneity among effect sizes (Q = 1359.753, df = 55, p < 0.001), implying that contextual and
methodological differences across studies account for variability in results. Rosenthal’s fail-safe N test indicated that 8,770
additional null studies would be required to nullify the statistical significance of the combined effect, confirming strong
robustness and minimal publication bias.

Duval and Tweedie’s trim-and-fill analyses showed symmetrical funnel plots under both fixed and random conditions,
further supporting the reliability of results. The test for homogeneity indicated significant variance, leading to the adoption of
the random-effects model for interpretive consistency. Overall, the analysis validated that the collective evidence is both
statistically sound and practically relevant.

Discussion and Conclusion

The findings of this meta-analysis highlight the pivotal importance of supervision systems in ensuring safety within sports
venues. Continuous, systematic, and technology-assisted supervision reduces operational errors, enforces compliance, and
strengthens user confidence. The dominance of supervision as the most powerful predictor corroborates the argument that
safety management is primarily a human and organizational issue rather than merely a technical one. Clearly defined monitoring
procedures and accountability hierarchies form the backbone of safe facility management.

The second major finding relates to job clarity and organizational role definition. The strong effect size associated with this
factor suggests that ambiguity in duties, overlapping responsibilities, and inadequate communication contribute directly to
unsafe conditions. When employees understand their tasks precisely and have clear reporting lines, they are more likely to
identify hazards early and respond effectively during emergencies. This result underlines the value of managerial transparency
and standardized job protocols in promoting safety culture.

Another noteworthy outcome is the significant role of training and preparedness. Staff education—especially through
simulation-based and scenario-driven programs—enhances decision-making, coordination, and psychological readiness under
stress. Such training also cultivates a proactive attitude toward risk management, transforming safety from a reactive to a
preventive process. Regular drills, evaluation sessions, and updates of emergency procedures are essential to maintain this
readiness.

Environmental and architectural factors also contribute meaningfully to safety outcomes. Proper design of exits, adequate
lighting, and spatial planning not only prevent physical injuries but also reduce anxiety and confusion among participants. An
ergonomically sound environment creates a sense of control and well-being, which indirectly improves behavior and

compliance with safety rules. The built environment therefore functions as both a protective and psychological shield for users.
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Furthermore, the integration of advanced technologies, particularly Al-driven surveillance and data analytics, represents a
transformative advancement in safety management. Smart stadiums equipped with intelligent sensors and automated
monitoring can detect anomalies, crowd density, and risky behavior in real time. This technology minimizes human error and
provides predictive insights that traditional systems cannot achieve. While technological reliance introduces ethical and privacy
considerations, it also marks a crucial evolution toward precision safety management.

Beyond the physical and managerial dimensions, socio-cultural and policy factors profoundly influence safety perception
and behavior. Public trust, gender inclusivity, and cultural sensitivity shape how individuals experience safety in sports
environments. Policies that harmonize technological oversight with respect for privacy and cultural values foster broader
acceptance and participation. Safety should thus be conceptualized as an element of social well-being rather than solely a
regulatory requirement.

In summary, the meta-analysis provides robust quantitative evidence that safety in sports venues is a multidimensional
construct governed by organizational, educational, environmental, and technological determinants. Effective safety
management demands an integrative approach that combines human resource development, architectural innovation, and
intelligent monitoring systems. Supervision and job clarity emerge as the cornerstones of safety, complemented by continuous
training and adaptive design.

This synthesis also underscores the need for policymakers and managers to adopt evidence-based strategies tailored to the
cultural and operational realities of each context. Investing in staff competence, reinforcing monitoring infrastructure, and
embedding a culture of safety across all organizational levels will ensure that sports participation remains a secure and fulfilling
experience. The convergence of management science, engineering design, and artificial intelligence offers an unprecedented

opportunity to redefine how safety is perceived and implemented in modern sports facilities.
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