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Abstract: Workplace accidents in warehouse operations remain a serious safety concern, yet the mechanism through which operator competence, the physical work environment, and worker cognition jointly reduce such accidents is still poorly understood, particularly the pathway running through occupational health and safety (OHS) procedure compliance. This study analyzes the influence of Operator License (SIO), Warehouse Layout, and Safety Knowledge on the Number of Workplace Accidents, both directly and through the mediation of OHS Procedure Compliance, among warehouse workers of PT X at its Bandung and Cikarang sites. A quantitative explanatory approach was applied using Partial Least Squares Structural Equation Modeling (PLS-SEM) with a saturated sample of 74 respondents from a population of 80. Results show that Warehouse Layout significantly improves OHS Procedure Compliance (T = 3.878; p = 0.000), while SIO and Safety Knowledge do not. SIO directly and significantly reduces the Number of Workplace Accidents (T = 2.881; p = 0.004), whereas Warehouse Layout affects accidents only indirectly, fully mediated by OHS Procedure Compliance (T = 2.914; p = 0.004). Safety Knowledge shows no significant effect through either path. The four variables jointly explain 68.7 percent of the variance in workplace accidents. The novelty of this study is showing that OHS compliance is shaped more by structural and technical-competence factors than by workers' cognitive safety understanding, giving warehouse operators a differentiated basis for prioritizing safety interventions.
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Indonesian Abstract: Kecelakaan kerja pada aktivitas pergudangan masih menjadi masalah keselamatan yang serius, namun mekanisme yang menjelaskan bagaimana kompetensi operator, kondisi lingkungan kerja, dan pengetahuan pekerja secara bersama-sama menurunkan kecelakaan tersebut, khususnya melalui jalur mediasi Kepatuhan Prosedur K3, masih belum banyak dikaji. Penelitian ini menganalisis pengaruh Surat Izin Operator (SIO), Tata Letak Gudang, dan Safety Knowledge terhadap Jumlah Kecelakaan Kerja, baik secara langsung maupun melalui mediasi Kepatuhan Prosedur K3, pada pekerja warehouse PT X site Bandung dan site Cikarang. Pendekatan kuantitatif eksplanatori digunakan dengan teknik Partial Least Squares Structural Equation Modeling (PLS-SEM) dan sampel jenuh sebanyak 74 dari 80 populasi. Hasil penelitian menunjukkan Tata Letak Gudang berpengaruh signifikan terhadap Kepatuhan Prosedur K3 (T = 3,878; P = 0,000), sedangkan SIO dan Safety Knowledge tidak. SIO berpengaruh negatif signifikan secara langsung terhadap Jumlah Kecelakaan Kerja (T = 2,881; P = 0,004), sementara Tata Letak Gudang berpengaruh signifikan sepenuhnya melalui mediasi Kepatuhan Prosedur K3 (T = 2,914; P = 0,004). Safety Knowledge tidak terbukti berpengaruh pada kedua jalur. Keempat variabel secara simultan menjelaskan 68,7% variasi Jumlah Kecelakaan Kerja. Novelty penelitian ini menunjukkan bahwa kepatuhan K3 lebih banyak dibentuk oleh faktor struktural dan kompetensi teknis dibandingkan pemahaman kognitif pekerja, sehingga memberikan dasar prioritas berbeda bagi perusahaan pergudangan dalam merancang intervensi keselamatan kerja.
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INTRODUCTION
Modern industrial systems require companies to balance rising productivity with sustained protection of worker safety. Workplace accidents remain a serious global concern: each year approximately 2.3 million workers die from work-related accidents and diseases, alongside more than 300 million non-fatal injury cases (International Labour Organization, 2019). More recent estimates indicate that fatalities linked to occupational accidents and diseases have risen to nearly 3 million per year, with more than 300,000 direct fatalities (International Labour Organization, 2023). A similarly high toll is recorded in the United States, where 4,337 fatal work injuries and about 3.95 million injury cases requiring medical treatment were reported in 2024 (National Safety Council, 2024). These figures confirm that occupational risk remains a pressing concern across industrial sectors worldwide.
This global pattern is mirrored in Indonesia. National data show the number of workplace accidents rising consistently, from 221,740 cases in 2020 to 462,241 cases in 2024, passing through 234,370 cases in 2021, 297,725 in 2022, and 370,747 in 2023 (Satudata Kementerian Ketenagakerjaan Republik Indonesia, 2025). This steady increase suggests that occupational health and safety (OHS) implementation across industries still faces persistent obstacles in compliance, supervision, and working conditions. Although national statistics do not disaggregate accidents by sector, comparative evidence from the United States shows that the transportation and warehousing sector ranks second only to construction in fatal occupational injuries, at an incidence rate of 14.5 per 100,000 workers (Bureau of Labor Statistics US Department of Labor, 2024). Aksu (2024) likewise notes that the warehousing and logistics sector carries substantial occupational risk owing to task complexity and high activity intensity, underscoring that this sector warrants particular attention in OHS implementation.
This phenomenon is evident at a third-party logistics (3PL) warehouse operated by PT X at its Bandung site. Although Material Handling Equipment (MHE) and an enterprise resource planning (ERP) system have improved the efficiency of picking, racking, and loading/unloading activities, they have not automatically reduced accident risk: five workplace accidents were recorded during 2024, followed by three additional incidents between January and December 2025, one resulting in a hand fracture. In nearly every incident investigation, the workers involved gave a similar explanation—loss of focus or pressure from high work targets—an answer that, while not entirely inaccurate, remains superficial and does not clarify the underlying cause. This prompted the present inquiry into more fundamental factors: whether operators genuinely hold a valid Operator License (SIO), whether the existing Warehouse Layout is adequately designed rather than inadvertently raising accident risk, and whether workers have received continuous Safety Knowledge sufficient to prepare them for operational hazards. Accident consequences extend beyond material loss to lost working hours and reduced productivity, indicating that technology adoption alone does not automatically lower accident risk when the human and behavioral dimensions of work remain poorly managed (Dongoran, 2025).
A workplace accident is an unintended event arising during work that can injure workers, damage equipment, or disrupt operations; beyond these direct effects, it can also produce psychological impacts on workers and colleagues, reduce morale, and raise the medical and insurance costs borne by a company (Christiani Berek et al., 2022; Sarsangi et al., 2017). The number of workplace accidents therefore remains a key indicator for evaluating the effectiveness of an OHS management system (Ali et al., 2022).
One control mechanism for high-risk equipment in warehouse settings is the Operator License (Surat Izin Operator, SIO), a certification issued to workers who meet the competency requirements for operating lifting and transport equipment, including forklifts. Under Regulation of the Minister of Manpower No. PER.09/MEN/VII/2010, every forklift operator must hold a valid SIO and an accompanying logbook as evidence of authority and a record of operational activity (Peraturan Menteri Tenaga Kerja Dan Transmigrasi Republik Indonesia, 2010). SIO functions as an initial safety-control instrument because the certification process equips operators with procedural knowledge and hazard awareness. Pamungkas et al. (2026) found that SIO ownership contributes to a better understanding of operational standards, fewer human-error incidents, and more efficient loading and unloading activity; nonetheless, its effectiveness in practice still depends on supervision, coaching, and the operator's consistency in applying OHS principles.
Warehouse Layout—the zoning of storage areas, the arrangement of material-handling routes, and the placement of goods to minimize travel distance and processing time (Albert et al., 2023)—also shapes accident risk. A well-designed layout can reduce forklift collisions, prevent operational congestion, and improve visibility and control over in-warehouse activity, whereas a poorly designed one can increase collision potential, congestion, and blind spots that endanger workers. In practice, layout design often prioritizes flow efficiency and space utilization over safety considerations (Albert et al., 2023; Kumar et al., 2021), so that Warehouse Layout influences not only operational smoothness but also the likelihood of workplace accidents when it is not managed adaptively with a safety orientation.
Beyond structural factors such as layout, workers' cognitive grasp of hazards—Safety Knowledge, defined as their understanding of workplace hazards, safety procedures, and the consequences of unsafe acts (Griffin & Neal, 2000; Neal & Griffin, 2006)—is also expected to matter. This understanding is presumed to underlie compliance with OHS procedures, although the extent to which it actually translates into field compliance requires further empirical scrutiny.
Prior studies have largely examined these determinants in isolation, and mostly through descriptive hazard identification rather than integrated quantitative testing (Novianti & Windriya, 2023; Ridwan et al., 2022). Research on SIO has concentrated on administrative and technical-competence aspects without linking ownership to accident counts or to other workplace-system factors (Pamungkas et al., 2026); research on Warehouse Layout has emphasized operational efficiency more than the worker-safety interaction (Kumar et al., 2021), a gap echoed in evidence that poorly organized layouts raise accident risk especially where safety facilities and worker awareness are inadequate (Karo & Hutagalung, 2025); and warehousing studies more broadly confirm persistently high risk in MHE use such as forklifts (Isabella et al., 2024).
A growing body of work suggests that safety is not produced directly by policy or working conditions alone, but through a process involving worker understanding and behavior. Umam and Faidal (2024) found that a safety climate fosters safe work behavior that, in turn, lowers accidents; Brondino et al. (2025) argue that compliance and safety motivation are ineffective without adequate knowledge, since knowledge links individual drive to actual safe behavior; and Rusdiana (2025) shows that OHS Procedure Compliance can act as a full mediator in improving safety performance, with safety knowledge underlying compliance with procedures, use of personal protective equipment, and safer work behavior. Even so, research that positions OHS Procedure Compliance as a mediating mechanism linking multiple safety-related factors to accidents remains limited, despite its role as the behavioral bridge through which competence, environment, and knowledge translate—or fail to translate—into safety outcomes (Brondino et al., 2025; Rusdiana, 2025).
This study addresses that gap by developing a model that simultaneously links Operator License, Warehouse Layout, and Safety Knowledge to the Number of Workplace Accidents through the mediation of OHS Procedure Compliance, grounded in Occupational Safety Management Theory (Reason, 1997). Where prior research—such as Lestari et al. (2023), who examined only the direct association between worker knowledge and OHS implementation—has not tested how OHS compliance bridges the influence of safety-related factors on accidents, the present study integrates competence, environment, and knowledge factors within a single safety model specific to warehouse operations. The novelty of this study lies in this integrative model, which is intended to enrich the academic literature on occupational safety and to give logistics companies and policymakers a practical basis for designing more targeted warehouse safety strategies.
Based on this background, the study addresses the following research questions:
1. Does SIO significantly affect OHS Procedure Compliance?
2. Does Warehouse Layout significantly affect OHS Procedure Compliance?
3. Does Safety Knowledge significantly affect OHS Procedure Compliance?
4. Does SIO significantly affect the Number of Workplace Accidents?
5. Does Warehouse Layout significantly affect the Number of Workplace Accidents?
6. Does Safety Knowledge significantly affect the Number of Workplace Accidents?
7. Does OHS Procedure Compliance mediate the effect of SIO on the Number of Workplace Accidents?
8. Does OHS Procedure Compliance mediate the effect of Warehouse Layout on the Number of Workplace Accidents?
9. Does OHS Procedure Compliance mediate the effect of Safety Knowledge on the Number of Workplace Accidents?
10. Do SIO, Warehouse Layout, Safety Knowledge, and OHS Procedure Compliance simultaneously affect the Number of Workplace Accidents?
METHODS
This study applies a quantitative explanatory approach to test causal relationships among variables within the safety-management context of warehouse logistics operations (Hasudungan & Yanti, 2023; Hilton et al., 2021). Operator License (SIO), Warehouse Layout, and Safety Knowledge are positioned as exogenous variables, OHS Procedure Compliance as the mediating variable, and the Number of Workplace Accidents as the endogenous variable. Data were analyzed using Partial Least Squares Structural Equation Modeling (PLS-SEM) via SmartPLS, chosen for its capacity to test complex structural models involving latent constructs, mediating relationships, and simultaneous relationship estimation.
Based on the phenomena, research gap, and novelty outlined above, this study develops the following conceptual framework.
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Figure 1. Conceptual Framework
Source: Researcher's elaboration (2026)
Information:
Direct effect: H1–H6; Mediated effect: H7–H9; Simultaneous effect: H10

Primary data were collected through an online questionnaire distributed to the entire identified population of 80 warehouse employees at PT X's Bandung and Cikarang sites, individuals with direct operational experience relevant to every study variable. The questionnaire used closed-ended items on a 5-point Likert scale (1 = strongly disagree to 5 = strongly agree) (Cooper & Schindler, 2019), with indicators developed from relevant prior literature covering SIO, Warehouse Layout, Safety Knowledge, and OHS Procedure Compliance. A saturated sampling technique was used, in which the entire population serves as the sample (Sugiyono, 2018), a choice appropriate given the relatively small population size. Of the 80 questionnaires distributed, 74 were completed in full, yielding a sample of 74 respondents and a 92.5 percent response rate, well above conventional thresholds and consistent with the principle of saturated sampling.
Instrument quality was assessed through the outer (measurement) model prior to structural (inner-model) analysis. Convergent validity was evaluated using outer loadings (ideal ≥ 0.708, acceptable ≥ 0.50) and Average Variance Extracted (AVE ≥ 0.50) (Hair et al., 2019, 2021). Discriminant validity was assessed via cross-loadings, the Fornell–Larcker criterion, and the Heterotrait–Monotrait ratio (HTMT < 0.85) (Chin, 1998; Henseler et al., 2015). Reliability was evaluated using Cronbach's Alpha, rho_A, and Composite Reliability, each with a recommended threshold above 0.70 (Cronbach, 1951; Hair et al., 2021).
The structural (inner) model was evaluated through the coefficient of determination (R²), effect size (f²), predictive relevance (Q²) obtained via the blindfolding procedure, and path-coefficient significance obtained via bootstrapping. A path was considered significant at a t-statistic above 1.96 or a p-value below 0.05 (Hair et al., 2021). R² values of ≥ 0.67, 0.33–0.67, and ≤ 0.19 were interpreted as strong, moderate, and weak, respectively (Chin, 1998), while f² values of 0.02, 0.15, and 0.35 were interpreted as small, medium, and large effects (Cohen, 1988).

RESULTS AND DISCUSSION
Result
Respondent Characteristics
The study sample consisted of 74 warehouse employees of PT X's Bandung and Cikarang sites, drawn from a total population of 80. Respondent characteristics by age, gender, tenure, and job position are presented in Table 1.

Table 1. Respondent Characteristics
	Characteristic
	Category
	n
	%

	Age
	20–25 years
	14
	18.9%

	
	26–30 years
	29
	39.2%

	
	31–35 years
	19
	25.7%

	
	> 35 years
	12
	16.2%

	
	Total
	74
	100%

	Gender
	Male
	73
	98.6%

	
	Female
	1
	1.4%

	
	Total
	74
	100%

	Tenure
	6 months–1 year
	18
	24.3%

	
	1–2 years
	14
	18.9%

	
	> 2 years
	42
	56.8%

	
	Total
	74
	100%

	Position
	Picker / Checker
	28
	37.8%

	
	Operator
	21
	28.4%

	
	Admin
	12
	16.2%

	
	Stock Control
	7
	9.5%

	
	WH Coordinator
	6
	8.1%

	
	Total
	74
	100%


Source: Researcher's elaboration (2026)

The majority of respondents were 26–30 years old (39.2%), male (98.6%), had worked for more than two years (56.8%), and were assigned to the Picker/Checker function (37.8%), indicating a reasonably experienced workforce well positioned to give an objective assessment of field-level safety conditions.

Measurement Model (Outer Model)
Convergent validity was assessed using outer loadings and Average Variance Extracted (AVE). Following Hair et al. (2019), an outer loading of ≥ 0.708 is ideal, while ≥ 0.50 remains acceptable. As shown in Table 2, all 34 indicators across the five constructs loaded above 0.70, ranging from 0.702 (a reverse-coded item of the Number of Workplace Accidents) to 0.903 (a Safety Knowledge item), confirming adequate convergent validity for every measurement item.




Table 2. Outer Loading
	Construct
	Indicator
	Outer Loading

	Y (Number of Workplace Accidents)
	JK1
	0.859

	
	JK2
	0.876

	
	JK3 (reverse)
	0.825

	
	JK4
	0.854

	
	JK5
	0.865

	
	JK6 (reverse)
	0.702

	M (OHS Procedure Compliance)
	KP1
	0.874

	
	KP2
	0.885

	
	KP3
	0.882

	
	KP4
	0.901

	
	KP5
	0.891

	
	KP6
	0.893

	X1 (SIO)
	SIO1
	0.844

	
	SIO2
	0.837

	
	SIO3
	0.830

	
	SIO4
	0.879

	
	SIO5
	0.863

	
	SIO6
	0.875

	
	SIO7
	0.867

	
	SIO8
	0.848

	X3 (Safety Knowledge)
	SK1
	0.773

	
	SK2
	0.810

	
	SK3
	0.895

	
	SK4
	0.796

	
	SK5
	0.903

	
	SK6
	0.839

	X2 (Warehouse Layout)
	TL1
	0.783

	
	TL2
	0.869

	
	TL3
	0.830

	
	TL4
	0.806

	
	TL5
	0.893

	
	TL6
	0.859

	
	TL7
	0.875

	
	TL8
	0.886


Source: Researcher's elaboration (2026)

Reliability was evaluated through Cronbach's Alpha, rho_A, and Composite Reliability, each ideally above 0.70, together with AVE above 0.50 (Hair et al., 2021). As shown in Table 3, Cronbach's Alpha ranged from 0.910 to 0.948, rho_A from 0.913 to 0.972, and Composite Reliability from 0.931 to 0.957, all well above the 0.70 threshold. AVE ranged from 0.693 to 0.788, all above 0.50, confirming that every construct met the criteria for reliability and convergent validity.


Table 3. Construct Reliability and Validity
	Construct
	Cronbach's Alpha
	rho_A
	Composite Reliability
	AVE

	M (OHS Procedure Compliance)
	0.946
	0.948
	0.957
	0.788

	X1 (SIO)
	0.948
	0.949
	0.956
	0.732

	X2 (Warehouse Layout)
	0.946
	0.954
	0.955
	0.724

	X3 (Safety Knowledge)
	0.920
	0.972
	0.933
	0.701

	Y (Number of Workplace Accidents)
	0.910
	0.913
	0.931
	0.693


Source: Researcher's elaboration (2026)

Discriminant validity was tested with the Fornell–Larcker criterion, cross-loadings, and the Heterotrait–Monotrait ratio (HTMT). As shown in Table 4, the square root of AVE for every construct (diagonal values, 0.832–0.888) exceeded its correlation with every other construct, satisfying the Fornell–Larcker criterion. Every indicator likewise loaded highest on its own construct rather than on any other, satisfying the cross-loading criterion. As shown in Table 5, HTMT values ranged from 0.072 to 0.846, all below the conservative 0.85 threshold recommended by Henseler et al. (2015), confirming adequate discriminant validity across all constructs.

Table 4. Fornell–Larcker Criterion
	
	M
	X1
	X2
	X3
	Y

	M (OHS Procedure Compliance)
	0.888
	
	
	
	

	X1 (SIO)
	0.504
	0.855
	
	
	

	X2 (Warehouse Layout)
	0.608
	0.517
	0.851
	
	

	X3 (Safety Knowledge)
	-0.060
	-0.034
	-0.078
	0.837
	

	Y (Number of Workplace Accidents)
	-0.791
	-0.595
	-0.579
	0.133
	0.832


Source: Researcher's elaboration (2026)

Table 5. Heterotrait–Monotrait Ratio (HTMT)
	
	M
	X1
	X2
	X3

	X1 (SIO)
	0.530
	
	
	

	X2 (Warehouse Layout)
	0.630
	0.555
	
	

	X3 (Safety Knowledge)
	0.072
	0.090
	0.125
	

	Y (Number of Workplace Accidents)
	0.846
	0.633
	0.612
	0.130


Source: Researcher's elaboration (2026)

Structural Model (Inner Model)
The structural model was tested using the coefficient of determination (R²), effect size (f²), predictive relevance (Q²), and bootstrapped path coefficients. As shown in Table 6, OHS Procedure Compliance obtained an R² of 0.420 (moderate), meaning SIO, Warehouse Layout, and Safety Knowledge jointly explain 42.0 percent of its variance, while the Number of Workplace Accidents obtained an R² of 0.687 (strong) following Chin's (1998) criteria, indicating that the full model explains 68.7 percent of the variance in workplace accidents.


Table 6. R-Square
	Variable
	R Square
	Adjusted R Square

	M (OHS Procedure Compliance)
	0.420
	0.395

	Y (Number of Workplace Accidents)
	0.687
	0.669


Source: Researcher's elaboration (2026)
Table 7 presents the effect-size (f²) results. For OHS Procedure Compliance, Warehouse Layout contributed the largest effect (0.282, medium-to-large), followed by SIO (0.085, small) and Safety Knowledge (0.0004, negligible). For the Number of Workplace Accidents, OHS Procedure Compliance contributed by far the largest effect (0.717, large), followed by SIO (0.128, small), Safety Knowledge (0.021, small), and Warehouse Layout (0.009, negligible). This pattern indicates that OHS Procedure Compliance is the most dominant predictor of the Number of Workplace Accidents in the model.

Table 7. f-Square (Effect Size)
	Predictor → Outcome
	M (Compliance)
	Y (Accidents)

	X1 (SIO)
	0.085
	0.128

	X2 (Warehouse Layout)
	0.282
	0.009

	X3 (Safety Knowledge)
	0.0004
	0.021

	M (OHS Procedure Compliance)
	—
	0.717


Source: Researcher's elaboration (2026)

Predictive relevance was assessed via the blindfolding procedure. As shown in Table 8, Q² for OHS Procedure Compliance was 0.315 (medium-to-large predictive relevance) and for the Number of Workplace Accidents was 0.445 (large predictive relevance), both above zero, confirming that the model predicts both endogenous variables well, with stronger predictive power for the Number of Workplace Accidents.

Table 8. Q-Square (Predictive Relevance)
	Variable
	SSO
	SSE
	Q² (= 1 − SSE/SSO)

	M (OHS Procedure Compliance)
	444.000
	303.961
	0.315

	Y (Number of Workplace Accidents)
	444.000
	246.394
	0.445


Source: Researcher's elaboration (2026)

Path-coefficient significance was tested via bootstrapping, with a path considered significant at t > 1.96 or p < 0.05 (Hair et al., 2021). Specific indirect effects were tested to evaluate the mediating role of OHS Procedure Compliance. The complete results, consolidated with the ten research hypotheses, are presented in Table 9 and in Figure 2.
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Source: SmartPLS Output 3 (2026).
Figure 2. Structural Model (Bootstrapping Results)

Table 9. Summary of Hypothesis Testing Results
	Hyp.
	Path
	β (O)
	T-stat.
	p-value
	Decision

	H1
	SIO → Compliance
	0.259
	1.828
	0.068
	Not supported

	H2
	Warehouse Layout → Compliance
	0.473
	3.878
	0.000
	Supported

	H3
	Safety Knowledge → Compliance
	-0.015
	0.126
	0.900
	Not supported

	H4
	SIO → Accidents
	-0.244
	2.881
	0.004
	Supported

	H5
	Warehouse Layout → Accidents
	-0.068
	0.521
	0.603
	Not supported

	H6
	Safety Knowledge → Accidents
	0.082
	1.144
	0.253
	Not supported

	H7
	SIO → Compliance → Accidents
	-0.161
	1.608
	0.109
	Not supported

	H8
	Warehouse Layout → Compliance → Accidents
	-0.294
	2.914
	0.004
	Supported

	H9
	Safety Knowledge → Compliance → Accidents
	0.009
	0.120
	0.905
	Not supported

	H10
	SIO, Layout, Knowledge, Compliance → Accidents (simultaneous)
	R² = 0.687
	—
	—
	Supported


Source: Researcher's elaboration based on SmartPLS bootstrapping output (2026).

Overall, four hypotheses were supported (H2, H4, H8, H10) and six were not supported (H1, H3, H5, H6, H7, H9). OHS Procedure Compliance and SIO emerged as the most dominant direct predictors of the Number of Workplace Accidents, while Warehouse Layout contributed significantly only through the mediation of OHS Procedure Compliance.

Discussion
This section interprets the hypothesis-testing results in relation to Occupational Safety Management Theory (Reason, 1997) as the study's grand theory, and situates the findings within prior empirical research.
1. Effect of SIO on OHS Procedure Compliance
SIO did not significantly affect OHS Procedure Compliance (β = 0.259; T = 1.828; p = 0.068), so H1 is not supported, although the p-value sits close to the 0.05 threshold. The positive coefficient hints that more appropriate SIO ownership tends to accompany higher compliance, but the tendency is not strong enough statistically in this sample. SIO ownership reflects technical competence in operating equipment but does not by itself guarantee sustained compliance with broader safety procedures, which is also shaped by supervision and organizational safety culture.
2. Effect of Warehouse Layout on OHS Procedure Compliance
Warehouse Layout had a significant positive effect on OHS Procedure Compliance (β = 0.473; T = 3.878; p = 0.000), so H2 is supported. A well-organized physical layout—covering material-movement routes, storage placement, safety signage, and operator working space—makes it easier for workers to comply consistently with safety procedures. An orderly work environment reduces physical obstacles that could otherwise prompt procedural shortcuts, consistent with the view that environmental design is a key determinant of safety behavior (Neal & Griffin, 2006). Warehouse Layout proved to be the strongest predictor of OHS Procedure Compliance in this model, supported by an f-square of 0.282 (medium-to-large effect).
3. Effect of Safety Knowledge on OHS Procedure Compliance
Safety Knowledge did not significantly affect OHS Procedure Compliance (β = -0.015; T = 0.126; p = 0.900), so H3 is not supported. This is one of the study's key findings, as it contradicts the basic premise of Griffin and Neal (2000) that safety knowledge is an antecedent of safety compliance. The result suggests that workers' understanding of hazards, standard operating procedures, and safety culture does not automatically translate into compliant behavior in daily practice. This knowledge–behavior gap is consistent with the concept of “false compliance” proposed by Szymonik (2023), in which actual compliance is shaped more by external factors such as supervision and organizational pressure than by workers' internal understanding.
4. Effect of SIO on the Number of Workplace Accidents
SIO had a significant negative effect on the Number of Workplace Accidents (β = -0.244; T = 2.881; p = 0.004), so H4 is supported. This indicates that better alignment between SIO ownership and the type of equipment operated is associated with fewer workplace accidents, confirming that operator technical competence plays a direct role in accident prevention independent of any mediating mechanism in the model.
5. Effect of Warehouse Layout on the Number of Workplace Accidents
Warehouse Layout did not significantly affect the Number of Workplace Accidents directly (β = -0.068; T = 0.521; p = 0.603), so H5 is not supported; its f-square on Y was likewise negligible (0.009). This indicates that Warehouse Layout does not reduce accidents directly but works entirely through strengthened OHS Procedure Compliance, as confirmed by the significant mediation result for H8.
6. Effect of Safety Knowledge on the Number of Workplace Accidents
Safety Knowledge did not significantly affect the Number of Workplace Accidents (β = 0.082; T = 1.144; p = 0.253), so H6 is not supported. Combined with the rejection of H3, this shows that Safety Knowledge has no proven effect on the Number of Workplace Accidents, whether directly or through OHS Procedure Compliance, indicating that safety understanding alone is not the dominant lever for reducing accidents in this context and needs to be paired with behavior-reinforcing mechanisms such as supervision, rule enforcement, and physical-environment design.
7. Mediating Role of OHS Procedure Compliance in the Effect of SIO on Accidents
The specific indirect effect shows that OHS Procedure Compliance does not mediate the effect of SIO on the Number of Workplace Accidents (β = -0.161; T = 1.608; p = 0.109), so H7 is not supported, consistent with the rejection of H1. The effect of SIO on accidents (H4) therefore operates purely directly, reflecting that operator technical competence contributes to safety outcomes without first strengthening procedural compliance.
8. Mediating Role of OHS Procedure Compliance in the Effect of Warehouse Layout on Accidents
OHS Procedure Compliance significantly mediates the effect of Warehouse Layout on the Number of Workplace Accidents (β = -0.294; T = 2.914; p = 0.004), so H8 is supported. This is among the study's most important findings: Warehouse Layout has no direct effect on accidents (H5 not supported) but exerts a fully mediated effect through improved OHS Procedure Compliance. In other words, a well-designed physical layout reduces accidents by encouraging workers to comply more consistently with safety procedures, rather than through any other direct mechanism.
9. Mediating Role of OHS Procedure Compliance in the Effect of Safety Knowledge on Accidents
OHS Procedure Compliance does not mediate the effect of Safety Knowledge on the Number of Workplace Accidents (β = 0.009; T = 0.120; p = 0.905), so H9 is not supported, consistent with the rejection of H3 and H6. Together these results confirm that Safety Knowledge has no proven role, whether direct or indirect, in the Number of Workplace Accidents in this model: the assumption that greater safety understanding directly drives compliance is not empirically confirmed among warehouse workers of PT X at its Bandung and Cikarang sites.
10. Simultaneous Effect of SIO, Warehouse Layout, and Safety Knowledge on Accidents through OHS Procedure Compliance
SIO, Warehouse Layout, Safety Knowledge, and OHS Procedure Compliance jointly affect the Number of Workplace Accidents, with an R-square of 0.687 (strong, following Chin's 1998 criteria), so H10 is supported. This is reinforced by a Q-square of 0.445 (large predictive relevance), indicating that the model both explains and predicts the Number of Workplace Accidents well. The contribution of the four variables is, however, uneven: OHS Procedure Compliance and SIO are the main direct contributors, Warehouse Layout contributes significantly but entirely through mediation, while Safety Knowledge shows no significant contribution on any path in the model.
Taken together, these findings reveal the study's central novelty: OHS Procedure Compliance functions as a full mediator only for the structural pathway (Warehouse Layout), not for the competence pathway (SIO, which acts directly) or the cognitive pathway (Safety Knowledge, which shows no effect on any path). This differentiated pattern indicates that, within the context of warehouse operations, safety compliance is shaped predominantly by structural conditions and technical competence rather than by workers' cognitive understanding of safety, refining the Occupational Safety Management Theory framework (Reason, 1997) for the specific context of warehouse logistics operations.

[bookmark: _heading=h.1fob9te]CONCLUSIONS AND RECOMMENDATIONS
Conclusion
This study set out to analyze the effect of SIO, Warehouse Layout, and Safety Knowledge on the Number of Workplace Accidents, both directly and through the mediation of OHS Procedure Compliance, among warehouse workers of PT X at its Bandung and Cikarang sites. Warehouse Layout significantly improves OHS Procedure Compliance, while SIO and Safety Knowledge do not, even though the SIO path approaches the significance threshold. SIO has a direct, significant, negative effect on the Number of Workplace Accidents, whereas Warehouse Layout and Safety Knowledge show no significant direct effect. OHS Procedure Compliance does not mediate the effect of SIO or Safety Knowledge on accidents, but it fully mediates the effect of Warehouse Layout, the only one of the three specific indirect paths found to be significant. The four variables jointly explain 68.7 percent of the variance in the Number of Workplace Accidents, a strong level of explanatory power. Overall, OHS Procedure Compliance and SIO stand out as the most dominant direct predictors of workplace accidents, Warehouse Layout contributes significantly but entirely through the mediation of compliance, and Safety Knowledge is not confirmed to matter through either the direct or the mediated path. These results indicate that, in the context of PT X's warehouse workers at its Bandung and Cikarang sites, compliance with OHS procedures is shaped more by the physical work environment and technical competence than by workers' cognitive understanding of safety.

Limitations 
This study has several limitations. First, it was conducted only at a specific object and during a particular period, so the findings cannot yet be generalized across all warehousing operations or regions. Second, the study relied on a limited set of variables, while other factors may also shape OHS Procedure Compliance and workplace accidents. Third, the cross-sectional questionnaire design captures perceptions at a single point in time and does not capture how safety behavior and understanding evolve over a longer period. The findings should therefore be interpreted within the scope of this study's object and time frame.

Recommendations
For warehouse logistics management, two priorities emerge from these findings. First, strengthening the physical Warehouse Layout—material-movement routes, storage placement, safety signage, and operator working space—is warranted, since this factor is the strongest driver of OHS Procedure Compliance, which in turn significantly reduces the Number of Workplace Accidents. Second, ensuring that every Material Handling Equipment operator holds a valid and appropriate SIO remains important, given its proven direct effect in reducing accidents. Companies are advised not to rely on Safety Knowledge improvement programs alone as the primary accident-prevention strategy, since this study found no evidence that workers' safety understanding affects either compliance or accidents; such programs would likely be more effective if integrated with stronger direct supervision, rule enforcement, and physical work-environment improvement.
For future research, scholars are encouraged to explore other constructs that may act as stronger mediators between cognitive and behavioral safety factors, such as safety supervision, organizational safety climate, or safety motivation, given that OHS Procedure Compliance did not mediate two of the three exogenous paths tested here. Formal model-comparison procedures, for instance through information criteria or PLSpredict, could help determine which structural specification generalizes and predicts best. Broadening the respondent base across additional warehouse sites would improve generalizability, and a longitudinal design would help capture how safety behavior and knowledge change over time.
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