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This study investigates the relationships between key organizational dimensions contributing to operational excellence and workplace safety performance. The analysis evaluates six perspectives (ergonomics, safety participation, safety compliance, lean thinking, environmental sustainability, and people excellence) through a set of 82-item embodied in a questionnaire structured with close-ended questions. The survey was administered online and distributed to 450 employees working in Italian manufacturing industries. After some descriptive analysis, intended to provide an overview of the respondents’ characteristics, a correlation analysis is conducted to explore internal relationships among the six perspectives. Then, a structural equation model is built, to tentatively predict a company’s performance against safety-related dimensions based on the remaining organizational perspectives. Outcomes highlight a network of significant and meaningful interconnections among the six perspectives, as well as a good fit of the structural equation model; these results pave the way to develop integrated safety models based on operational excellence. 
Introduction
Across industries and around the globe, today’s organizations work under constant pressure to optimize business performance. With the dynamic nature of the marketplace and the level of complexity, this represents an ongoing journey, requiring a focus on the fundamentals of operational excellence (OE) (Wahab, 2022). OE can be defined in several ways, i.e. “gaining competitive advantage through greater efficiency in management and production systems”, “a strategy for improving organizational efficiency to peak levels”, “an active effort for eliminating process waste”, “lean thinking” and “safety, quality, delivery, cost and morale” (La Duke, 2008). OE practices have been more and more used by different organizations around the world, given their strategic role in improving business performance (Alguirat et al., 2024).
Lean production is a cornerstone of OE (Gauss et al., 2026) and lean management is known for its effective contribution to improving companies’ operational performance, regardless of the industry in which these methods are used (El Affaki et al., 2025). Concerns for safety and health are typically integrated into production systems, to promote quality and enhance productivity. Accidents would severely disrupt production and therefore, they must be avoided at all costs. Individual workers and line managers take primary responsibility for ensuring that the workplace is safe and healthy (Hansen, 2005). Traditionally, organizations have developed and implemented formal safety programs and systems to ensure workers’ safety (Uttam et al., 2025). Achieving optimal safety necessitates a systematic evaluation of all operational aspects to identify potential risks and ensure their effective mitigation (Adekitan, 2020).
In line with the previous definition, OE pertains primarily to “occupational” safety, in terms of workers’ protection from hazards, rather than to “process” safety, intended as the prevention of major accidents, such as uncontrolled releases of hazardous substances or catastrophic failures in high-risk industrial facilities (Pasman et al., 2009). However, the two domains are not independent (Stefana & Paltrinieri, 2020): organizational practices underpinning OE (e.g., lean thinking, procedural compliance, and people-centred management) have been increasingly recognised as key enablers of effective process safety management systems in process industries. Organisations that embed safety into their operational culture and management routines tend to demonstrate stronger performance across both occupational and process safety dimensions (Hopkins, 2009). 
Gathering the considerations above, a relationship between organizational dimensions, overall contributing to OE, and the corresponding occupational safety level of a company can be conjectured. The presence and extent of this kind of relationship are investigated in the present study, whose key question is: “Is operational excellence related to safety performance?”. To answer this question, an empirical analysis exploiting an 82-item questionnaire survey was conducted out on a sample of 450 employees working in manufacturing companies in Italy; the survey explored six dimensions overall, related to both OE and safety.
The remainder of the paper is organized as follows. In the next section, materials and method are detailed. Results of the empirical investigation are proposed in Section 3. Concluding remarks and future research directions are finally presented.
Materials and methods
An ad hoc questionnaire was designed to collect data useful to test the presence of correlations between the company’s safety level and the implementation of OE practices. A web version of the questionnaire was prepared, to facilitate dissemination and filling, as well as collection of the responses. A preliminary version was pre-tested on a sample of 15 manufacturing companies known to the University of Parma because of past research collaborations. These companies were contacted by e-mail and 11 of them answered the whole questionnaire comprehensively, suggesting that, in general, the questions were sufficiently easy to understand; nonetheless, on the basis of the responses from the remaining 4 companies, some parts of the questionnaire were reworded to improve their clarity. Then, the questionnaire, in its final form, was sent by e-mail to approximately 2,000 companies, taken randomly from available industrial databases (e.g., the Kompass database - www.kompass.com; Icribis - www.Icribis.com; and EuroPages - www.EuroPages.it), looking at manufacturing companies located in Italy. A usable set of 450 responses were obtained; this was considered adequate for the present study as the size is above the recommended value of five times the number of items included in a questionnaire and thus is large enough to ensure statistical significance of the analyses made (Malhotra and Grover, 1998). The data collection lasted approximately from October 2025 to the beginning of December 2025.
According to the research question of this study, the questionnaire aims at assessing the presence of relationships between the company’s safety level and the implementation of OE practices. To achieve this aim, the questionnaire is organized into 6 sections:
[bookmark: _Hlk219465769]Safety compliance – it includes 10 items relating to investigate the continuous process of meeting regulations, to guarantee the occupational health and safety of employees, reduce hazards and risks at the workplace (Adekitan, 2020);
· Safety participation – it consists of 10 items dealing with employees actively engaging in actions that enhance workplace safety (Taube and Gardner, 2022);
Lean thinking – it consists of 18 items focusing on the implementation of lean strategies and lean management pillars (Nolan-McSweeney et al., 2023);
· Environmental sustainability – it investigates the presence of corporate strategies intended to reduce emissions and waste, and includes 8 items (Dornfeld et al., 2021);
People excellence - it consists of 18 items related to an organizational culture in which employees are empowered, engaged, and continuously encouraged to develop their full potential (Zhu et al., 2023);
· Ergonomics – it includes 18 items relating to the efficiency and comfort in the working environment (Nastasi et al., 2023).
Likert scales, i.e. psychometric scales commonly involved in research that employs questionnaires (Boone & Boone, 2012), were used to rate the responses provided. All questions were close-ended, and specifically, the respondents were asked to provide their level of agreement to a set of statements on a 5-point scale, ranging from 1 (“fully disagree”) to 5 (“fully agree”). Each of the 82 items of the questionnaire was intentionally assigned to one of the six perspectives under investigation; related validity of the content was supported by a preliminary reliability analysis with Cronbach’s alpha, which confirmed the internal consistency of all perspectives ( values from 0.717 to 0.878), as well as of the whole set of responses (=0.945). 
The analysis performed on the data collected consists of three main steps. First, descriptive statistics were derived from (general) questions of the questionnaire and were used to provide an overview of the sample of respondents, in terms of age, nationality, gender and seniority; these analyses were made using Microsoft ExcelTM and outcomes are presented in Section 3.1. The second step was a correlation analysis among the six perspectives investigated in the questionnaire, based on the computation of the Pearson’s correlation coefficient r as a measure of the strength of a linear relationship between two variables. It is commonly acknowledged that a correlation coefficient lower than 0.4 denotes low/very low correlation (weak relationship); values around 0.5 suggest a good correlation, while values greater than 0.6 denote high/very high correlation (strong relationship). Correlation analysis was supported by Statistical Package for the Social Science (SPSS) release 29 for Windows; for the sake of completeness, the full set correlations is presented, while for the sake of brevity, detailed interpretation is offered for the results of high/very high correlations only, while avoiding comments on the remaining relationships. Relating outcomes are detailed in Section 3.2. As a final step, a structural equation modelling (SEM) analysis was conducted following standard procedures (Kline, 2016), taking the safety-related dimensions (Safety participation and Safety compliance) as endogenous variables conceptualized as outcomes influenced by the remaining organizational perspectives. Jamovi software package (https://www.jamovi.org) was used to develop the SEM analysis and derive the model fit indexes; outcomes are detailed in Section 3.3.
Results and discussion
3.1 Descriptive statistics
The results of a set of descriptive statistics, made on the demographic characteristics of the respondents, are shown in Table 1. As far as the age, 9.78% of respondents (44) are aged between 18 and 25, more than half (52.22%) are aged between 25 and 40, and 38% (171) say they are over 40. Looking at the nationality, 72.67% (327) of the respondents are Italian, while the remaining 27.33% are non-Italian. Out of 450 respondents, 416 were males (92.44%) and only 34 (7.56%) were female. Finally, with regard to the respondents' seniority, 65.56% (295 workers) have between 5 and 20 years of work experience within the company in which they currently work, while 30.89% (139) have less than 5 years of experience; a small quota of 3.56% (16 workers) say they have been working in the company for more than 20 years.
Table 1: Results of the descriptive statistics
	AGE [years]
	#
	%

	18-25
	44
	9.8

	25-40
	235
	52.2

	>40
	171
	38.0

	NATIONALITY
	#
	%

	Italian
	327
	72.7

	Non-Italian
	123
	27.3

	GENDER
	#
	%

	Female
	34
	7.6

	Male
	416
	92.4

	SENIORITY [years]
	#
	%

	<5
	139
	30.9

	5-20
	295
	65.6

	>20
	16
	3.5



3.2 Correlation analysis
The strength of the correlations between the various prospectives examined in this study is shown in Table 2, in the form of correlation coefficients r. All correlations are statistically significant (p<0.01), which suggests a strong level of evidence of the relationships, and ultimately indicates that observed association between the variables is unlikely to be due to random chance.
Table 2: Results of the correlations analysis (all correlations are significant at p<0.01)
	
	Ergonomics
	Safety participation
	Lean thinking
	Safety compliance
	Environmental sustainability
	People excellence

	Ergonomics
	1.000
	0.355
	0.469
	0.523
	0.370
	0.498

	Safety participation
	
	
	0.663
	0.593
	0.696
	0.594

	Lean thinking
	
	
	
	0.703
	0.676
	0.736

	Safety compliance
	
	
	
	
	0.608
	0.558

	Environmental sustainability
	
	
	
	
	
	0.595

	People excellence
	
	
	
	
	
	


Looking at the strong/very strong relationships (r≥0.6), from Table 2 it is evident that high performance in Safety compliance and Safety participation tend to coexist with strong lean practices; People excellence and Ergonomics show close alignment with both safety and Environmental sustainability, and this latter emerges as a transversal dimension linked to a wide set of perspectives. A very strong correlation (r=0.736) is observed between People excellence and Lean thinking. This result is consistent with the literature, which has suggested lean management as a foundational pillar of OE, strongly grounded in people-oriented practices. Lean systems rely on employee empowerment, skills development, leadership, and organizational culture to sustain continuous improvement. Accordingly, People excellence emerges as a key enabling condition for the effective adoption and long-term sustainability of Lean thinking, in line with prior empirical evidence highlighting the critical role of soft lean practices (Bortolotti et al., 2015). Both People excellence and Lean thinking also aim to enhance business performance, increase customer value, and reduce waste. In this respect, the results in Table 2 reveal a strong correlation between Lean thinking and Safety compliance (r=0.703); this confirm that lean and safety management are not separate initiatives but rather, they are mutually reinforcing. Lean principles, such as waste reduction, process efficiency, and continuous improvement, naturally support adherence to safety protocols. In line with prior research, integrating lean and safety practices fosters a proactive safety culture in which safety is embedded within operational processes, rather than treated as an ancillary or reactive measure (Hasle et al., 2012). The evidence suggests that organizations pursuing OE should consider lean and safety initiatives as intertwined, with employee engagement and process standardization acting as key enablers. Further high correlations are observed between Environmental sustainability and three perspectives, namely Safety participation (r=0.696), Lean thinking (r=0.676) and Safety compliance (r=0.608), respectively. This set of strong correlations suggests that sustainability is deeply embedded within broader OE practices rather than being pursued as an isolated objective. This evidence aligns with prior studies highlighting how lean thinking, through waste reduction, process standardization, and continuous improvement, can simultaneously enhance safety performance and environmental outcomes (Hajmohammad et al., 2013). Another strong correlation is observed between Lean thinking and Safety participation (r=0.663), which reinforces the role of employee involvement as a key enabling factor for both safe working behaviors and continuous improvement initiatives. In this perspective, environmental sustainability emerges as a transversal organizational dimension, coherently integrated with operational and safety-oriented practices, as also suggested in the operations and sustainability literature (Pagell & Gobeli, 2009). In summary, within the lean philosophy, expenditures of time and financial resources associated with accidents and workers’ compensation are classified as waste and should therefore be avoided. Consequently, both lean and safety initiatives share the common objective of reducing accidents and minimizing workplace hazards (Cudney et al., 2015).
3.3 Structural equation model 
Outcomes of the SEM analysis are summarized in Table 3 and Figure 1. The results indicate an overall satisfactory fit to the data (CFI=0.947; IFI=0.947; NFI=0.943), despite the sensitivity of the chi-square statistic to sample size. Absolute and residual-based indices are satisfactory too: the standardized root mean square residual (SRMR=0.037) indicates an excellent fit between the observed and estimated covariance matrices. Although the root mean square error of approximation is relatively high (RMSEA=0.161, with 95% confidence interval [0.132–0.192]), this result should be interpreted with caution given the low degrees of freedom of the model, as this index is sensitive and potentially inflated in case of small degrees of freedom (Kline, 2016). Overall, the model provides an acceptable representation of the relationships among the constructs, and specifically, it confirms that the organizational dimensions included in the analysis act as significant predictors of safety-related outcomes. Both Safety compliance and Safety participation turn out to be influenced by multiple perspectives associated with OE, supporting the conceptualization of safety as an outcome embedded within broader organizational and managerial practices.
Although these outcomes primarily concern occupational safety, implications for process safety management can be derived, as in process industries (chemical, petrochemical, and other Seveso-regulated contexts – Carra et al., 2024) process safety performance is increasingly recognised as dependent not only on technical safeguards but also on organisational and human factors (Pasman et al., 2009). The strong associations identified in this study between lean thinking, safety compliance, and people excellence suggest that organisations with higher OE maturity are better positioned to implement and sustain effective process safety management systems. In particular, the lean-safety nexus identified here — whereby process standardisation, waste reduction, and continuous improvement reinforce adherence to safety protocols — is directly applicable to process safety contexts, where procedural discipline and deviation management are critical to major accident prevention (Hopkins, 2009). Similarly, the role of people excellence in driving safety participation suggests that human-centred management practices are a key enabler of process safety culture, consistent with findings from high-reliability organisation research.
Table 3: SEM analysis – model test and main fit indexes
	Model test
	X²
	Df
	P

	User model
	88.9
	7
	<.001

	Baseline model
	1547.0
	15
	<.001

	Fit indexes
	SRMR
	RMSEA
	RMSEA p

	
	0.037
	0.161
	<0.001

	User model vs. baseline model
	CFI
	IFI
	NFI

	
	0.947
	0.947
	0.943
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Figure 1: SEM model – path diagram.
Conclusions
Based on a structured survey, this paper has investigated the relationship between some organizational dimensions and the safety performance at the workplace. The outcomes highlight strong correlations between People excellence and Lean thinking and between Safety compliance and Lean thinking. These relationships suggest that OE can be pursued not only to optimize process management, but also to actively enhance workplace safety. This view is further supported by the strong association observed between Lean thinking and Safety participation, which again suggests that effective lean implementation inherently fosters a proactive safety culture in which employee engagement and continuous improvement are mutually reinforcing. These findings underscore the importance of integrating people, process, and safety dimensions to achieve a truly comprehensive OE strategy. The SEM analysis offers further insights on the interdependencies among the constructs, and specifically, it reinforces the view that people-, process-, and organization-oriented dimensions jointly contribute to workplace safety.
Taken together, the findings of this study clearly indicate that OE is not the outcome of isolated practices but rather the result of synergistic interactions across multiple organizational dimensions, including safety. From a practical perspective, the study offers actionable insights for companies aiming to strengthen their continuous improvement programs, emphasizing the importance of integrated approaches that simultaneously address safety, efficiency, employee development, sustainability, and workplace design. These considerations also pave the way to develop integrated safety models based on OE. Although the primary focus of this study is on occupational safety, the findings are potentially relevant to process safety engineering, since the OE practices investigated here are recognized in the process safety literature as enablers of effective process safety management systems. Hence, this study offers insights that are potentially relevant to process safety management as well, particularly in manufacturing contexts where process and occupational risks coexist. Future research could explicitly extend this framework to Seveso-regulated establishments and other high-hazard process industries, testing whether the relationships identified here hold in contexts where the consequences of safety failures are catastrophic rather than merely occupational.
From a scientific point of view, some limitations of the analyses made should be mentioned. In terms of industry field, the analysis is limited to the manufacturing sector, but obviously, the level of risk can vary across different industrial environments and can also depend on the specific segment withing the same industrial sector; safety-related perspectives are therefore expected to be different too. More specific outcomes could be obtained by analysing market segments instead of the overall manufacturing sector, while more general outcomes could be derived if adding further industrial sectors to the analysis; these aspects are left for future studies.
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