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Abstract

:

The construction industry is known for its disappointing safety performance. Therefore, rethinking current safety management frameworks is crucial. This study assesses a newly proposed construction safety culture and climate framework that aims to overcome the present ambiguity in the definitions and measurement of construction safety culture and construction safety climate. The goal is to provide a practical construction safety culture and safety climate framework that fits the construction industry’s needs. A survey was designed to validate the proposed framework and assess its influence on safety behavior and safety motivation. The survey was completed by 275 construction practitioners. The findings suggest that the construction safety culture initiates and maintains the construction safety climate. Similarly, the construction safety culture, which is represented by the actions of upper management and safety personnel, significantly contributes to higher levels of safety behavior and safety motivation, whereas the construction safety climate does not. Accordingly, this study highlights the importance of the construction safety culture’s influence on overall workplace culture. This study’s contribution to the body of knowledge is critical to improving construction workplaces’ overall safety performance. The findings can be strategically used by construction firms to address the construction industry’s higher rates of fatal and nonfatal injuries. Finally, the results obtained support the newly proposed framework of construction safety culture and climate, which, in turn, helps the industry better manage overall site safety.
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1. Introduction


There is a significant opportunity to improve safety and health management in the construction industry. The construction industry has been recognized as the most hazardous industry [1]. The United States construction industry accounts for one in five fatalities, whereas the industry only accounts for roughly 4% of the United States workforce [2,3]. Figure 1 illustrates the construction share of fatalities and workforce presence between 2010 and 2018 and displays the disproportion between them [4,5]. The rate of nonfatal injuries in the construction industry was 71% higher than that for all industries as a whole [1]. Overall, the construction industry continues to experience a disproportionate share of work-related injuries and illnesses despite efforts to reduce fatal and nonfatal occupational injuries [6]. As a result, the construction industry significantly contributes to work-related injuries and fatalities [7]. Construction safety is a challenge due to the industry’s complex nature [8]. Thus, safety is a significant concern since it is a source of considerable direct and consequential costs and reputation damage.



Safety researchers have suggested using safety culture and safety climate to improve overall occupational safety and health. The construction industry has realized the importance of safety culture and climate in reducing fatalities and injuries [9,10]. Safety culture and climate have been categorized as leading indicators that help identify opportunities to improve safety management practices [2,7]. Unfortunately, construction safety culture and climate have not been fully utilized due to a lack of clarity as well as significant confusion over definitions and measurements [11]. Specifically, the following challenges hinder the construction industry from fully utilizing safety culture and climate:




	
The lack of consistency in proposed definitions and measurements of construction safety culture and construction safety climate leads to the use of the terms interchangeably [2,12,13];



	
The construction industry has adopted safety culture and climate metrics that have not been validated within the construction context [13];



	
The supporting evidence for the relationship between safety culture and climate and safety performance in the construction industry suggests inconsistency [14];



	
Most of the current models and measurements do not capture the uniqueness of the construction industry [7]. For example, one of the industry’s unique characteristics is that the upper management and safety personnel often oversee multiple projects that are geographically dispersed [2]. Similarly, subcontractors with different safety policies and standards are often engaged in one project [15].








It is crucial to rethink the traditional practices of safety management [16]. The construction industry is still exploring and developing better strategies to fully utilize safety culture and safety climate. Recently, a new framework that aims to provide a clear, user-friendly safety culture and climate has been suggested by Al-Bayati et al. [2]. The framework has been proposed to overcome the current challenges of safety culture and climate frameworks, and it has been tailored to the construction industry. The following steps have been followed to create the construction safety culture and climate framework by Al-Bayati et al. [2]:




	
Propose practical, distinguishable definitions for construction safety culture and construction safety climate based on previously published articles (e.g., Petitta et al. [12], Casey et al. [17], and Mohamed [18]) to overcome the interchangeable use of the terms “safety culture” and “safety climate” within the construction context. Accordingly, Al-Bayati et al. [2] suggest that:




	
The construction safety culture represents the policies and principles that guide safety decision making;



	
The construction safety climate represents the manifestation of these principles and policies within construction workplaces.








	
Identify the individuals responsible for creating and sustaining the proposed measurements. As a result, upper management and safety personnel have been recognized as responsible for the construction safety culture through the actions presented in Appendix A. On the other hand, frontline supervisors and workers have been recognized as responsible for the construction safety climate through the actions shown in Appendix A. This step aims to create distinguishable measurements for the construction safety culture and construction safety climate framework. This is vital to address and capture the uniqueness of the construction industry, in which construction firms often have centralized policies and principles (i.e., safety cultures) and decentralized workplaces (i.e., safety climates), as suggested by Sørensen et al. [19].








Overall, the new framework, unlike earlier ones, focuses on the measurable, observable actions of construction firms’ stakeholders (i.e., upper management, frontline supervisors, workers, and safety personnel). Therefore, this framework is a more practical, user-friendly framework than other construction safety culture or construction safety climate frameworks, which mainly focus on safety performance values reflected in general statements. In addition, this framework provides different definitions and measurements that address the unique nature of construction firms, in which upper management and safety personnel often oversee multiple construction sites, each with their own unique climate based on the safety actions of frontline supervisors and workers. However, more robust quantitative evidence of the new framework’s benefits is needed, and this study aims to provide it.




2. Study Objectives, Hypotheses, and Measures


This study adopts the construction safety culture and climate framework proposed by Al-Bayati et al. [2]. One of this study’s objectives is to further validate the framework. Al-Bayati et al. [2] used EMR to validate the proposed framework. However, a recent study suggested that the experience modification rate (EMR) is not a reliable safety performance measurement [20]. EMR is a lagging indicator, which means an establishment’s current policies and actions cannot be captured by reviewing its EMR. Thus, this study aims to validate the framework with better safety performance measurements. Specifically, it investigates the impact of the framework on safety behavior and safety motivation. As a result, Neal and Griffin’s measurements [21] to assess safety behavior and safety motivation were adopted. Over the years, many researchers have adopted Neal and Griffin’s measurements [21], such as He et al. [22], Yu et al. [23], and Seo et al. [24]. Appendix B shows the items that will be used to measure safety behavior and safety motivation.



According to Neal and Griffin [21], safety behavior consists of (1) safety compliance, which refers to the activities that firms’ members carry out to maintain workplace safety, and (2) safety participation, which refers to the actions that firms’ members often perform to develop a safe environment. Superior safety behavior is a direct result of effective safety education and enforcement efforts. Education and enforcement are often initiated by safety personnel and funded by upper management. In addition, superior field safety behavior will not be achieved without cooperation from workers and frontline supervisors. Thus, safety behavior is a sufficient metric to validate and further understand the impact of the proposed construction safety culture and climate framework.



On the other hand, safety motivation refers to firm members’ willingness to provide higher safety performance [25]. Safety motivation includes penalties, peer pressure, and incentive programs [26,27]. Workers and supervisors who are not motivated tend to disobey safety regulations and neglect hazards [28].



Study Hypotheses and Measures


A significant proportion of the construction safety climate is explained by the construction safety culture [2]. This study aims to understand how construction safety culture directly and indirectly (i.e., through the construction safety climate) influences safety behavior and safety motivation. Accordingly, the current study focused on testing the following hypotheses:



Hypothesis 1 (H1).

Construction safety culture (MS) is directly linked to safety behavior (SB), such that a positive safety culture will be associated with superior safety behavior levels. In addition, construction safety culture is indirectly linked to safety behavior through construction safety climate (SS), such that a positive safety culture will result in a positive construction safety climate, which, in turn, improves overall safety behavior (see Figure 2).





Hypothesis 2 (H2).

Construction safety culture (MS) is directly linked to safety motivation, such that a positive safety culture will be associated with a superior safety motivation (SM) level. In addition, construction safety culture is indirectly linked to safety motivation through construction safety climate (SS), such that a positive safety culture will result in a positive construction safety climate, which, in turn, improves overall safety motivation (see Figure 3).





In these two models, SS will mediate the effect of MS on SB and SM. The mediation is ultimately a causal explanation that assumes SS is causally located between MS, on the one side, and SB and SM, on the other side. The actual commitment of upper management and the safety personnel’s competency (i.e., MS) is the only way to achieve higher safety performance levels in the field (i.e., safety climate). Based on Figure 2 and Figure 3, c’ and c2′ estimate the direct effect of MS on SB and SM, respectively. The value of a quantifies how much two cases that differ by one unit on MS are estimated to differ on SS, while b and b2 quantify how much two cases that differ by one unit on SS but that are equal on MS are estimated to differ by b unit on SB and b2 unit on SM. The indirect effect of MS on SB through SS is the product of a and b. Similarly, the indirect effect of MS on SM through SS is the product of a and b2. Finally, the total effect partitions how differences in MS will affect SB and SM. The two hypotheses will be mathematically tested using the regression models presented in Equations (1)–(3).


  SS =  i 1  + MS ∗ a +  ε 1   



(1)






  SB =  i 2  + MS ∗  c ′  + SS ∗ b +  ε 2   



(2)






  SM =  i 3  + MS ∗  c 2 ′  + SS ∗  b 2  +  ε 3     



(3)




where MS is a measure of construction safety culture; SS is a measure of construction safety climate; SB is a measure of safety behavior; SM is a measure of safety motivation;    i 1   ,    i 2   , and    i 3    are regression intercepts;   a ,   b ,    c ′  ,    b 2  ,   and    c 2 ′    are the regression coefficient that captures the effect on the respective outcomes; and    ε 1   ,    ε 2   , and    ε 3    are the errors in the estimation of SS, SB, and SM, respectively.



The MS value represents the average value of the scores of upper management and safety personnel actions shown in Appendix A. Similarly, the SS value represents the average value of the scores of frontline supervisors and workers’ involvement actions outlined in Appendix A. Finally, SB and SM values represent the averages of the scores of the variables presented in Appendix B. To obtain the average scores of MS, SS, SB, and SM, the average score across the items related to each factor will first be computed. Next, the average of the computed averages across the responses will be calculated to obtain a unique score. Equations (4) and (5) show an example of how MS (i.e., the influence of upper management and safety personnel) will be calculated. The same steps will be followed to calculate SS, SB, and SM.


   MS  r e s p o n s e   =     ∑  1 5  UM +   ∑  1 5  SC   10    



(4)






   MS  a l l   r e s p o n s e s   =     ∑  1 n   MS  r e s p o n s e    n   



(5)









3. Research Methodology


An online questionnaire was created to achieve the study objectives. The questionnaire was pretested by several construction practitioners to ensure its clarity, which resulted in a revised questionnaire. This study uses a numerical rating scale (1 to 10 scale) to assess the existence of the variables of MS and SS, where 1 indicates the nonexistence of the variable, and 10 indicates the absolute existence of it. A similar scale is used to score the variables of SB and SM, where 1 means totally disagree, and 10 means totally agree. The author believes this scale is compatible with the statistical methods that will be used in the study. This scale provides Gaussian distributed data, whereas the Likert rating scale provides ordinal data. The Likert technique is often used in similar studies and produces an ordinal scale that generally is not compatible with parametric statistical tests [29,30]. Lawrence Technological University’s Human Subject Institutional Review Board (HSIRB) reviewed and approved the research protocol in October 2019.



A convenient sample questionnaire was administered over a period of 1.5 months, and 275 valid responses were collected. The online survey was distributed through a network of construction practitioners who asked their colleagues to participate. The study sample is a convenience sample, which is a widespread research methodology in construction research due to the infeasibility of other sampling plans, such as probability-based sampling. Respondents were presented with a participant information and consent form, which led to the questionnaire only after the respondent voluntarily agreed to participate. Furthermore, participants who voluntarily consented to complete the questionnaire were free to withdraw from the study at any time.




4. Survey Findings


The participants came from construction firms in various geographical areas, including North Carolina (33.1%), Virginia (7.3%), Illinois (5.5%), New Mexico (5.1%), South Carolina (3.6%), Florida (3.6%), New York (2.2%), Michigan (1.5%), multiple states (9.5%) and others (28.5%), including Ohio, Colorado, and Qatar. The participating firms included residential (22.2%), commercial (48.7%), special trades contract (13.8%), and civil and heavy construction (15.3%). The number of employees within participating firms was as follows: Overall, 10.2% had fewer than 10 employees, 18.5% had between 10 and 50 employees, 19.6% had between 50 and 100 employees, 24.7% had between 100 and 250 employees, and 26.9% had more than 250 employees. The revenue of respondents’ firms was as follows: In total, 21.1% had less than USD 500,000 per year, 8.4% had between USD 500,000 and USD 1 million per year, 24.7% had between USD 1 million and USD 10 million per year, and 45.8% had more than USD 10 million per year. The participants’ job descriptions were as follows: In total, 19.6% were workers, 23.6% were supervisors, 35.6% were management, and 21.1% were safety personnel. Finally, the answers to the question about the participants’ experiences indicate that 23.7% had fewer than five years of experience, 22.9% had between four and 10 years of experience, and 53.5% had more than 10 years of experience. Overall, the study sample seems to be representative of the construction industry’s firms and workforce, which strengthens the overall study findings and contribution.



Table 1 illustrates the descriptive data and correlations between the study factors. Construction safety culture is positively correlated with both SB (r = 0.7) and SM (r = 0.53). These values are higher than the correlation values with construction safety climate. On the other hand, the scales that have been used to measure the study factors have a high level of internal consistency, as determined by a Cronbach’s alpha (α) (see Table 1). Cronbach’s alpha (α) is used to determine if the scale is reliable. The values of α presented in Table 1 suggest that the scales that have been used in this study are reliable. The results of the hypotheses tests, as well as the variable rankings, are discussed below.



4.1. Effect of Construction Safety Culture and Safety Climate on Safety Behavior


The first hypothesis predicted that MS positively, directly, and indirectly through SS, influences SB. The regression analysis results are presented in Figure 4 [a = 0.78, b = 0.04, and c’ = 0.47]. The value of the coefficient a (0.78) is significantly different from zero [t = 20.39, p < 0.0001] and suggests that two firms that differ by one unit in their MS are estimated to differ by 0.78 in their SS (see Table 2). In other words, a firm’s construction safety culture positively influences its safety climate [F (1; 273) = 416.123, p < 0.001]. In addition, the R2 (i.e., 0.60) suggests that roughly 60% of the variation in SS could be explained by MS (see Table 2). Accordingly, Equation (1) can be presented as follows: SS = 1.24 + 0.78 MS.



Table 3 shows the regression results of predicting SB from both MS and SB. The results suggest that a significant proportion of the total variation in SB can be explained by MS and SS [F (2, 272) = 130.58, p < 0.001]. For MS, the unstandardized slope, which represents the direct effect (i.e.,    c ′   ), was found to be 0.47, which is significantly different from zero [t = 9.45, p < 0.001]. This suggests that for every one-point increase in the MS scores, when SS is held constant, the SB score increases by roughly 0.47 of a point. For SS, the unstandardized slope (i.e., b) was found to be 0.04, which is not statistically significant [t = 0.9, p = 0.36]. The R2 value (i.e., 0.49) of the framework indicates that approximately 49% of the variation in SB could be explained by MS and SS (see Table 3).



The indirect effect of MS on SB via SS was found to be 0.031. The bootstrapping process was adopted to estimate the 95% confidence interval. The confidence interval includes zero as a potential value for the indirect effect, suggesting that the indirect effect is not statistically significant. The 95% confidence interval was found to be from −0.0627 to 0.1263. This means the hypothesis that SS mediates the effect of MS on SB should be rejected.



Finally, the total effect of MS on SB is presented in Table 4. The total effect is the effect of MS on BS when the mediator is not present in the model. The result indicates that when SS is not in the model, MS predicts SB to a statistically significant degree. The total effect value of 0.5 is significantly different from zero [t = 16.14, p < 0.0001] and suggests that two firms that differ by one unit in their MS are estimated to differ by 0.5 in their SS (see Table 4). In other words, a firm’s construction safety culture positively influences its SB [F (1; 273) = 260.51, p < 0.001]. In addition, the R2 value of 0.49 suggests that roughly 49% of the variation in SB could be explained by MS. Accordingly, the following equation could be used to determine the SB based on MS score alone: SB = 4.71 + 0.5 MS. Clearly, the significance of the model presented in Figure 3 is a result of the impact of MS, not SS (see R2 in Table 3 and Table 4).




4.2. Effect of Construction Safety Culture and Safety Climate on Safety Motivation


The second hypothesis predicted that MS is linked to SM directly and indirectly through SS. The regression analysis results are presented in Figure 5 [a = 0.78, b2 = 0.018, and    c 2 ′   = 0.23]. The correlation between MS and SS is similar to the information presented in the previous subsection. Table 5 shows the regression results of predicting SM from both MS and SB. The results suggest that a significant proportion of the total variation of SB can be explained by MS and SS [F (2, 272) = 53.24, p < 0.001]. For MS, the unstandardized slope, which represents the direct effect (i.e.,    c ′   ), was found to be 0.23, which is significantly different from zero [t = 6.12, p < 0.001]. This suggests that for every one-point increase in the MS scores, when SS is held constant, the SM score increases by roughly 0.23. For SS, the unstandardized slope (i.e., b) was found to be 0.018, which is again not statistically significant [t = 0.47, p = 0.634]. Overall, the R2 of 0.28 indicates that approximately 28% of the variation in SM could be explained by MS and SS.



The indirect effect of MS on SM (i.e., the effect via SS) was found to be 0.014. The bootstrapping process was adopted to estimate the 95% confidence interval. The 95% confidence interval was found to be from −0.0415 to 0.0962. Thus, the indirect effect is not statistically different from zero with a 95% confidence interval. This means the hypothesis that SS mediates the impact of MS on SM should be rejected.



Finally, the total effect of MS on SM is presented in Table 6. The total effect is the effect of MS on BS when the mediator is not present in the model. The result indicates that when SS is not in the model, MS predicts SM to a statistically significant degree. The total effect value of 0.25 is significantly different from zero [t = 10.32, p < 0.0001] and suggests that two firms that differ by one unit in their MS are estimated to differ by 0.25 in their SM (see Table 6). In other words, a firm’s construction safety culture positively influences its SM [F (1; 273) = 106.55, p < 0.001]. In addition, the R2 value of 0.28 suggests that roughly 28% of the variation in SM could be explained by MS. Accordingly, the following equation could be used: SM = 7.64 + 0.25 MS. Similar to what was reported in the previous subsection, the significance of the model presented in Figure 4 is a result of the impact of MS, not SS (see R2 in Table 5 and Table 6).





5. Contribution and Practical Recommendations


This study represents the first attempt to examine the impact of the construction safety culture and climate framework on safety behavior and safety motivation. Thus, this study makes critical contributions to construction safety management. Furthermore, the study reveals the statistically significant impact of construction safety culture on safety behavior and safety motivation. Therefore, firms striving to promote superior safety performance can benefit from the construction safety culture framework presented in this study. The study demonstrates a precise mechanism through which construction safety culture affects safety climate, safety behavior, and safety motivation. However, the results indicate that the impact of safety climate is not as statistically significant as the impact of safety culture, emphasizing the role and vital contribution of upper management and safety personnel (i.e., construction safety culture) in terms of overall safety performance. This could also be explained by the fact that the variables of construction safety climate are implied within safety behavior variables. This is true because both factors are related to the safety actions of field personnel.



The overall findings suggest that construction firms can improve safety behavior by adopting the presented framework. Thus, it can be concluded that unsafe behavior results from the absence or lack of an influential construction safety culture. Due to its vital contribution to overall site safety, including safety behavior, the focus of future research studies and practical remedies should be the overall safety culture. For years, construction workers’ unsafe behaviors have been considered a leading cause of accidents [31]. In general, researchers have suggested that unsafe behaviors contribute to roughly 80% of construction incidents [32]. However, this study reveals the significant influence of construction safety culture on safety behavior. Accordingly, unsafe behavior should be considered the direct cause of incidents. On the other hand, construction safety culture should be viewed as the root cause of incidents due to its significant influence on safety behavior. Management shortcomings lead to unsafe behavior, which increases the likelihood of fatal and nonfatal occupational injuries. As a result, it is the lack of an influential construction safety culture, rather than unsafe behaviors, that ultimately results in frequent construction incidents.



Firms with higher levels of safety culture also have higher safety climate scores. This is particularly important in construction workplaces, where more than one safety climate may exist due to the presence of several subcontractors working in one workplace. It is expected that larger construction firms (e.g., general contractors) positively impact the safety climates of the smaller construction firms (e.g., subcontractors) that work for them. However, unsafe subcontractors may not only affect their employees but also create circumstances that increase the likelihood of another worker being injured later [21]. Therefore, a superior safety culture could overcome the poor safety climate that sometimes results from subcontractors’ differing safety cultures. Thus, utilizing the new construction safety culture framework as a safety prequalifier could ensure higher safety performance levels. This understanding could be a game changer in prequalifying contractors and subcontractors in the construction industry. As has been highlighted by Al-Bayati et al. [20] and Wilbanks [33], the current prequalifying practices seem to be insufficient and rely on questionable lagging indicators, such as EMR.



Finally, the validation this study delivers for the recently published research is vital. Replication studies contribute significantly to the validity and reliability assessments of already published works [34]. The high rate of nonreplication of research discoveries increases concerns that most current published research findings are false [35]. Validity and reliability assessments of published research studies should be considered a high priority to reduce false findings and increase public trust in safety research.




6. Study Limitations


There are a few limitations that must be acknowledged despite this study’s contributions. First, this study is based on a cross-sectional survey. While the study findings are sufficient to draw inferences with respect to associations, there is a need for a longitudinal research study to reliably demonstrate causal relationships between the examined aspects. Second, the current study used a nonprobability instrument (i.e., a convenience survey) to gather data. It is questionable to generalize nonprobability survey findings [34,36]. Therefore, there is a need to duplicate the study utilizing a combination of quantitative and qualitative research (i.e., a mixed method such as follow-up interviews or focus groups) to verify the framework’s reliability and validity. Specifically, qualitative data can provide vital information on the obstacles that may hinder the utilization of the proposed construction safety culture and safety climate framework.



Finally, the current structure of the safety behavior and motivation measurements presented in Appendix B could contribute to measurement bias. Participants who are asked to report their safety behavior (e.g., I feel that it is important to maintain safety at all times) may tend to overscore their responses. The overscoring could be explained by a phenomenon termed “social desirability,” which is the tendency to respond to questions in the manner that is likely to be most socially sanctioned [37]. Thus, it is recommended to consider this limitation while reviewing the study findings.




7. Concluding Remarks


This research is the first quantitative assessment of the newly proposed construction safety culture and safety climate framework. The assessment evaluates the impact of the framework on safety behavior and safety motivation. The focus on measurable, observable metrics is the core of the investigated construction safety culture and climate framework. This study’s findings deliver a critical understanding of the construction safety culture metrics and their influence on safety climate, safety behavior, and safety motivation. The results strongly suggest that construction safety culture is fundamental to ensuring an ideal safety climate, excellent safety behavior, and acceptable safety motivation. This study’s overall findings provide a thoughtful, crucial understanding of the contributions of construction firm members (i.e., workers, upper management, frontline supervisors, and safety personnel) to overall safety performance. This understanding will undoubtedly improve construction safety management and reduce fatal and nonfatal injuries in the industry.
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Table A1. Construction Safety Culture and Safety Climate Measurement.






Table A1. Construction Safety Culture and Safety Climate Measurement.





	
Factor

	
Variables






	
Construction Safety Culture

	
Upper Management (UM)

	
UM1

	
Upper management has a strong core of safety values that guide decision making.




	
UM2

	
Upper management responds to all incidents in a positive manner and uses them as a learning opportunity.




	
UM3

	
Upper management allocates time and funds when corrective safety actions are required.




	
UM4

	
Upper management adheres to all safety requirements and procedures.




	
UM5

	
Upper management considers safety an integral part of the job, which receives the same amount of attention as other aspects of the job.




	
Safety Coordinator (SC)

	
SC1

	
Safety personnel tries to implement accident prevention techniques.




	
SC2

	
Safety personnel clearly communicates safety regulations and expectations.




	
SC3

	
Safety personnel is approachable and receptive.




	
SC4

	
Safety personnel strives to improve overall site safety.




	
SC5

	
Safety personnel communicates accident reports to workers in order to prevent future accidents of similar nature.




	
Construction Safety Climate

	
Frontline Supervisors (FS)

	
FS1

	
Frontline supervisors encourage recording and reporting all near misses.




	
FS2

	
Frontline supervisors actively participate in reviewing safety procedures.




	
FS3

	
Frontline supervisors correct unsafe conditions quickly.




	
FS4

	
Frontline supervisors lead by example when it comes to safety.




	
FS5

	
Frontline supervisors always ensure that workers are following proper safety regulations.




	
Workers Involvement (WI)

	
WI1

	
Workers feel okay to report unsafe conditions.




	
WI2

	
Workers know how/where to file an incident report.




	
WI3

	
Workers follow all safety policies and procedures.




	
WI4

	
Workers’ actions suggest that they learn and apply concepts from safety training efforts.




	
WI5

	
Workers actively participate in reviewing safety procedures.




	
WI6

	
Workers feel confident that safety issues will be corrected if they report them.










Appendix B
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Table A2. Safety Behavior and Safety Motivation measurement.






Table A2. Safety Behavior and Safety Motivation measurement.





	
Factor

	
Variables






	
Safety motivation

	
I feel that it is worthwhile to put in effort to maintain or improve my personal safety




	
I feel that it is important to maintain safety at all times




	
I believe that it is important to reduce the risk of accidents and incidents in the workplace




	
Safety Behavior

	
Safety compliance

	
I use all the necessary safety equipment to do my job




	
I use the correct safety procedures for carrying out my




	
I ensure the highest levels of safety when I carry out my job




	
Safety participation

	
I promote the safety program within the organization




	
I put in extra effort to improve the safety of the workplace




	
I voluntarily carry out tasks or activities that help to improve workplace safety
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Figure 1. The share of construction fatalities and employment. 
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Figure 2. Hypothesis 1. 
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Figure 3. Hypothesis 2. 
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Figure 4. Hypothesis 1 regression results. 
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Figure 5. Hypothesis 2 regression results. 
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Table 1. Descriptive analysis results.
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The Study Factors

	
Cronbach’s Alpha (α)

	
Mean

	
Std. Dev.

	
Correlations




	
MS

	
SS

	
SB

	
SM






	
Construction Safety Culture (MS)

	
0.96

	
8.45

	
1.82

	
—

	
0.78

	
0.70

	
0.53




	
Construction Safety Climate (SS)

	
0.95

	
7.86

	
1.83

	
0.78

	
—

	
0.57

	
0.43




	
Safety Behavior (SB)

	
0.93

	
8.97

	
1.31

	
0.70

	
0.57

	
—

	
0.69




	
Safety Motivation (SM)

	
0.85

	
9.53

	
0.84

	
0.53

	
0.43

	
0.69

	
—
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Table 2. Linear regression result using Equation (1); outcome: SS.
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Predictors

	
Coefficient

	
t-Value

	
p-Value

	
R2






	
Constant (i1)

	
1.24

	
3.73

	
0.0002

	
0.60




	
MS (a)

	
0.78

	
20.39

	
<0.001











[image: Table] 





Table 3. Linear regression result using Equation (2); outcome: SB.
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Predictors

	
Coefficient

	
t-Value

	
p-Value

	
R2






	
Constant (i1)

	
4.65

	
16.81

	
<0.001

	
0.49




	
SS (b)

	
0.04

	
0.9

	
0.36




	
MS (   c ′   )

	
0.47

	
9.45

	
<0.001
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Table 4. The total effect of MS on the SB model.
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Predictors

	
Coefficient

	
t-Value

	
p-Value

	
R2






	
Constant (i1)

	
4.71

	
17.45

	
<0.001

	
0.49




	
MS (   c ′   )

	
0.50

	
16.14

	
<0.001
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Table 5. Linear regression result using Equation (2); outcome: SM.
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Predictors

	
Coefficient

	
t-Value

	
p-Value

	
R2






	
Constant (i1)

	
7.44

	
35.3

	
<0.001

	
0.28




	
SS (b2)

	
0.018

	
0.47

	
0.634




	
MS (   c 2 ′   )

	
0.23

	
6.12

	
<0.001
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Table 6. The total effect of MS on the SM model.
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Predictors

	
Coefficient

	
t-Value

	
p-Value

	
R2






	
Constant (i1)

	
7.46

	
36.35

	
<0.001

	
0.28




	
MS (   c 2 ′   )

	
0.25

	
10.32

	
<0.001
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