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Abstract

:

Construction operations are hazardous, leading to thousands of accidents, injuries, and fatalities annually. Safety risk assessment (SRA) is a key component necessary to respond to hazards effectively. Individuals have different perceptions of the riskiness of construction hazards, and studies have shown that different sociodemographic factors among employees can alter their SRA skills. However, their role in the US construction industry has been understudied, and this analysis investigates this topic further. Following a detailed systematic review of the relevant literature, quantitative data were collected from 181 construction fieldworkers in the United States using images integrated into an interactive questionnaire survey. Responses on the severity and frequency of seven potential accident causes were captured and analyzed. Findings from the literature review revealed six key sociodemographic factors—age, education, training, gender, ethnicity, and work type—that could impact fieldworkers’ SRA. However, a quantitative analysis suggests that only education is a significant influence, and sociodemographic factors had a statistically significant impact on less than five percent of the assessments. Therefore, the present study proposes that future investigation within the SRA domain should complement sociodemographic factors with critical behavioral factors that are rarely discussed, such as cognitive biases, personality traits, and safety behavior. As a foundational study for safety researchers and practitioners, the results provide information on SRA that can help enhance the safety and workforce sustainability of construction companies with a diverse workforce.
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1. Introduction


The US construction industry employed over 3.2% of the US population in 2021, and employees had different sociological and demographic characteristics such as age, ethnicity, and gender [1]. According to previous studies, workers’ poor situational awareness is a leading cause of workplace accidents [2,3,4,5]. Moreover, hazard recognition has been identified as the first step toward accurate safety risk assessment [6]; however, most construction employees are unable to appropriately identify safety risks [7,8]. More specifically, approximately 6% of a sample population of construction foremen in the United States can accurately assess workplace safety issues [7], whereas the risk of typical hazards encountered on the jobsite was perceived to be considerably low by 100% of a sample population of construction workers in Eastern Europe [9]. As a result, there is a critical necessity to understand construction workers’ situational awareness on a jobsite in order for employers and safety managers to develop safety strategies that address their workers’ needs.



Workers’ ability to assess safety risks has been quantified in multiple studies, and the results suggest that workers perceive safety risks differently when exposed to identical circumstances [10,11,12]. Sociodemographic factors have been recognized as influencing an individual’s ability to assess safety risks in the construction industry [13]. Moreover, studies have emphasized that demographic characteristics substantially impact construction employees’ safety awareness and workplace safety performance [14,15]. For example, several authors have found that age, gender, training, experience, job role, and education affect workers’ situational awareness [14,16,17,18,19].



Although it is broadly accepted that these factors impact workers’ safety performance, their role on fieldworkers’ safety risk perception in the US construction industry has been understudied. For instance, these factors are typically assessed in isolation (e.g., Caban-Martinez et al. [20] and Tixier et al. [21] investigated the influence of Occupational Safety Health Administration (OSHA) training alone), limiting the potential to generate critical intra-study insights. Moreover, most studies in the US either focus on supervisors or construction students [11,21,22,23,24], and the few studies that assess fieldworkers’ safety risk assessments are either regional [20] or based on a small sample size [25]. Given that fieldworkers make up a significant portion of worker injuries and fatalities in the US construction industry [26], and that injuries associated with poor worker safety actions occur across the US, it is imperative to investigate this topic further.



Therefore, the purpose of the present study is to investigate the effect of different sociodemographic factors on construction workers’ safety risk assessment (SRA) skills in the US, given that workers typically assess safety risks differently. A detailed literature review was conducted to determine the various sociodemographic factors that potentially influence SRAs. Then, a survey was undertaken to quantify workers’ perceived risk level and identify the impact of the identified sociodemographic factors on SRAs. The present study contributes to existing knowledge and practice in the following ways:




	(1)

	
The study highlights the sociodemographic factors relevant to fieldworker SRA research in the US construction industry while highlighting several potential behavioral factors that could influence workers’ SRAs.




	(2)

	
The findings of this study provide valuable information about fieldworkers’ SRAs to US contractors with a diverse workforce, allowing them to improve their safety training and favorably influence their employees’ safe behavior. Construction safety trainers can benefit from the findings because they can tailor safety trainings to the needs of specific groups of employees.










2. Background


The construction industry is known for unique projects that come with distinct challenges. These challenges frequently result in unanticipated situations that expose construction employees to occupational hazards and cause unforeseen liabilities. These incidents are unavoidable, and the nature of the construction site activities contributes to occupational risks [27]. Safety professionals have worked to improve safety by integrating procedures, regulations, and activities into the construction process. Unfortunately, these safety practices have not been implemented fully due to poor management and workers’ lack of attention to safety [28]. As a result, understanding construction workers’ safety risk assessments is critical to creating a safe and healthy workplace for them.



2.1. Construction Safety Risk Assessment (SRA)


Construction is one of the most hazardous industries in the United States, largely due to its uncertainties, dynamism, and complexity. Its hazardous nature is also partly a result of its fast pace and the constant changes that occur in the construction environment as a job progresses. In 2019, the fatality rate for construction workers in the United States increased by over 41% to 1102 (approximately 15 workers died daily from work-related accidents), surpassing the previous peak in 2007 [26]. According to OSHA, the primary causes of construction worker fatalities are falls, being struck, electrocution, and being caught between construction hazards [26]. Although construction organizations have implemented several interventions such as site-specific safety plans [29], near-miss reporting programs [30], safety incentive programs [31], and technology-based processes [32] aimed at mitigating the risks associated with these accidents, the accident rates remain troubling. Existing accident theories suggest that although the work environment contributes to accidents, most accidents can be attributed to workers’ unsafe actions [33].



The ability of workers to perceive and analyze hazards, make projections, and establish control in such a dynamic and complex work environment poses a significant challenge [34]. Workers make imprecise and ill-timed decisions when they have little awareness of the situation in which they find themselves [34]. Moreover, when two or more workers are exposed to the same circumstance, they typically see it differently. If no safety plan is in place to counteract workers’ inherent biases and risk propensity, those with a higher tolerance for risk-taking and those who constantly underestimate safety risks could be exposed to a severe accident [12]. The inability of workers to establish proper awareness of their environment is a fundamental cause of many mishaps that occur on dynamic jobsites [35]. Thus, the current status of workers’ SRAs must be understood, and solutions that assist workers in remaining attentive to potential threats in their workplace must be developed.



By definition, a safety risk assessment is a systematic method for identifying and evaluating the impact of hazards to aid decision-making and promote a safe workplace [36]. Consequently, SRAs are a vital component of safety management. This assessment relies on determining the severity of the hazard tied to a construction event and evaluating how often the hazard occurs (probability). Several studies have investigated construction workers’ proficiency in accurately establishing and growing conscious of safety risks in a workplace [37]. Many have also examined why workers assess risks differently, finding that the distinct psychosocial [38], personality [39], and demographic characteristics [14,17,40] of workers influence their perception of safety risks.




2.2. SRA and Sociodemographic Factors


In addition to workers’ awareness of their dynamic work environment, they need to be able to properly assess the features, severity, and frequency of existing and evolving hazards in the workplace as construction work progresses. Several studies have shown that sociodemographic characteristics, including the age [16,41], type of work [2,39], level of training [22,40], ethnicity [41,42], education level [19,43], and gender [43,44] of construction workers, influence workers’ SRAs. The outcomes are discussed in the subsequent sub-sections.



2.2.1. Influence of Age of Workers


Compared with other sectors, the construction industry, particularly in the United States, has scarce information about the influence of age on the SRAs of employees, which is evident in a study conducted by Salminen [45]. Salminen evaluated the effect of age on occupational injuries across different industries, and less than 16% of the reviewed articles were drawn from the construction domain. Given the limited information on hand, especially within the United States, it is challenging to ascertain the level of impact fieldworkers’ age has on their ability to perceive safety risks or identify which age group has an exceptionally high SRA.



However, researchers looked at the effect of age on the risk perceptions (RPs) of construction workers in Hong Kong and found that age had no influence [46]. However, in other studies, the RPs of Chinese construction workers have been reported to be influenced by their age [14], which is consistent with the findings of Mučenski et al. [47]. Some researchers reported that young workers have low RPs [16,17,44,47]. The low RPs among young people can be attributed to a lack of industry experience and a low level of training [44,47]. Workers in their 40s and 50s are more mindful of their safety than their younger counterparts [17], mainly because the older workers exhibit more positive attitudes than young workers [46]. Field employees aged 37–46 consider hazards with a low frequency of occurrence to have low severity [16], and this could be because of their familiarity with the construction event connected to a given hazard [37]. Although the average age of construction employees in the United States is about 43 years [1], information about the RPs of workers aged 50 years or more remains rare. As a result, this study was designed to investigate the SRAs of construction workers across all age groups.




2.2.2. Effect of Workers’ Education Level


A review of prior studies showed that the influence of education on construction workers’ SRAs is inconclusive. For example, Trillo-Cabello et al. [11] evaluated the influence of sociodemographic factors on experts’ SRAs and discovered that their level of education does not influence their ability to perceive safety risks. Similarly, Renault et al. [18] reported that experience and education are statistically insignificant concerning a company’s risk management methods. These findings imply that workers with a high level of education do not use risk management techniques that are distinct from those used by workers with a low degree of education [42].



Nonetheless, Karimi and Taghaddos [19] found that craft workers with high educational attainment have a considerably low probability of fatal injuries. Similarly, Chaswa et al. [17] revealed that education has a statistically significant influence on workers’ SRA abilities. The authors stated that, unlike unskilled workers, educated workers adequately perceive safety risks linked with the manual handling of loads. This finding demonstrates that hiring uneducated construction workers for a project increases the likelihood of injuries and fatalities at the jobsite.




2.2.3. Effect of Training


Construction companies invest a substantial amount of money in training their employees each year, and researchers have proven that subjecting workers to safety training significantly improves their ability to assess safety risks [9]. However, how training affects workers’ safety awareness depends on the training style, which may be traditional, highly engaging, or experiential [37]. For example, Rodríguez-Garzón et al. [40,48] used a psychometric model developed by Daniel Kahneman and Amos Tversky to measure the risk perception of workers. They proceeded to conduct a hierarchical cluster analysis to group the outcome and then examined the influence of training on the principal components. The authors found that the demographic training variable significantly impacted the workers’ perception of safety risks, arguing that subjecting workers to more than 40 h of training would increase the number of workers with high SRA skills from 22.8% to 45%. However, more than half of the workers (55%) would still have low RPs.



Other studies have examined the impact of training techniques on the SRA of workers. Namian et al. [37] investigated the influence of training techniques with different engagement levels on construction workers’ SRAs. The results showed that relative to workers with low-engagement training, the workers with high-engagement training had a significantly higher perception of safety risks, and hazard recognition skill was a confounding variable [37]. This finding infers that hazard recognition influenced the workers’ ability to assess safety risks accurately.




2.2.4. Influence of Workers’ Gender


Researchers have attempted to answer whether male and female construction workers perceive risk differently, but their findings remain inconclusive. In a recent study, Trillo-Cabello et al. [11] designed a survey questionnaire to investigate how the gender of safety experts influences their RP and found that gender had no bearing on the safety experts’ ability to perceive risks. Similarly, Wong et al. [43] investigated the risk awareness of male and female engineering students. They discovered that both genders have low and high RP in response to working in a “hot environment” and “struck by a falling object,” respectively. These findings indicate that there is no significant difference in the SRAs of both male and female construction personnel.



On the contrary, Han et al. [16] developed a questionnaire-based survey to explore the effect of gender on construction workers’ SRAs and found that relative to male workers, women recorded a high SRA. Similarly, Chan et al. [41] argued that the gender of workers plays a significant role in their level of SRA. In another study, Ahonen and Benavides [49] examined archival data and reported that the rate of occupational accident occurrence among male workers is significantly higher than for female workers. These findings demonstrate that researchers continue to disagree on the influence of gender on construction workers’ RP.




2.2.5. Influence of Workers’ Ethnicity and Culture


Between 2010 and 2020, the US construction industry experienced about a 7.5% increase in employees from minority ethnic groups (MEGs) [1]. This finding shows that construction companies have experienced greater diversity and inclusion in their workplace. Nonetheless, injury and fatality rates among foreigners and other members of MEGs are higher than those of their local counterparts [45,49] because many MEG members perform riskier tasks than those performed by local workers [50]. Unfortunately, research on the safety awareness of MEG construction workers in the United States is scarce.



In a recent study, researchers found that compared with local workers, MEG workers have a considerably low perception of safety risks—little to no construction experience, lack of construction safety rules, and financial stress have been identified as primary factors impacting their RP [41]. Chan et al. [41] also suggested that the existing safety laws and procedures focused on local workers should be evaluated to consider ethnic differences and improve RP. In 2009, Lesch et al. [24] compared the RP of college students in the United States and China using symbols, signal words, and colors, finding that RP among Americans is higher than that of the Chinese. The difference results from variations in their interpretation of the words, signals, and colors [24]. Similarly, Zou and Zhang [51] designed a survey questionnaire to compare the RP of construction workers in Australia and China and reported that Chinese workers ranked construction operational risks as the highest risks. In contrast, the Australian workers generally assessed environmental risks as the highest. The poor RP of the Chinese workers regarding environmental risks could result from a lack of awareness about the impact of construction activities on the environment, and the authors encouraged the Chinese government to put safety policies in place to counteract environmental pollution.




2.2.6. Influence of Work Type and Role


The impact of work roles on the SRAs of construction workers is a concern in both developing and developed countries [25,38,52,53]. The type of role workers play in the construction industry influences the number of occupational risks to which they are exposed. In masonry, Memarian and Mitropoulos [54] explored historical data and established that masons are responsible for 48% of the overall accident events, whereas laborers and foremen recorded 41% and 9%, respectively. Abbas et al. [52] investigated the influence of construction employee job positions on their ability to perceive risks accurately and expressed that the risk perceptions of frontline workers are much lower than those of site engineers. This finding is in line with the conclusion drawn by Hung et al. [25] and Borys [53].



In another study, Meliá et al. [38] compared the risk perceptions of top management with frontline workers in three nations and found a significant difference. Specifically, the mean scores of supervisors and managers were somewhat higher than those of frontline workers. Likewise, Hallowell [2] compared the risk perception of construction managers and workers and confirmed that their perceptions differed significantly. The wide discrepancy in workers’ and managers’ ability to perceive risk is influenced by poor social relationships [38], limited experience in workplace safety [52], the disparity in the construction industry’s safety attitudes among managers, supervisors, and frontline workers [25], and the poor acceptance and implementation of safety regulations and procedures by frontline workers [55].



Table 1 summarizes the studies investigating the role of the discussed social demographic factors on accidents and safety risk perception. The data suggest a significant gap in the existing literature at the nexus of SRA, sociodemographic factor-based analyses, and fieldworkers in the US construction industry. Therefore, the objectives of the present study are to:




	(1)

	
Identify the sociodemographic factors typically evaluated in the construction SRA literature.




	(2)

	
Investigate the effect of the aforementioned sociodemographic factors on fieldworkers’ SRAs for different accident causes across the United States.




	(3)

	
Recommend individual behavioral factors that could impact construction fieldworkers’ SRAs.












3. Materials and Methods


To achieve the research goal, we relied on multiple research methods. As depicted in Figure 1, a detailed literature review was conducted to identify relevant sociodemographic factors and common accident causes in the construction industry. This review was followed by a questionnaire-based survey to gather information on workers’ perceptions of safety risks. Descriptive and inferential statistical analyses were employed to extract important insights from construction workers who participated in the pre-sent study. A detailed explanation of the literature review process and survey development is provided in this section.



3.1. Literature Review and Content Analysis


A comprehensive literature review was conducted to appraise the state of the art regarding the influence of demographic factors on construction workers’ perceptions of safety risk. Scopus and Google Scholar were the primary search engines used in this investigation. A desktop review was conducted first to identify potential demographic factors (gender, ethnicity, age, education, training, and work type), followed by a more detailed review to locate relevant articles (situational awareness and sociodemographic) in the construction domain. A pilot search on Scopus was conducted with the general keywords “Situational Awareness” OR “Risk Assessment” OR “Risk Identification” OR “Risk Perception” OR “Hazard Identification” AND “Demographics” OR “Sociodemographic,” which yielded more than 18,700 document results, indicating a considerable uptrend in the search terms. Then, a new search was conducted that used filters and limits. First, the search was confined to articles with engineering as the subject area, and then it was narrowed down to the title, abstract, and keywords of the article. Second, the “AND” and “OR” Boolean operators were employed to include each sociodemographic factor, and the method was repeated multiple times, changing “Demographics” and “Sociodemographic” with fresh queries and including “Construction” each time at the end.



For training, the keywords “safety training” AND “OSHA” OR “OSHA train*,” obtained 16 results (10 selected). A total of 110 papers were obtained when “Age” OR “Age Demography*” was specified for age (11 selected). “Ethnic*” OR “Culture*” was keyed for ethnicity, and 57 documents were returned (15 selected). “Education” was typed in for education, and it yielded 70 documents (12 selected). “Work type” OR “job position” were keyed in for work type, which yielded eight documents (six selected). “Gender” was keyed in for gender, and 22 papers were retrieved (12 selected).



Only 66 publications were accepted after the title and abstract of the results obtained from each search query were examined to rule out studies that were not relevant to the study’s goal. The full text of the 66 papers was assessed for the quality of the research method, results, and conclusion. A total of 38 studies were eliminated, leaving 28 studies for this investigation. A master table was prepared to display the results; this table includes the essential characteristics (demographic factors explored, method of analysis, number of participants, type of respondents, location, and outcomes) in addition to their general metadata [59].




3.2. Questionnaire Survey


A questionnaire with an image that symbolizes a construction site was prepared for this study. The questionnaire was sent to fieldworkers at construction companies all over the United States via Email between April and June 2020 through workforce associations and third-party survey platforms. The questionnaires were filled out online by the participants who volunteered to take the survey. The image on the questionnaire depicts a steel erection operation with some hazardous aspects, as shown in Figure 2. This image was selected because, among various trades in the construction industry, steel erection operations entail the highest level of risk [60].



The questionnaire was divided into two sections. The first section included questions asking participants for demographic data, and the second section included rating questions associated with the severity and frequency of incidents based on the following accident causes: slip, trip, or fall on the same level; struck by an object; caught in or between objects; electrocution; fall to a lower level; trapped in or between objects; step on an object. The seven listed occurrences are highly related to the construction trade, according to Fung et al. [60], who investigated 18 typical incidents in the construction industry.



In the questionnaire, the severity of the accident causes was assessed on a scale of 1 to 5, where 1 = discomfort or pain, 2 = first aid, 3 = medical case, 4 = lost work time, 5 = permanent disablement or fatality. Similarly, the frequency of the accident causes was assessed on a scale of 1 to 5, where 1 = never, 2 = once every 10 years, 3 = once a year, 4 = once per month, 5 = once per week.



Since the survey responses for this study came from construction employees across the United States, the data distribution was considered appropriate. The ideal sample size necessary to establish statistical significance in this study was calculated using Equation (1). The margin of error for this survey study was 10%, the standard deviation (Zα/2) for a two-tailed alternate hypothesis at α = 0.05 was 1.96, and the sample proportion was 50% for a simple random sampling where D = 1 [61]. Therefore, a sample size no less than 96 was required to examine the effect of sociodemographic characteristics on the SRAs of construction workers:


   S s  =    Z  α / 2     2  × P ×  (  1 − P  )  × D    e 2     



(1)




where    S s    represents the sample size, Zα/2 is the z-value that represents the confidence level in the data, P is the sample proportion, D is the design effect, and e is the sampling error.




3.3. Survey Distribution and Safety Risk Analysis


The survey was distributed to approximately 2000 construction fieldworkers using the convenience sampling approach [62,63] because the respondents were within reach and possessed the qualifications needed for this study. In total, 211 responded. The responses were reviewed for completeness and signs of invalid responses (e.g., straight-lining, failed attention check questions, and speeders). Twenty responses were removed as part of the quality control process, thereby reducing the number of viable and valid responses to 181. The survey data were entered into Excel 2016 [64] and transferred to IBM SPSS version 26 [65] for statistical analysis. Preliminary analyses were conducted by computing the variable for the severity score (severity/incident) using the severity scale by Hallowell and Gambatese [66]. The frequency score (incident/worker-hour) was also computed, given that every worker works eight hours a day and five days a week. The SRA, defined by Alomari et al. [67] as the product of an individual’s rating of severity and the frequency of occurrence, was then computed, as shown in Table 2.



This approach was repeated to determine a worker’s risk perception for each probable workplace accident. According to Table 2, if a fieldworker rates the severity of an accident type, such as electrocution, as 4 (lost work time) and the frequency of occurrence as 4 (once per month), then this worker’s SRA is 1.53. Equation (2) shows the mathematical expression for SRA. Alomari et al. [67], Hallowell [2], and Namian et al. [34] have all previously tested this method of assessing workers’ risk perception in the construction industry:


Safety Risk Assessment (S/w-h) = Frequency (incident/w-h) × Severity (S/incident)



(2)




where S represents severity, and w h represents working hours. The questionnaire used a 1 to 5 Likert scale to obtain information regarding workers’ perceptions of the injury severity and frequency, respectively. The Likert scale for injury severity and frequency were translated into the severity and frequency scores displayed in Table 2. Then, a safety risk assessment was calculated using Equation (2), and the significance of any differences in mean value comparisons was explored using an analysis of variance (ANOVA) and a t-test. A follow-up post hoc test was performed in cases where the ANOVA revealed a significant difference.




3.4. Statistical Tests


Based on the findings in the reviewed studies, it was hypothesized that sociodemographic factors would influence construction fieldworkers’ risk perception skills. The research hypothesis was investigated by computing and analyzing the workers’ SRA score using a univariate ANOVA for categorical variables with more than two levels and a t-test for independent variables with two levels. The data was checked to see if they met all the assumptions for univariate statistical methods. It was observed that the dependent variables (SRA scores) failed the normality test. Although non-parametric tests are suitable for analyzing non-normally distributed data, previous studies have concluded that parametric tests have a higher power than non-parametric tests, and thus, the former identify data actual effects better than the latter [68].



Moreover, Rasmussen and Dunlap [69] have emphasized that analyzing transformed data using parametric tests is more accurate than analyzing raw data with non-parametric tests. Hence, the non-normally distributed continuous variables were transformed into normal variables via SPSS software by first calculating the fractional rank of each score to achieve statistical uniformity, and then using the inverse normal distribution function developed by Abramowitz and Stegun in 1964 to calculate the z-score, which produced a normal distribution that contains real numbers: positive and negative scores [70]. Since negative risk scores are not acceptable in the SRA study, the negative values were normalized using the square root transformation described by Osborne [71] and mathematically expressed in Equation (3):


     (   |  m i n   v a l u e  |  + 1 + D V  )       



(3)




where DV is the dependent variable, and |min value| is the absolute of the lowest value in the dependent variable under consideration.



The normality test was reassessed using the normalized variables, and the histogram and the normality Q-Q plots showed that the normality assumption was met, and parametric tests were conducted. Six independent variables (IVs) were considered, and the impact of each of the IVs on each of the dependent variables (DVs) was considered individually.



3.4.1. ANOVA


A univariate ANOVA was used to understand the effect of the respective sociodemographic characteristics (age, safety training, and education level) on construction workers’ ability to evaluate safety risks for the respective accident causes. The ANOVA was used to test whether field employees with varying levels of safety training, age, or education perceive risks the same way in a given workplace. Prior to this test, we confirmed that the SRA scores were measured on a continuous scale, the independent variables had three or more categorical groups, the samples were independent of one another, there were no significant outliers in the data, and the transformed SRA scores were approximately normal. A homoscedasticity test was also conducted to ensure the equality of variances, but in situations where the assumption was violated, the outcome of a Brown Forsythe test was reported rather than the ANOVA test. Table A1 of the appendix page shows the results of the Levene’s test.




3.4.2. Independent t-Test


Similar to the ANOVA test, an independent t-test was used to examine the influence of the sociodemographic characteristics of construction workers on their SRA. Specifically, the influence of gender, ethnicity, and work type on field employees’ ability to assess risk was investigated. The results of the equality of variance test are shown in Appendix B.






4. Results and Discussion


This section presents the results from the statistical analysis and discusses the findings regarding demographic factors. SRA is defined as the hazard assessment ability of construction workers, and a significance level of 0.05 was used. Construction workers with a high SRA have a relatively higher safety awareness of the potential risks of the hazard present on the jobsite (and vice versa). The descriptive statistics result is shown in the Appendix B (Table A2). Table 3 shows a summary of the demographic information of the fieldworkers who participated in this study.



The accident causes are represented as follows in Figure 3, Figure 4, Figure 5, Figure 6, Figure 7 and Figure 8: AC1 = Slip, trip, or fall on the same level; AC2 = Struck by an object; A3 = Caught-in or -between objects; AC4 = Electrocuted; AC5 = Fall to a lower level; AC6 = Trapped in or between objects; AC7 = Step on an object.



4.1. Age of Workers


A univariate ANOVA was used to investigate the influence of age on construction workers’ SRA scores for the respective accident causes. Levene’s test showed that except for the “caught in-between objects” SRA scores, all other SRA scores have equal variances with a p-value that range from 0.162 to 0.877. The “caught in-between objects” SRA scores, on the other hand, have unequal variances among the groups (p-value = 0.042), and as a result, Brown Forsythe tests were reported. From the descriptive statistics, we expected a significant difference between the middle-aged workers and the older workers for “slip, trip, or fall on the same level,” “struck by an object,” and “fall to a lower level” accidents.



However, the ANOVA test showed that the difference in the mean SRA scores recorded by the respective age groups was statistically insignificant (p-values ranged from 0.100 to 0.186). This finding indicated that all the workers, irrespective of their age, similarly perceived the risk of losing their balance while working in a damp environment, the possibility of injury from overhanging loads, and the risk of working near an unprotected hole. Furthermore, the outcome of the statistical test also revealed that age had no significant impact on “Trapped in or between objects,” “Caught-in or-between objects,” and “Step on an object” accident causes with p-values that ranged from 0.161 to 0.553. This outcome is not consistent with the previous findings that age significantly influences workers’ perception of safety risks [14,16,17,47], and this difference could be a result of the sample of participants used for the study.



Lastly, the ANOVA test result for the electrocution event was noteworthy. Although the figure clearly shows no significant difference (p-value = 0.692) in the mean SRA scores provided by the employees regardless of their age group, they assessed the risk of placing energized equipment in a damp environment higher than other jobsite safety risks. This finding validates the conclusion drawn by Greening [72] that self-projection into hypothetical realities for an electrocution incident leads to high SRAs as a result of low perceived control. In other words, given that about 72% of the workers considered in this study have been involved or witnessed an accident, the majority were able to envisage a potential electrocution accident in their minds, believing that they have little control over a potential electrocution incident at the construction site. This belief caused them to rate the risk of electrocution astronomically high. The statistical value for the test is shown in Table 4.



Table 4 shows the ANOVA result and the significant value of the effect of sociodemographic factors on SRA of the respective accident causes. As shown in the table, only education significantly influenced the SRA of an accident cause.



These findings suggest that relative to other age groups, middle-aged workers recorded the highest mean SRA scores across the accident causes except for the variable “trapped in or between objects,” where the young workers recorded the highest SRA score, whereas the old workers recorded the lowest SRA score across the seven accident causes. The middle-aged workers might have been able to assess the risk higher than the other workers because relative to older workers, they are energetic and healthy, enabling them to perform their job efficiently while also watching out for safety risks. Compared with young workers, the middle-aged workers might have undergone more trainings and gathered the experience necessary to assess safety risks on the job. The older construction workers, on the other hand, may record low SRA scores for the following reasons: (1) rather than focusing on both the job details and the hazards tied to the job at the same time, their energy is dwindling, and they could only focus on completing the job [73]; (2) at the jobsite, older workers adopt a “macho” culture, where they understand that a situation is dangerous but still want to take the risk because they are afraid of being criticized by their peers [74]; (3) older workers are difficult to train and are resistant to workplace health and safety rules [75]. Although age had no significant impact on construction workers’ SRAs, construction employers are advised to pay special attention to older workers at their jobsites to eliminate or minimize workplace safety risks.




4.2. Education Level of Workers


A univariate ANOVA test was conducted to examine the effect of workers’ education on their SRA score for the respective accident causes. Levene’s test showed that all the variables have equal variances (p-value ranging from 0.094 to 0.706) except “slip, trip, or fall on the same level” and “step on an object” incidents, which violated the equality of variance assumption (p-values = 0.003 and 0.023, respectively) and thus a Brown Forsythe test was conducted for these variables. We predicted the mean SRA scores of the three various levels of education for “slip, trip, or fall on the same level” accident cause to be considerably different based on the descriptive data. However, the Brown Forsythe test revealed that the difference was insignificant (p-value = 0.096). This finding indicated that construction employees, regardless of their degree of education, perceive the risk of losing one’s balance, catching one’s foot on a dangerous object, or worse, falling on the same level in a similar way.



On the other hand, the Brown Forsythe test established a significant effect in the mean SRA scores of the workers for the “step on an object” accident cause for the three different education levels: F (2, 46.877) = 4.199, p-value = 0.021. This result revealed that workers with a high education level assessed the risk of a worker stepping into rippling rings of electrical current that are invisible to the eye due to the presence of an energized cable on the floor in a wet environment higher than workers with a medium education level. The difference in their mean risk scores was 3.50 S/w-h. This finding aligns with the conclusion drawn by other studies that the education level of workers significantly impacts their SRA [37,43]. However, the other pair comparisons were insignificant.



Moreover, from the descriptive statistics, one would expect a significant difference between the mean SRA scores reported by the workers for the “struck by an object” accident cause. However, the statistical analysis showed that different levels of education have no bearing on how the workers perceived the risk (p-values = 0.147). Similarly, the outcome of the ANOVA test for the influence of education on the respective accident causes, namely: “trapped in or between objects,” “caught in or between objects,” “electrocuted,” and “fall to a lower level,” demonstrated that the difference in the mean SRA scores of workers with a low level, medium level, and high level of education was not statistically significant. The p-value ranged from 0.289 to 0.898, demonstrating that other than the risk of stepping on an energized cable, the construction workers would assess the common safety risks that happen on the construction site, similarly regardless of their level of education. The statistical value for the test is shown in Table 4.



Taken together, across the seven accident causes, the workers with a high education level recorded the highest SRA score, whereas the workers with a medium education level recorded the lowest SRA scores. One prior study has argued that workers with little to no education may record low SRA scores because they encounter difficulties comprehending the fundamentals of safety protection, obligations, and rights [51]. On the contrary, researchers have also reported that education has no significant impact on the SRAs of workers [11]. Further investigations showed that one study used safety specialists as subjects, whereas Chaswa et al. [17] and Zou and Zhang [51] used construction employees. Hence, education has a significant impact on the SRA of construction workers for “step on an object” safety incidents. Nonetheless, workers with medium education levels require specialized training and supervision on the jobsite, especially when performing tasks that may cause them to step on an object.




4.3. Influence of Training


A univariate ANOVA was conducted to understand the impact of training level on workers’ SRA scores for the different accident causes. Levene’s test showed that the assumption of homoscedasticity was met for six SRA scores (p-values ranging from 0.080 to 0.668) except for the “fall to a lower level” SRA scores (p-value = 0.040), and thus a Brown Forsythe test was conducted for the “fall to a lower level” incident. From the descriptive statistics, we expected that workers who attained OSHA 500 or 510 h of training would perceive the risk of “step on an object” and “caught in-between objects” accident causes significantly higher than workers with OSHA 10 and 30 h of training, respectively. However, the ANOVA test established that the level of safety training workers attained did not significantly (p-value = 0.199 and 0.236, respectively) impact their mean SRA scores.



Furthermore, the statistical analysis was repeated for the remaining five accident causes, and the outcomes showed that irrespective of construction workers’ level of OSHA training, they all assessed the risks of common accident causes at the jobsite similarly, with the p-value ranging from 0.291 to 0.849. The descriptive output for the test is shown in Table 4. This outcome confirms the conclusion drawn by Li et al. [76] that the more traditional classroom safety training received by construction employees, the lower the quality of safety-related work produced due to the fast and continually shifting workplace.



The outcomes suggest that construction workers assessed safety risks in the same way, regardless of their degree of OSHA training. This finding aligns with the conclusion drawn by Tixier et al. [21] and Eiris et al. [23] that safety training does not increase workers’ ability to recognize danger because it is based on traditional rather than modern teaching methods. Similarly, studies have shown that the modern techniques of safety training significantly improve workers’ hazard recognition skills [9] and save a significant amount of time [23]. However, Caban-Martinez et al. [20] argued that 10 h of OSHA training influences construction workers’ ability to recognize safety risks. A further investigation showed that Caban-Martinez et al. contrasted sample populations in which one group had safety training whereas the other group had no training, whereas other studies used subjects with some form of safety training in their study [21,23]. Thus, construction managers and safety trainers should encourage their workers to participate in high-engagement training rather than relying solely on traditional safety trainings to improve their workers’ awareness of safety risks.




4.4. Gender of Workers


An independent t-test was conducted to compare the impact of gender on the mean SRA scores recorded by construction workers for the respective accident causes. The p-values for the homoscedasticity test ranged from 0.111 to 0.892, which showed that the assumption for the homogeneity of variance was fulfilled. The t-test result demonstrated that the difference in the mean SRA scores recorded by the workers for each of the seven accident causes was statistically insignificant, with p-values ranging from 0.269 to 0.883. A slight difference was observed in their mean SRA scores, with the male workers recording higher values than the female workers for most of the accident causes. Interestingly, relative to other accident causes, both male and female workers assessed the risk of electrocution to be high. Nonetheless, consistent with the finding of Flynn et al. [77], the female workers recorded a higher mean SRA score, possibly because (1) females are more highly susceptible than males, making them hypersensitive to safety risks [78]. (2) Safety and health issues are more pertinent to female workers than their male counterpart [79]. (3) Females have a lower socioeconomic position than males, making them more vulnerable to resource loss following an accident, hence causing them to over-assess safety risks subconsciously [80]. The statistical results are shown in Table 4.



Overall, this shows that male and female construction workers assessed the risk of common construction hazards at the construction site similarly. This finding aligns with the deduction made by Trillo-Cabello [11] and Wong et al. [43] that both male and female construction personnel similarly assess safety risks. More specifically, female workers recorded high SRA scores for two out of the seven accident causes, whereas the male workers recorded high SRA scores for the remaining five accident causes. As a result, male construction workers might take fewer risks than female workers. Although gender had no significant influence on construction workers’ SRAs, safety educators should prepare targeted training on accident causes for female construction workers to improve their perception of safety risks.




4.5. Ethnicity of Workers


An independent t-test was used to assess the influence of construction employees’ ethnic groups on their mean SRA scores for the various accident causes. Levene’s test for equality of variances showed that the assumption was met in this analysis, with p-values ranging from 0.062 to 0.836. The outcome of the statistical analysis showed that the ethnicity of workers had no significant impact on their mean SRA scores and the p-values ranged from 0.300 to 0.945. The statistical outcome specific to this analysis is shown in Table 4.



The construction industry comprises individuals from diverse ethnic groups. This study found that although the ethnicity of workers had no significant impact on their SRA, there was a slight difference in the mean SRA scores reported by Caucasians and workers from minority ethnic groups (MEG). Caucasian workers recorded lower mean SRA scores for four out of the seven accident causes, while members of the MEGs recorded lower mean SRA scores for the remaining three accident causes. Relative to Caucasians, the low mean SRA scores recorded by MEG workers could be among the factors contributing to the high fatality rates among members of MEGs in developed countries [42,49,55,81]. Furthermore, studies have attributed this unfortunate situation to MEG workers’ lack of work experience and training [46], their exposure to more risky jobs [82], and the failure of employers to provide them with adequate personal protective equipment [83].



On the other hand, workplace safety standards vary by country. The safety standards in countries where MEG members work are considerably higher than those of their home countries [84]. Thus, compared with locals, MEG workers may have a poor understanding of safety standards, procedures, and risks [41]. As a result, MEG workers may be subject to more corner-cutting and unscrupulous employers, and are more vulnerable to being convinced that unsafe practices are indeed safe due to lack of understanding. Hence, safety instructors should develop specialized trainings for MEG construction employees, and construction employers should provide extra supervision for MEG workers at the jobsite.




4.6. Work Type/Role


After revealing that the ethnicity of workers had no significant impact on the SRA scores of the workers, an independent t-test was conducted to understand the impact of the job role of construction personnel (supervisors vs. workers) on their mean SRA scores for the respective accident causes. A homoscedasticity test showed that the assumption for equality of variances was met for all the SRA scores (p-values ranging from 0.186 to 0.973). The outcome of the analysis showed that job role has no significant impact on the mean SRA scores reported by the workers for all the respective accident causes, with p-values ranging from 0.124 to 0.986. The rest of the statistical output is shown in Table 4.



Construction supervisors are responsible for the management and safety of employees at the jobsite; thus, it is expected that they have a considerably higher SRA score than the workers. The findings of this study, on the other hand, revealed that the frontline workers and supervisors all assessed the risk of common construction accident causes in the same manner. This result is consistent with the findings of Chan et al. [41] that the difference in safety awareness scores between construction managers and their workers is negligible. Moreover, Jazayeri and Dadi [7] posited no statistically significant difference between the risk perception ability of apprentices and safety experts. Compared with construction workers, construction supervisors recorded lower SRA scores across the seven accident causes.



However, Abbas et al. [52] and Hung et al. [25] claimed that supervisors assess safety risks better than construction workers. It was found that relative to this study that considered all states in the United States, Hung et al. limited their study to small companies in two states in the Eastern United States. Abbas et al. compared educated supervisors with foreign and uneducated workers, in which education might be a confounding variable [17,19,51]. The findings of this study reveal that construction workers and supervisors have similar perceptions of safety risks for the accident causes assessed in the present study.



In summary, sociodemographic factors impacted only one of the potential 42 assessments, less than 5% of the assessments. Therefore, the null hypothesis of the present study (sociodemographic factors significantly influence construction fieldworkers’ SRA skills) was rejected in more than 95% of the cases.





5. Conclusions and Future Research


Determining the best approach to assess workers’ ability to perceive risks in the construction industry has been a top concern for safety professionals and academics. Evaluating the influence of sociodemographic factors on construction fieldworkers’ perception of safety risks can assist companies with a diverse workforce to improve their training through focused efforts, thereby ensuring ongoing safety improvement. A detailed literature review and analysis were undertaken in this study to comprehend the submission of previous studies about the influence of demographic factors on SRAs. The review revealed six key sociodemographic factors that could impact fieldworkers’ SRA in the construction research: age, education level, OSHA training, gender, ethnicity, and work type.



Furthermore, the influence of the identified sociodemographic factors on construction workers’ SRA levels was investigated using univariate ANOVA and independent t-tests based upon their assessment of seven accident causes. Results from the analysis suggest that sociodemographic factors did not have a statistically significant impact on a construction fieldworker’s SRA, with the exception of education. Fieldworkers with higher education levels assessed safety risks at a statistically significant higher rate than workers with medium education levels for “step on an object” accident causes.



However, sociodemographic factors had a statistically significant impact on less than 5% of the assessments. Given the limited effect of sociodemographic factors on SRA, it is necessary to investigate other individual traits that might complement sociodemographic factors to provide a fresh perspective on construction fieldworkers’ SRAs. We propose that future studies look at factors that might help practitioners and researchers improve construction workers’ SRAs, such as:




	(1)

	
Workers’ personality traits—These factors have been explored in psychology, health, and management and found to have a significant impact on the SRAs of workers. Specifically, extroversion and conscientiousness traits in individuals have been linked to risk-taking behaviors [39,85,86], and they should be explored further within the SRA domain in the construction industry.




	(2)

	
Workers’ cognitive biases—These beliefs have been reviewed in psychology and engineering-based studies that reveal a significant impact on workers’ perception of safety risks [87,88,89]. Therefore, researchers involved in SRA research within the construction domain should further investigate the role these factors play in workers’ perception of the safety risks of different accident causes.




	(3)

	
Workers’ safety attitudes and behavior—These features explain whether workers are following the path to maintain workplace safety established by safety managers at the jobsite as they go about their daily activities. Moreover, studies have confirmed an association between SRAs and safety behavior [90,91,92]. As a result, future studies should investigate its impact on construction workers’ SRA for the respective accident causes.









Assessing the influence of personality traits, cognitive biases, and other behavioral factors on fieldworkers’ SRA across different construction settings can advance the current state of RP knowledge. Future research should involve an empirical investigation to determine which behavioral factors (e.g., cognitive bias, safety behavior, and personality) have the most profound influence on construction workers’ SRAs.
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Table A1. Levene’s Test Result for the influence of Demographics on Risk Perception.






Table A1. Levene’s Test Result for the influence of Demographics on Risk Perception.





	
Incidents

	
Education

	
Age

	
Gender

	
Ethnicity

	
Work Role

	
Safety Training






	
AC1

	
df1

	
2

	
2

	

	

	

	
2




	

	
df2

	
178

	
178

	

	

	

	
155




	

	
F

	
5.953

	
0.680

	
1.638

	
2.130

	
0.112

	
1.290




	

	
p

	
0.003

	
0.508

	
0.202

	
0.146

	
0.738

	
0.278




	
AC2

	
df1

	
2

	
2

	

	

	

	
2




	

	
df2

	
178

	
178

	

	

	

	
155




	

	
F

	
2.347

	
0.114

	
0.429

	
0.067

	
1.045

	
1.465




	

	
p

	
0.099

	
0.892

	
0.513

	
0.797

	
0.308

	
0.234




	
AC3

	
df1

	
2

	
2

	

	

	

	
2




	

	
df2

	
178

	
178

	

	

	

	
155




	

	
F

	
1.562

	
3.217

	
1.750

	
0.571

	
0.001

	
0.743




	

	
p

	
0.213

	
0.042

	
0.188

	
0.451

	
0.973

	
0.242




	
AC4

	
df1

	
2

	
2

	

	

	

	
2




	

	
df2

	
178

	
178

	

	

	

	
155




	

	
F

	
2.914

	
0.025

	
2.560

	
0.148

	
1.766

	
0.608




	

	
p

	
0.057

	
0.976

	
0.111

	
0.701

	
0.186

	
0.546




	
AC5

	
df1

	
2

	
2

	

	

	

	
2




	

	
df2

	
180

	
180

	

	

	

	
155




	

	
F

	
0.156

	
0.448

	
0.018

	
3.532

	
1.706

	
3.293




	

	
p

	
0.856

	
0.639

	
0.892

	
0.062

	
0.193

	
0.040




	
AC6

	
df1

	
2

	
2

	

	

	

	
2




	

	
df2

	
180

	
180

	

	

	

	
155




	

	
F

	
0.348

	
0.758

	
0.039

	
0.311

	
0.026

	
1.702




	

	
p

	
0.706

	
0.470

	
0.843

	
0.577

	
0.873

	
0.186




	
AC7

	
df1

	
2

	
2

	

	

	

	
2




	

	
df2

	
177

	
177

	

	

	

	
155




	

	
F

	
3.862

	
1.840

	
2.388

	
0.043

	
0.826

	
2.103




	

	
p

	
0.023

	
0.162

	
0.124

	
0.836

	
0.365

	
0.126










Appendix B




[image: Table] 





Table A2. Descriptive Statistical Result of the influence of Demographics on Risk Perception.
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Incidents

	
AC1

	
AC2

	
AC3

	
AC4

	
AC5

	
AC6

	
AC7




	
Demography Factors

	
M

	
SD

	
M

	
SD

	
M

	
SD

	
M

	
SD

	
M

	
SD

	
M

	
SD

	
M

	
SD






	
Education

	
Low

	
10.5

	
4.0

	
9.7

	
4.2

	
11.3

	
4.4

	
13.2

	
4.9

	
10.7

	
4.6

	
11.6

	
4.8

	
9.7

	
4.1




	

	
Medium

	
8.5

	
5.7

	
8.0

	
5.3

	
9.6

	
5.4

	
12.2

	
6.1

	
10.3

	
4.9

	
9.9

	
5.5

	
7.3

	
5.5




	

	
High

	
11.3

	
3.7

	
10.2

	
4.1

	
11.4

	
4.6

	
13.3

	
4.1

	
10.9

	
4.7

	
11.9

	
4.8

	
10.8

	
3.7




	
Age

	
Young

	
9.7

	
4.7

	
9.6

	
4.4

	
10.4

	
5.3

	
12.5

	
5.1

	
9.9

	
5.0

	
11.8

	
4.9

	
8.8

	
5.1




	

	
Middle

	
11.0

	
4.2

	
10.2

	
4.3

	
11.4

	
4.8

	
13.3

	
4.7

	
11.3

	
4.6

	
11.6

	
5.1

	
10.3

	
4.0




	

	
Old

	
9.9

	
3.7

	
8.6

	
4.4

	
11.0

	
3.6

	
13.2

	
4.8

	
9.8

	
4.4

	
11.0

	
4.5

	
9.2

	
4.0




	
Gender

	
Male

	
10.6

	
4.1

	
9.7

	
4.3

	
11.1

	
4.8

	
13.0

	
5.0

	
10.7

	
4.6

	
11.6

	
5.0

	
9.9

	
4.1




	

	
Female

	
10.2

	
4.7

	
9.3

	
4.5

	
11.3

	
3.8

	
14.0

	
3.8

	
10.6

	
4.7

	
11.3

	
4.8

	
9.4

	
4.8




	
Ethnicity

	
Caucasian

	
10.4

	
4.3

	
9.6

	
4.3

	
11.0

	
4.7

	
13.3

	
4.8

	
10.5

	
4.8

	
11.5

	
5.0

	
9.8

	
4.2




	

	
MEG

	
10.9

	
3.8

	
10.0

	
4.5

	
11.6

	
4.3

	
12.4

	
4.8

	
11.3

	
3.8

	
11.5

	
4.6

	
9.7

	
4.1




	
Work Role

	
Supervisor

	
10.1

	
4.2

	
9.3

	
4.6

	
10.8

	
4.6

	
12.4

	
5.2

	
10.6

	
4.2

	
11.2

	
5.0

	
9.8

	
3.8




	

	
Worker

	
10.7

	
4.2

	
9.8

	
4.2

	
11.3

	
4.6

	
13.5

	
4.6

	
10.7

	
4.8

	
11.6

	
4.9

	
9.8

	
4.3




	
Safety Training

	
Low

	
10.1

	
4.1

	
9.3

	
4.5

	
10.7

	
4.7

	
12.9

	
5.1

	
9.9

	
5.2

	
10.9

	
5.3

	
9.3

	
4.3




	
Medium

	
10.4

	
4.5

	
9.4

	
4.7

	
11.1

	
4.8

	
13.4

	
5.0

	
11.0

	
4.7

	
11.9

	
4.8

	
9.7

	
4.6




	

	
Advance

	
11.3

	
3.6

	
10.5

	
3.7

	
12.2

	
4.0

	
13.0

	
4.1

	
11.2

	
3.6

	
12.1

	
4.1

	
10.8

	
3.1








Note: M indicates mean, SD indicates standard deviation.
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Figure 1. Research Process. 
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Figure 2. Work scenario with different hazards. 
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Figure 3. Impact of Age on SRA. Note: AC1 = Slip, trip, or fall on the same level; AC2 = Struck by an object; A3 = Caught-in or -between objects; AC4 = Electrocuted; AC5 = Fall to a lower level; AC6 = Trapped in or between objects; AC7 = Step on an object. 
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Figure 4. Impact of Education on SRA. Note: The bars with * have significant differences between them. AC1 = Slip, trip, or fall on the same level; AC2 = Struck by an object; A3 = Caught-in or -between objects; AC4 = Electrocuted; AC5 = Fall to a lower level; AC6 = Trapped in or between objects; AC7 = Step on an object. 
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Figure 5. Impact of Safety Training on SRA. Note: AC1 = Slip, trip, or fall on the same level; AC2 = Struck by an object; A3 = Caught in or between objects; AC4 = Electrocuted; AC5 = Fall to a lower level; AC6 = Trapped in or between objects; AC7 = Step on an object. 
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Figure 6. Impact of Ethnicity on SRA. Note: AC1 = Slip, trip, or fall on the same level; AC2 = Struck by an object; A3 = Caught-in or -between objects; AC4 = Electrocuted; AC5 = Fall to a lower level; AC6 = Trapped in or between objects; AC7 = Step on an object. 
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Figure 7. Impact of Ethnicity on SRA. Note: AC1 = Slip, trip, or fall on the same level; AC2 = Struck by an object; A3 = Caught in or between objects; AC4 = Electrocuted; AC5 = Fall to a lower level; AC6 = Trapped in or between objects; AC7 = Step on an object. 
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Figure 8. Impact of Work Type on SRA. Note: AC1 = Slip, trip, or fall on the same level; AC2 = Struck by an object; A3 = Caught in or between objects; AC4 = Electrocuted; AC5 = Fall to a lower level; AC6 = Trapped in or between objects; AC7 = Step on an object. 
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Table 1. Summary of the Literature Review.






Table 1. Summary of the Literature Review.





	Source
	Factors Investigated
	Data Analysis
	Method
	Data Collection
	Result





	[56]
	Work Type, Age, Project type
	Frequency Analysis, Logistic Regression
	Archival
	23,057 fall accidents in the United States construction industry
	Roofers recorded the highest number of fall accidents

The most of the falls occurred among the older workers

Most of the falls occurred on low cost residential and commercial projects



	[46]
	Age, Safety Attitude
	hierarchical multiple regression
	Quantitative, Survey
	374 Hong Kong Construction workers
	Age has no impact on the rate of occupational accidents

Older workers had a more favorable safety attitudes than younger workers



	[57]
	Project Type, Fall Protection
	Frequency Analysis
	Archival
	9141 fall accidents in the US construction industry
	The majority of the falls happened on residential construction projects.

Only 11% of the fall accident victims were properly outfitted with fall protection gear



	[14]
	Age, Gender, Education
	ANOVA
	Quantitative, Survey
	532 Chinese construction workers
	Relative to the female workers, Age significantly impact male workers’ RP Education significantly impacts workers’ RP



	[47]
	Age groups, Experience
	Descriptive Analysis
	Quantitative, Archival
	1158 Serbia Injury Reports
	18–34 years workers recorded significantly high injury rate

Young workers with less than 4 years of experience recorded the lowest RP



	[16]
	Age, Education, level, Gender
	RII, ANOVA, t-Test
	Quantitative, Survey
	155 Chinese construction workers
	37–46 years old workers perceived hazards with low frequency to have significantly low severity

Education does not impact Employees’ RP *Gender significantly impact workers’ RP



	[44]
	Age, Gender
	Logistic Regression Analysis
	Quantitative, Survey
	15,144 Denmark general working population
	Young workers experience more occupational accidents

The gender of workers had a significant impact on the likelihood of being involved in an accident.



	[40]
	Training, Nationality
	Cluster Analysis, ANOVA
	Quantitative, Survey
	204 Spain, 213 Peru, and 97 Nicaragua construction workers
	Level of training significantly impact RP of workers

Nationality had no significant impact on RP



	[48]
	Training
	Cluster Analysis; Chi-square test
	Quantitative, Survey
	177 Spanish male Construction workers
	Level of training significantly impact male construction workers’ RP

Majority of the male workers had low RP



	[22]
	Training methods
	Wilcoxon signed-rank test
	Mixed-Method
	84 US AEC Students
	Unlike the Energy-based training module, OSHA training does not significantly improve hazard recognition skills



	[20]
	OSHA 10-hr Training
	logistic regression analyses
	Quantitative, Survey
	250 US construction workers
	OSHA-10 significantly impact workers’ impact workers’ RP



	[23]
	OSHA Training
	Hazard Identification Index
	Quantitative, Survey
	40 US CEM Students
	No significant difference between the effect of the OSHA training and the 360-degree panoramas training



	[9]
	16-hr course training
	Chi-square, Wilcoxon Mann–Whitney test
	Quantitative, Survey
	40 Italian, 28 immigrant construction workers
	The training was effective and may reduce the degree to which cultural and linguistic barriers hinder RP.



	[58]
	Training Methods
	ANOVA, Kruskal–Wallis H-test
	Quantitative, Survey
	49 US project personnel
	High engagement training significantly influence RP



	[55]
	Minority Ethnic Group (MEG), Safety climate
	Binary logistic regression analysis
	Quantitative, Survey
	320 Hong Kong construction workers
	Significant difference between local and MEG workers’ RP

Compared with the supervisors, Frontline workers recorded the lowest safety climate score



	[41]
	Minority Ethnic Groups
	ANOVA and the post hoc Scheffe
	Quantitative
	320 Minority Ethnic Groups
	Ethnicity had a significant effect on the RP of workers



	[42]
	Minority Ethnic Groups
	Factor Analysis
	Quantitative
	527 Italy construction workers
	Perceived behavioral control, Danger perception, Safety climate, Attitude towards safe actions are the factors for evaluating RP of MEG workers



	[19]
	Education; Experience
	Chi-Square Test
	Quantitative
	6355 Iran accidents record
	Uneducated and/or inexperienced workers increase the risk of fatal injuries at the workplace.



	[18]
	Education, Experience
	multiple regression analysis
	Quantitative
	181 South African construction managers
	Education was statistically insignificant with the risk management practices



	[17]
	Education; Age; Training; Work Type
	principal component analysis
	Quantitative
	373 Malawian Construction Workers
	Education and age significantly impacted RP

Gender, professional category, safety training, and safety climate does not significantly impact worker’s RP.



	[23]
	Cross-Culture
	ANOVA
	Quantitative
	40 US and 43 China students
	US subjects reported a significantly high RP than the Chinese respondents



	[51]
	Cross-culture; Education; Training
	risk significance index
	Quantitative
	68 china; 41 Australian construction workers
	Relative to the Australian workers, the Chinese workers attributed low risk to the negative impact of construction activities to the environment

Low level of education/training was a driving factor of safety accidents



	[11]
	Gender; Age; Education
	ANOVA; Multilevel linear regression analysis
	Quantitative
	82 Construction Safety Experts
	Age significantly impact safety experts’ RP *Gender and Education does not significantly impact RP



	[43]
	Gender
	Reliability test; Descriptive statistics
	Quantitative
	100 Hong-Kong Students
	Gender had no significant impact on RP



	[49]
	Gender
	Descriptive Analysis
	Quantitative
	2,150,992 Italy persons
	Male record higher number of repeated accidents than female



	[52]
	Work type
	ANOVA
	Quantitative
	285 Lebanon construction workers
	Personnel position had a significant impact on RP



	[38]
	Work Type
	Regression analysis
	Quantitative
	869 England, 113 Spain, 99 China, 374 Spain
	Differences in safety risk perception at the managerial and workers’ levels



	[25]
	Work Type
	ANOVA tests
	Quantitative
	47 US Construction workers
	Supervisors had a higher RP than their workers.



	[53]
	Work Type
	Content Analysis
	Qualitative/Interview
	18 Australian Construction workers
	Gaps existed between work as imagined by managers and work as performed by workers



	[54]
	Work Type
	Descriptive Analysis
	Quantitative
	141 recordable incidents in the US
	Supervisors recorded low incidents, whereas workers record the high incident.







Note: RP refers to risk perception.
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Table 2. Determination of Safety Risk Perception from Severity and Frequency.
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Injury Frequency (Working Hours)




	
Hazard (Severity Score)

	
Never

(>200,000)

	
Once in 10 Years

(>20,000)

	
Once a Year

(~2000)

	
Once a Month

(~167)

	
Once a Week

(~40)






	
Discomfort/Pain (7.5)

	
3.75 × 10−5

	
3.75 × 10−4

	
3.75 × 10−3

	
0.04

	
0.19




	
First aid (45.25)

	
2.26 × 10−4

	
2.26 × 10−3

	
2.26 × 10−2

	
0.27

	
1.13




	
Medical case (128)

	
6.40 × 10−4

	
6.40 × 10−3

	
6.40 × 10−2

	
0.77

	
3.20




	
Lost work time (256)

	
1.28 × 10−3

	
1.28 × 10−2

	
1.28 × 10−1

	
1.53

	
6.40




	
Fatality (13,619)

	
6.81 × 10−2

	
6.81 × 10−1

	
6.81

	
81.55

	
340.0
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Table 3. Demographic Information of Survey Respondents.
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	Demographics
	Options
	Recoded Options
	Frequency
	Percent (%)





	Age of Workers
	18–20 years and 21–30 years
	18–30 years
	29
	16



	
	31–40 years and 41–50 years
	31–50 years
	109
	60



	
	51–65 years and above 65 years
	51–above 65 years
	45
	24



	Ethnicity
	Caucasian
	Caucasian
	141
	77



	
	Asian, Black or African American, Latino Hispanic, Native American, Native Hawaiian or Pacific Islander, two or more ethnicities
	Minority ethnic groups
	42
	23



	Education
	Less than high school degree, High school degree or equivalent, some college but no degree
	Low Education Level
	100
	55



	
	Associate degree
	Medium Education Level
	22
	12



	
	Bachelor degree, Graduate degree
	High Education Level
	61
	33



	Work Type
	Foremen, and Superintendents
	Supervisor
	57
	31



	
	Carpenter, Equipment operator, Ironworker, Plumber, Mechanical Worker, Electrician, Mason, Other Fieldworker/Tradesperson
	Workers
	126
	69



	Safety Training
	OSHA 10
	Low Training
	104
	43



	
	OSHA 30
	Medium Training
	79
	32



	
	OSHA 500, OSHA 510
	High Training
	60
	25



	Gender
	Male
	
	149
	81



	
	Female
	
	34
	19
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Table 4. ANOVA Result of the influence of Demographics on Risk Perception.
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Incidents

	
Education

	
Age

	
Gender

	
Ethnicity

	
Work Role

	
Safety Training






	
AC1

	
df1

	
2

	
2

	

	

	

	
2




	

	
df2

	
44.424

	
178

	
179

	
179

	
179

	
155




	

	
F

	
2.470

	
1.700

	
0.509

	
−0.594

	
−1.024

	
1.065




	

	
p

	
0.096

	
0.186

	
0.612

	
0.553

	
0.307

	
0.347




	

	

	
N

	
N

	
N

	
N

	
N

	
N




	
AC2

	
df1

	
2

	
2

	

	

	

	
2




	

	
df2

	
178

	
178

	
179

	
179

	
179

	
155




	

	
F

	
1.935

	
2.199

	
0.502

	
0.797

	
−0.712

	
1.022




	

	
p

	
0.147

	
0.114

	
0.617

	
0.826

	
0.477

	
0.362




	

	

	
N

	
N

	
N

	
N

	
N

	
N




	
AC3

	
df1

	
2

	
2

	

	

	

	
2




	

	
df2

	
178

	
80.714

	
179

	
179

	
179

	
155




	

	
F

	
1.251

	
0.597

	
−0.220

	
−0.724

	
−0.696

	
1.458




	

	
p

	
0.289

	
0.553

	
0.826

	
0.470

	
0.488

	
0.236




	

	

	
N

	
N

	
N

	
N

	
N

	
N




	
AC4

	
df1

	
2

	
2

	

	

	

	
2




	

	
df2

	
178

	
178

	
179

	
179

	
179

	
155




	

	
F

	
0.421

	
0.368

	
−1.109

	
1.038

	
−1.544

	
0.164




	

	
p

	
0.657

	
0.692

	
0.269

	
0.300

	
0.124

	
0.849




	

	

	
N

	
N

	
N

	
N

	
N

	
N




	
AC5

	
df1

	
2

	
2

	

	

	

	
2




	

	
df2

	
180

	
180

	
181

	
181

	
181

	
154.153




	

	
F

	
0.108

	
2.331

	
0.147

	
−0.945

	
−0.101

	
1.329




	

	
p

	
0.898

	
0.100

	
0.883

	
0.346

	
0.920

	
0.268




	

	

	
N

	
N

	
N

	
N

	
N

	
N




	
AC6

	
df1

	
2

	
2

	

	

	

	
2




	

	
df2

	
180

	
180

	
181

	
181

	
181

	
155




	

	
F

	
1.202

	
0.276

	
0.296

	
0.069

	
−0.508

	
0.951




	

	
p

	
0.303

	
0.759

	
0.767

	
0.945

	
0.612

	
0.389




	

	

	
N

	
N

	
N

	
N

	
N

	
N




	
AC7

	
df1

	
2

	
2

	

	

	

	
2




	

	
df2

	
46.877

	
177

	
178

	
178

	
178

	
155




	

	
F

	
4.199

	
1.846

	
0.558

	
0.187

	
0.018

	
1.629




	

	
p

	
0.021

	
0.161

	
0.578

	
0.852

	
0.986

	
0.199




	

	

	
Y

	
N

	
N

	
N

	
N

	
N








Note: df indicates Degree of freedom, F indicates the F-statistics score, p indicates the significant value. Y indicates the demographic factor has a significant effect on SRA of the accident cause, whereas N indicates no significant effect. AC1 = Slip, trip, fall on same level; AC2 = Striking against an object; A3 = Caught between; AC4 = Electrocution; AC5 = fall to lower level; AC6 = Trapped in/between objects; AC7 = Stepped on object.
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