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In the field of construction safety, many researchers have worked to 

create assessment tools. These tools focus on different aspects of 

construction safety, such as assessing safety climate, safety culture, 

etc. Although research indicates that the majority of incidents are 

caused by unsafe behaviors and acts, there are no comprehensive 

tools for assessing the potential safety performance of field 

employees. Knowledge about employee’s safety performance is not 

known to the company before employees start work; thus, such a tool 

would help to prevent injuries. 

This thesis describes a research effort to develop a safety 

assessment tool and framework to provide information to companies 

with regards to their employees’ knowledge. The tool focuses on 
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mechanical and electrical construction contractors and was developed 

using a comprehensive literature review, field surveys, and analysis of 

personal demographic factors, risk perceptions, hazard identification, 

and safety knowledge. 

The field survey had four different sections that captured 

demographic factors, risk perceptions, hazard identification, and safety 

knowledge. Using a survey methodology, a Likert scale was used to 

measure employees’ perception of the effects of different factors. The 

average frequencies of four severity categories were obtained for 

eleven mechanical trade-related and eleven electrical trade-related 

risk scenarios. Employees were asked to identify hazards depicted in 

picture scenarios and answer safety knowledge questions. Input was 

provided by mechanical and electrical trade field employees, 

managers, engineers, and safety professionals. More than 6,500 data 

points were obtained from the surveys.  

The analytical section included response processing that 

converted the ratings obtained from surveys into unit risks, calculated 

hazard indices, and graded safety knowledge test questions. The unit 

risks were calculated for each of the scenarios based on the incident 

analysis, which was conducted on more than 1,500 OSHA incident 

records for mechanical and electrical trades.  
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The data was used to create the weighing for each of the 

sections in the tool. Moreover, the perceptions among different survey 

participant groups were compared in each of the main categories. The 

respondents and expert panel’s responses were also compared. The 

results indicated that there are some differences between the 

perceptions of different groups.  Job Security, Job Level, and Job 

Number showed the highest number of differences among categories. 

On the other hand, except for few risk measures, no appreciable 

differences were observed for risk variables within each demographic 

factor. Contrary to risk variables, differences were observed within 

Age, Experience, Job Level, Job security, Local Traveler, and Union 

Status for the Average Hazard Identification. This relationship may be 

used to improve occupational safety. Education and Length of Service 

were among the demographic factors that showed a relationship with 

test score.  In most cases, the expert panel and the survey 

participants had the same perceptions about the impact of personal 

variables, risk factors, and hazard identification on the safety 

performance. 

Finally, the researcher compared the ranking of risk scenarios 

based on unit risk between OSHA records and survey participant 

responses. A moderate correlation was found between them.   
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1. Introduction 

Although construction worker safety has improved since establishment 

of the Occupational Safety and Health Administration (OSHA), it has 

not seen any significant improvement in the past decade. The industry 

has understood that even with safety management systems in place, 

incidents can still happen. It is apparent through research that field 

employees are ultimately the workers making decisions regarding the 

actions taken in the field, thus, rendering them as one of the key 

elements of safety on job sites. However, most of the safety 

assessment tools available for contractors are focused at the project 

level. When it comes to the workers, contractors have a limited 

number of tools available, such as behavior observations, to make 

safety assessments. 

The primary objective of this thesis was to create an assessment 

tool for construction companies that focus on individual attributes of 

the person regardless of the site and work conditions. This tool will 

ultimately provide contractors with measurable criteria that can be 

used to correlate their incident trends. In order to achieve this 

capability, a tool based on personal factors, safety knowledge, hazard 

identification, and risk perception of activities was created. This 
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research also provided an opportunity to investigate the relationship 

between each of these factors and the different demographic groups in 

the construction industry. 

1.1  Research Questions 

The following research questions were established to guide the study 

and achieve the research objective mentioned above: 

1. Are there comprehensive commercial or academic tools available 

to assess the expected safety performance level of current and 

prospective field employees? 

2. What are the personal factors that influence a worker’s safety 

regardless of outside conditions? 

3. What are the personal demographic attributes that affect a 

worker’s safety?  

4. How can hazard identification and risk perception of employees 

be objectively evaluated? 

5. What are the frequency and probability of incident causes for 

specialty trade contractors? 

6. Are there any correlations between safety knowledge, hazard 

identification, and risk perception of employees? 
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7. Do personal demographic factors affect the safety knowledge, 

hazard identification, and risk perception of employees? 

8. Do workers in the construction industry have a higher or lower 

risk perception of activities compared to the actual risk of 

injuries recorded by OSHA? 

 

1.2 Organization of the Thesis 

In this thesis a section-subsection formatting organization was used. 

The thesis has seven sections and the following describes each section 

briefly: 

 Section 1 - Introduction 

o The research topic is presented and research questions are 

discussed. 

 Section 2 – Literature Review 

o A comprehensive review of the related literature was 

conducted as part of the research study and is presented 

in this section. Injury statistics in the construction industry 

are presented, followed by the history of OSHA and other 

occupational safety movements. Then, safety assessment 

tools currently available commercially or academically in 
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the construction industry is presented and reviewed. 

Consequently, the research gaps and need for the current 

study are demonstrated. 

 Section 3 – Methodology 

o The research methodology utilized to conduct the study is 

shown in this section. Development of surveys, data 

collection, and the expert panel created for the study are 

discussed. 

 Section 4 – Results 

o This section presents the responses and data obtained 

from the surveys. Data processing and preparation for the 

analysis is shown. Furthermore, the data obtained from 

OSHA is presented and prepared for the comparison with 

the survey responses. 

 

 Section 5 – Analysis and Discussion 

o In this section, the analyses of the obtained data and the 

results are discussed.  

 Conclusion 
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o This section presents the conclusions that can be drawn 

from the research. Moreover, limitations and future 

recommendations are given as well. 

A process flowchart for this research is presented in Figure 1.1. 

 

Figure 1.1 Research Process Flowchart 
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2 Literature Review 

Research on construction safety has been conducted in many different 

areas. Prevention through design (e.g., Gambatese et al. 2014), 

impact of regulations on safety (e.g., Mohan and Niles 2002), 

responsibility of the different stakeholders in safety (e.g., Huang and 

Hinze 2006), safety behavior (e.g., Tam and Fung 2011), and safety 

risk (e.g., Hallowell and Gambatese 2009) are examples of various 

research areas in construction safety management. 

The goal of this section is to answer the first research question 

presented in the Introduction to meet the research objectives: “1. Are 

there comprehensive commercial or academic tools available to assess 

the expected safety performance level of current and prospective field 

employees?” 

In order to answer this question, a comprehensive literature 

review of academic and commercial sources was conducted. For 

commercially available literature, a general search of the Internet with 

keywords such as safety assessment tool, worker’s safety assessment 

tools, safety evaluation tool, construction safety assessment, 

evaluating workers safety assessment, measuring worker’s safety, and 

safety measurement tool was conducted. Moreover, the author asked 

safety professionals who are personal contacts of the author about 
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available tools that they know of which match the goals of this study. 

The author then further investigated those tools identified and 

suggested. In the academic literature, the above-mentioned keywords 

were used to search in the following databases and search tools: 

 Engineering Index (Compendex), which covers a variety of 

engineering fields 

 Web of Science (Science Citation Index, SCI), which is a 

multidisciplinary database 

 American Society of Civil Engineers (ASCE) Library 

 Oregon State University Library “1Search” 

 Google 

 Construction safety related books (e.g., Construction Safety by 

Hinze 2006) 

Furthermore, these searches resulted in finding articles and 

publications in different journals such as the ASCE Journal of 

Construction Engineering and Management, ASSE’s Professional 

Safety, Building and Environment, Expert Systems with Application, 

etc. 

The literature review is organized to first describe the incident 

statistics in the construction industry in order to emphasize the need 

to focus on improving safety. Next, the history of safety in the 
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workplace and regulatory bodies are explained, as these regulatory 

organizations are used as a baseline throughout the current research. 

This literature is then followed by a summary of related research from 

both academic and commercial perspectives. Lastly, the research gaps 

and need are discussed to accentuate the importance of the current 

study. 

The goal of this review is to identify our current understanding of 

the research topic and the construction safety assessment tools, and 

determine where additional research is needed. 

2.1 Construction Industry Injuries and Fatalities 

The construction industry has been identified as one of the high risk 

industries in the US and around the world. Although there has been 

extensive focus on construction safety, construction accounted for 

16.5% to 22.2% of the total number of fatalities in all industries from 

2003 to 2011 (Figure 2.1). Figure 2.1 illustrates that the percentage of 

fatalities in construction has decreased during the past decade. 

Despite this fact, construction still remains as one of the top five high 

fatality industries. As can be seen in Figure 2.2, the construction 

industry has the fourth highest fatal work injury rate, albeit it ranked 

second in the number of fatalities (Figure 2.3). In the non-fatal 
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category, the construction industry has had high injury rates and 

regularly has one of the six highest injury incident rates among private 

industry divisions as shown in Figure 2.4 (OSHA 2013a).  

 

Figure 2.1Percentage of fatalities in the construction industry compared with all 
industries (OSHA 2013a) 
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Figure 2.2 Comparison of fatality rates among different industry sectors in 2011 

(OSHA 2013a) 
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Figure 2.3 Comparison of fatalities among different industry sectors in 2011 (OSHA 
2013a) 
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Figure 2.4 Injury incident rate in different private industry sectors (OSHA 2013a) 
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2.2 History of Occupational Safety 

In the industrial revolution era, employees bore the responsibility for 

their injuries due to the following reasons: employees were aware of 

the hazardous nature of jobs, the worker’s actions contributed to the 

incident, and the employer was not involved in the precipitation of the 

incident. These reasons are known in common law sense as 

assumption of risk, contributory negligence, and the fellow worker 

doctrine. In the early twentieth century, these laws were eventually 

augmented with worker’s compensation laws that placed liability for 

worker injuries on employers (Hinze 2006). 

         The first legislation regarding occupational health and safety in 

the United States goes back to 1877 when the State of Massachusetts 

passed a law requiring the guarding of equipment and fire exits in 

factories. Detailed studies on occupational injury and fatality incidents 

were conducted and first published by the Bureau of Labor in 1903. 

The Bureau of Labor Standards, founded in 1934, was the first federal 

agency created to mainly endorse occupational health and safety for 

American workers. The Occupational Safety and Health Administration 

(OSHA) came to life on April 28, 1971 when the Occupational Safety 

and Health Act (OSH Act) became effective. The OSH Act was signed 

into law on December 29, 1970, after a century of endeavors to 
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improve occupational safety. Two other independent agencies along 

with OSHA were established with the passing of the OSH Act: the 

National Institute for Occupational Safety and Health (NIOSH) and the 

Occupational Safety and Health Review Commission, which are the 

research and the administrative trial and appellate review entities, 

respectively. OSHA focused on five industries in the early years: 

marine cargo handling, sheet metal and roof work, the meat products 

industry, transportation equipment, and wood products (OSHA 2009). 

         Since the signing of the OSH Act in 1970 until 2009, 

occupational fatalities have reduced by approximately 69% and serious 

injuries reduced by approximately 67% (OSHA 2013c). 

2.3 Safety Assessments 

This part provides reviews of the available assessment tools in both 

academic and industrial fields. The following review presents the 

assessment tools. 

2.3.1 Industry Perspective 

The Occupational Safety and Health Administration (OSHA) is the 

regulatory organization for safety in construction. OSHA determines 

and enforces the minimum means and methods required for ensuring 
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safety of workers on construction sites, e.g., 29 CFR 1926 Safety and 

Health Regulations for Construction. All construction companies must 

adhere to the regulations. Most of companies consider the OSHA 

regulations as the baseline (i.e., the minimum requirements). 

However, regarding safety assessment tools, OSHA only provides sets 

of questions to verify whether an employer is meeting the minimum 

safety requirements. The following discussion enumerates and 

describes several assessment tools that are currently utilized by the 

construction industry. The researcher used verbal interviews with 

industry professionals (safety managers, safety engineers, risk and 

safety directors, risk managers, project managers, and project 

engineers who are personal contacts of the researcher), and the 

expert panel (described in section 3.1), and a web search, to identify 

the tools. 

 OSHA 

OSHA states its mission as providing safe work environments for 

employees by setting safety standards and providing means and 

methods in this direction (OSHA 2013c). According to OSHA (2013b), 

there are three methods for assessing the effectiveness of safety and 

health programs; these are document checking, interviews, and 

checking the site conditions for hazards. OSHA monitors these three 
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methods in different aspects of safety programs such as leadership 

and participation, hazard prevention, safety training, and site analysis. 

Lists of these questions are available online for companies to view 

(OSHA 2013b). A sample of these questions is given below for more 

clarification (adopted from OSHA 2013b):  

“ASSIGNMENT OF RESPONSIBILITY” in leadership and 

participation section:  

1. Documentation  

Are responsibilities written out so that they can be clearly 

understood?  

2. Interviews  

Do employees understand their own responsibilities and 

those of others?  

3. Site Conditions and Root Causes of Hazards  

Are hazards caused in part because no one was assigned the 

responsibility to control or prevent them?  

Are hazards allowed to exist in part because someone in 

management did not have the clear responsibility to hold a 

lower-level manager or supervisor accountable for carrying out 

assigned responsibilities?   
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From these questions it is derived that the purpose is to provide 

a checklist for safety evaluators to assess the overall safety of 

construction work. The questions are not worker specific. It should be 

noted that OSHA provides guidelines for safety procedures. However, 

the guidelines are only knowledge-based and do not address other 

factors that affect the safety of individual workers such as behaviors, 

risk taking, etc.   

 ConstructSecure 

Developed by the Environmental Safety and Health Department of 

Harvard University, this tool was initially created for the construction 

purposes of the university as a means to evaluate the safety 

performance of bidding contractors. Due to its success, it is now 

commercially available as a tool for other companies as well. This tool 

has some well-known clients such as Skanska, Turner, MIT, and 

Harvard (ConstructSecure 2013a).  

ConstructSecure utilizes a company’s Experience Modification 

Rating (EMR) along with the company’s safety documents, historical 

data, OSHA citations, insurance documentation, and the safety 

management system of subs in order to produce a safety rating of the 

potential contractor. An example of the output of this tool is shown in 

Appendix A (ConstructSecure 2013a, b). 
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 SafetyInfo 

As a safety oriented company, SafetyInfo represents a typical safety 

provider company in this field. SafetyInfo provides many services to 

other companies regarding safety. This company uses the OSHA 

guidelines and regulations to assess safety on a job site. For instance, 

questions are asked regarding the OSHA ladder regulations and how 

much a ladder should be extended on top or whether it needs to be 

tied off or not (SafetyInfo 2013). This company also provides safety 

quizzes for workers in order to assess their knowledge regarding 

safety procedures. For example, a simple question might ask about the 

evacuation actions to be taken in case of an emergency (SafetyInfo 

2013).  A sample quiz adopted from SafetyInfo (2013) is available in 

Appendix B. 

 ISNetworld 

ISNetworld is a contractor management tool. It assesses contractors 

based on the following criteria: safety, insurance, quality, and 

regulatory information. ISNetworld provides a streamlined tool for 

hiring clients to assure their performance according to any of the 

mentioned criteria. This assessment tool benefits hiring clients such as 

owners in the construction industry by helping to make sure 

contractors meet and maintain the standards required by owner and 
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regulations.  ISNetworld is based on a database used by the ISN 

company to keep track of the information required by hiring clients. 

The data in the database is provided by individual contractors seeking 

to work with the clients. Management system questionnaires, health 

and safety programs, injury records, audit results, insurance 

certificates, and workers’ compensation and insurance rates are some 

of the information that are tracked for each contractor. This tool also 

provides some analysis based on safety data and statistics (e.g., 

recordable incident rate) for clients and contractors such as 

benchmarking in the industry and tracking site and company statistics 

(ISN 2014). 

 PICS 

PICS, which is also a contractor assessment tool, focusses more on 

supply chain management. PICS helps owners and hiring clients to 

implement and maintain a simplified prequalification process. PICS 

uses an audit system to assess a contractor’s safety performance. 

PICS covers areas such as policy and procedures, documentation, 

training, equipment inspections, and field audits. PICS is an 

assessment tool that is useful for contractors. It focuses on identifying 

the gaps that contractors have in comparison to the client’s and 

owner’s needs (PICS 2014). 
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 PEC 

PEC is also a contractor assessment tool similar to some of the above-

mentioned tools. This particular tool uses a standardized safety 

questionnaire to gather a contractor’s safety-related information. It 

also gathers safety documentation such as OSHA logs, EMR 

information, safety manuals, etc. This tool provides a customized 

ranking and scoring ability for the client to assess the contractor’s 

safety performance based on the client’s customized criteria (PEC 

2014). 

 Predictive Solutions 

Unlike the aforementioned tools, Predictive Solutions takes a different 

approach to assessing safety performance for contractors and owners. 

Predictive Solutions uses observation data and audits to predict the 

possibility of an injury. This tool uses previous incident and 

observation data (about a hundred million data points) to find the 

relationships between observation data and incidents. These 

observations include behavioral observations such as at-risk behaviors, 

construction site data (audits and inspection), job hazard analysis, risk 

management plan, incident analysis, and accountability (Predictive 

Solutions 2014). 

 



 21 

 
 Other industry tools 

Other than the tools discussed above, most companies use some sort 

of auditing and inspections to assess safety on their job sites. The 

researcher used some of these tools, which were usually developed in-

house based on recommendations from OSHA, during his internships 

with two different companies to assess the safety of the jobsite, 

contractors, and sub-contractors.  These tools, such as Key 

Performance Indicators (KPI) and weekly jobsite audits, focus on 

safety elements of jobsites to assure safe working conditions. Some 

audit tools like the KPI audit are utilized by construction companies 

which analyze the sites much more meticulously than weekly 

inspections to ensure all elements of the company’s safety policy are 

met on the jobsites. Copies of these audit tools are available in 

Appendix C. 
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2.3.2 Academic Perspective 

Much research has been published in the literature regarding safety 

assessments. The literature can be organized into three categories: 

assessing safety culture, assessing safety climate, and other safety 

assessments. A review of the literature in these categories that is 

relevant to the present study is provided below. 

2.3.2.1 Safety Culture Assessment 

The concept of safety culture has existed since the 1980s (Kun et al. 

2011). There have been many definitions of safety culture developed 

and discussed in the literature (Boughaba et al. 2014). The multitude 

of definitions is due to the complex and intangible aspects of safety 

culture (Lee and Harrison 2000). For instance, the definition of safety 

culture presented by The Advisory Committee on the Safety of Nuclear 

Installations (ACSNI) that was adopted for previous research (Lee and 

Harrison 2000) is: 

“The safety culture of an organization is the product of individual 

and group values, attitudes, perceptions, competencies, and 

patterns of behavior that determine the commitment to and the 

style and proficiency of an organization’s health and safety 

management.” 
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Due to the implicit and broad definitions of safety culture, 

measuring safety culture has been a complex task. This section 

summarizes some of the safety assessments that were developed in 

the literature. 

Lee and Harrison (2000) surveyed employees of three nuclear 

power plants with a twenty-item questionnaire. This survey covered 

the following eight domains: confidence in safety, contractors, job 

satisfaction, participation, risk, safety rules, stress, and training. The 

research showed that the survey instrument could be practically 

implemented to assess the safety culture of the sites. 

Grote (2007) investigated the role of safety culture assessment with 

regards to organizational uncertainty management. Grote (2007) 

suggested that a pre-assessment of methods used to manage 

uncertainties and their fitness to types of encountered uncertainties 

should be conducted. This pre-assessment influences the function and 

significance of safety culture assessment. 

A safety assessment tool for petroleum organizations was 

developed by Kun et al. (2013) using a fuzzy model. The assessment 

encompassed safety material, behavior, system, belief, and 

persistence, and openness of safety in the assessed enterprise. Using 

the fuzzy model, the cultures of three companies were assessed and 
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ranked. Similar to the above-mentioned method, Kun et al. (2011) 

used indicators and an index system to assess the safety culture of 

coal mines with a fuzzy model. The six main indicators in this system 

incorporated the following areas: management participation, 

organization commitment, education and training, rewards and 

punishment system, and reporting system. 

Boughaba et al. (2014) examined the correlation between safety 

culture and safety performance in petrochemical companies. A survey 

was conducted as part of this research to measure the safety culture. 

The survey focused on the following elements: safety policies, safety 

rules and procedures, incentives, safety managers’ attitude and 

behavior, training, communication, and employees’ involvement. 

Molenaar et al. (2009) developed a framework to quantify a 

company’s safety culture and its relationship to the safety performance 

of the company. In order to assess safety culture, the researchers 

used a questionnaire that focused on safety commitment, 

accountability, incentives, disincentives, and sub-contractor 

involvement. These safety culture factors were identified as indicators 

of a construction company’s safety performance. 
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2.3.2.2 Safety Climate Assessment 

In this section, a review of the literature that focuses on assessing 

safety climate in work places is described. Safety climate was 

presented by Zohar (1980) as a shared perception of the employees 

concerning the value of safety in an organization (Huang et al. 2007). 

However, similar to safety culture, safety climate has been defined 

using a variety of the definitions in the literature, and in some cases it 

even overlaps with safety culture (Milijic et al. 2014), thus rendering 

the measurement of the safety climate difficult.  

Milijic et al. (2014) compared the safety climate of different 

industries in Serbia. This research also measured the correlation 

between a worker’s personal demographics and safety climate. To 

compare the safety climates among industries and different 

demographic groups, a questionnaire was developed and used to 

assess and quantify safety climate. The questionnaire focused on the 

following seven key indicators: safety awareness and competency, 

safety communication, organizational environment, management 

support, risk judgment and management reaction, safety precautions 

and accident prevention, and safety training. 

Brondino et al. (2012) created a model to demonstrate the 

correlations between different levels of safety climate (Organizational, 
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Supervisor, Co-workers) and safety performance. Each of the climate 

levels was assessed by using a questionnaire based on a seven point 

scale. The questionnaires were organized according to different focus 

areas. The safety climate questionnaire for an organization targets 

safety communication, training, values, and systems. The supervisor’s 

safety climate questionnaire focuses on two domains: supervisor 

efforts to improve safety, and supervisor reactions to worker 

behaviors. Lastly, the safety climate of co-workers questionnaire 

assesses four different areas: safety communication, mentoring, 

values, and systems.  

A research study was conducted by Haung et al. (2007) to 

examine the correlations between work shift, perception of injury risk, 

injury frequency of the company, and safety climate. In order to 

assess the safety climate of the company, the researchers used a 

questionnaire containing questions utilizing a Likert scale. The survey 

focused on the following domains:  management commitment to 

safety, quality of return-to-work policies and post-injury 

administration, and safety training. Responses from employees were 

averaged to quantify the safety climate of the company. 

The Nordic Safety Climate Questionnaire (NOSACQ-50) was 

developed to assess and measure safety climate at different levels 
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within an organization or an industry, such as a measurement of 

climate between different groups within a company, or the differences 

of climates between industries.  The assessment tool consisted of 50 

questions that were focused on two areas: perceptions of employees 

on management and on workers. The perception questionnaire for the 

first domain consisted of management safety priority, commitment, 

competence, safety empowerment, and safety justice. The second 

area of the perception survey consisted of employees’ safety 

commitment, priority, communication, learning, and trust in co-

workers’ safety competence and the effectiveness of safety systems 

(Kines et al. 2010). 

2.3.2.3 Other Assessment Tools 

Ng et al. (2005) created a framework to assess the safety performance 

of construction companies. Using this framework the researchers 

assessed the safety performance at two levels, project level and 

organization level, and calculated an overall company safety 

performance score by combining the scores from each level.  At the 

project level, the following seven factors were included: project level 

management commitment, management of hazards, implementation, 

training and information, emergency planning, incident management, 
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and safety audits and reviews. At the organization level, the 

framework measures the following six factors: commitment of 

management, training, subcontractor management, safety audits and 

reviews, incident records, and safety regulations.  As the first step to 

create the framework, these factors were ranked for each level. For 

the second step, sub-factors were developed and their level of 

importance was determined through a survey. The assessment model 

consisted of utilizing weighted scores to determine the performance 

index. Consequently, the final safety score was calculated by adding all 

of the performance index scores of the factors at each level. 

Beriha et al. (2012) incorporated a fuzzy logic approach in 

assessing the safety performance of industries. In this method, 

expenses related to different aspects of safety in each industry were 

focused on in comparison to the injury incident rate. The expenses 

were enumerated in the following groups: health care, safety training, 

upgrading health and safety tools and processes, and safety 

equipment. The output for the fuzzy model was accident rates. The 

accidents were organized into the following five categories: no 

disability-no lost day, no disability-lost day, temporary disability, 

permanent partial disability, and permanent full disability or fatality. 

The study resulted in a tool created to help industry leaders make 
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more informed decisions in regards to expenses in various aspects and 

their correlation to incidents. 

Li et al. (2011) created a visual interactive safety assessment 

tool to assess employees. This tool was used to evaluate an 

employee’s knowledge of unsafe conditions, unsafe work behaviors, 

and unsafe work methods in order to track down an employee’s 

deficiencies related to safety knowledge. In this tool a virtual 

environment was created that allowed users to be assessed in a virtual 

environment based on their choices. When the individual taking the 

test in the virtual environment gets a certain weighted score of wrong 

answers, they fail the test. The researchers in this study weighted 

each question only based on the severity of the injury addressed in the 

question: minor injury, serious injury, and fatality.  

Hao and Lili (2010) developed a safety assessment tool for 

construction sites using an index system and a fuzzy and artificial 

neural network. In order to evaluate the performance of a project site 

with regards to safety, an index system was developed that consisted 

of six primary factors and 25 sub-factors. The primary factors included 

in this study were: safety production, safety management on site, 

education publicity, life and health, labor protection, and sub-

contractor management.  
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A hybrid assessment tool was developed by Zhou et al. (2014) for 

accidents on high risk hydropower construction projects. This 

assessment tool was comprehensive because it incorporated human 

factors and risk behaviors in the model using four different layers 

involved in construction accidents: enterprise influence, safety 

management, field work related factors, and construction personnel 

unsafe acts. These layers were then indexed to 18 sub-factors in total. 

The model created utilized the decision-making trail and evaluation 

laboratory method, and the analytic network process, to weight the 

indices. 
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2.4 Research Gaps and Needs 

As presented in the preceding sections, previous safety studies and 

commercial tools for safety assessments have primarily focused on 

creating a system to evaluate the safety performance of companies at 

the organizational and project levels. Although some of these tools has 

been developed and are used commercially, very few studies (Li et al. 

2011; Zhou et al. 2014) have been conducted to develop a system to 

comprehensively assess individual employees. Zhou et al. (2014) 

placed emphasis on a comprehensive assessment tool since all of the 

factors were correlated together and altering one factor could result in 

the modification of others. Li et al. (2011) discussed the difficulty of 

managing the safety of all workers simultaneously with limited 

contractor staff to do so, thus relying on workers as the last resort to 

manage safety.  

The present research study focuses on developing a framework to 

assess the safety performance of field employees comprehensively. 

The framework will serve construction companies as an enhanced tool 

to evaluate their employees with regards to safety. In the construction 

industry, contractors often have limited information regarding safety 

prior to the start of a project (Li et al. 2011). This framework will 

address the factors that will affect an individual’s safety performance 
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regardless of the project or external conditions (for instance, 

management or peer pressure), giving more information to the 

employer before the start of the project, and before the worker begins 

working on the project. As will be discussed in the methodology 

section, there have been individual research studies on some of these 

factors; however, no study has been conducted that considers the 

factors simultaneously. The present research study fills the gap by 

considering all of the internal factors in one model and provides a 

quantitative assessment tool to capture these factors.  
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3 Research Methodology 

The objective of this section is to answer the following research 

questions: 

 What are the personal factors that influence a worker’s safety 

regardless of outside conditions? (Question 2) 

 What are the personal demographic attributes that affect a 

worker’s safety? (Question 3) 

 How can hazard identification and risk perception of employees 

be objectively evaluated? (Question 4) 

In order to answer these questions, a literature review targeting 

each of the factor categories was conducted, and a survey was 

conducted to capture the required information from the workers. The 

process to conduct the survey to assess the safety performance of the 

employees is thoroughly explained in this chapter. The flowchart 

shown in Figure 3.1 summarizes the process and flow of the research. 
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Figure 3.1 Methodology process and flow 
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3.1 Expert Panel 

An expert panel was included in this research in order to incorporate 

professional opinion and experience when designing the survey 

questionnaire. Also, the expert panel’s responses to the survey 

questionnaire were compared with those of the field employees and 

with the analysis of OSHA records. The expert panel consisted of four 

safety managers, one safety director, one coordinator, and one high 

level manager involved with safety committees in Pacific Northwest 

companies with whom the researcher had personal contact. Since the 

tool is developed for mechanical and electrical trades, panel members 

were chosen based on their experience with mechanical and electrical 

trades and their employment with several companies on different 

project types (e.g. commercial buildings, residential, industrial, etc.) 

related to mechanical and electrical field. One of the safety managers 

were selected from a general contractor in order to obtain input from a 

general contractor’s perspective as well. The rest of the panel 

members were selected from a design-build operate and maintain 

company in the mechanical and electrical trade. Although it might be 

argued that selecting majority of expert panel from same company 

could create bias, the current research is focused on factors with 

regards to individuals and not the external factors. Moreover, the 
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members have been working with different companies in the Pacific 

Northwest with a variety of backgrounds (trade field employee, loss 

control manager, etc.). Thus, the expert panel selected seems 

adequate for the purposes of this research. 

The following questions were asked of the expert panel with regards 

to their background: 

1. Number of years working in the construction industry 

2. Number of years working in safety 

3. Certifications in safety and/or construction 

4. Types of companies worked for (GC, specialty, etc.) 

5. Types of work their companies have completed (mechanical, 

electrical, etc.) 

6. Types of projects on which they have worked (commercial, 

residential, industrial, manufacturing, etc.) 

7. Have you supervised workers who are in the field and exposed to 

safety hazards? 

Table 3.1 presents a summary of the responses to the questions from 

the expert panel. 
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Table 3.1 Expert panel’s responses 
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management 
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manager 
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Managers 

 

  



 38 

 

3.2 Influence of Personal Factors on Safety 

The objective of this section is to answer research question #4 where 

the personal factors that affect the safety of the workers are 

determined. In order to determine these factors, a literature review 

was initially conducted, which is described below. Following the 

discussion of the factors, the process to create the survey used to 

capture the influence of each of the factors is discussed. 

           Bosak et al. (2013) studied the correlation of risk behavior with 

factors such as age, function (maintenance and production), contract 

type (permanent and temporary), and service length in a chemical 

manufacturing organization in South Africa. Although there was a 

significant negative correlation of age with risk behavior, and 

significant positive correlation of function with risk behavior, these 

correlations were small (-0.09 and 0.12). However, when the 

researchers used multiple regression models including management 

commitment to safety, safety priority on plant, and pressure for 

production and their interactions as predictor variables, and age, 

function, contract type, and service length as control variables, with 

risk behavior as the dependent variable, they found a significant 

positive standardized partial regression coefficient (0.13) in all models. 

http://www.sciencedirect.com/science/article/pii/S0001457513000638
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         Contact type was only significant in one model (0.08). When the 

model included only the control variables, the regression coefficients 

were as follows: age (-0.16), function (0.10), and service length 

(0.15). 

         Siu et al. (2003) investigated the relationship of age with safety 

performance (accident rates and occupational injuries) among Hong 

Kong construction workers (n=344, composed of 366 male and 8 

female workers) using a Chinese version of the Safety Attitude 

Questionnaire. Age, age squared, and tenure were entered in the 

regression model, using safety performance (accident rates and 

occupational injuries) as the dependent variable, to investigate the 

effects of tenure and age. Accident rates were not associated with age. 

However, two safety attitudes (housekeeping and safety equipment; 

and management/supervisor encouragement and support) were 

related to age, and older workers had more positive attitudes towards 

safety. When age, age squared, and tenure were entered in the 

regression model, using safety performance (accident rates and 

occupational injuries) as the dependent variable, the effects of tenure 

and age were not significant. On the other hand, a curvilinear 

relationship was observed between age and occupational injuries when 

12 safety attitude subscales were included in the model (Hierarchical 
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multiple regression procedure). The occupational injuries increased 

with age at first and then declined making a U-shaped curve. 

Furthermore, after controlling age and tenure in the multiple 

regression model, some attitude scales (pressure from 

management/supervisor, team leader practice, and team leader 

knowledge with the safety system for the accident rates; and level of 

safe working behavior for the occupational injuries) predicted safety 

performance.  

         A study was carried out by Vinodkumar and Bhasi (2009) to 

determine the factors affecting the safety climate in the chemical 

industry in Kerala, India. In the study, a questionnaire was distributed 

among 2,536 employers of eight major accident hazard industrial 

units. The population consisted of workers and first line supervisors at 

the lowest end of the management personnel. One objective of the 

study was to assess the relationship of safety climate with personal 

characteristics such as age, experience, qualification, and job 

category.  The researchers grouped the workers based on age (up to 

35 years, between 36 and 50, and above 50 years), education level 

(up to 10th standard, above 10th standard and up to degree, and 

degree and above), work experience (10 years, 11-20 years, and 

above 20 years), and job category (supervisory staff and workmen). 



 41 

 
         One way analysis of variance (ANOVA) showed significant 

differences among age groups and also among experience groups for 

the employees’ perception of four safety climate factors (management 

commitment and actions for safety, workers’ knowledge and 

compliance to safety, workers’ participation and commitment to safety, 

and risk justification). Significant differences were found among 

qualification groups for all factors (except safeness of work 

environment and risk justification), and between two types of jobs for 

all factors (except workers’ participation and commitment to safety 

and risk justification). The results showed that factor scores reduced at 

first and then increased with age and experience. Age and experience 

were highly correlated (r= 0.86, p<0.01). Vinodkumar and Bhasi 

stated that “it is not possible to say whether it is the age that 

influences the factor scores or the length of experience in the 

company”. The younger and less experienced group had higher factor 

scores than the middle group.  The researchers indicated that the 

younger group and those with shorter tenure behave positively toward 

safety attitudes. Furthermore, the improvement observed in the older 

group can be attributed to their experience. There was a positive 

relationship between factor scores and qualification because the highly 

qualified workers may be more responsive to safety rules and 
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regulations. Finally, supervisors had better scores than the workmen 

because the supervisors enforce safety rules. 

         Zhou et al. (2008) conducted a survey of more than 4,700 

employees in a large construction firm in China to establish a safety 

climate model based on a Bayesian network (BN) model. The analysis 

showed that safety climate factors may have a larger effect on safety 

behavior than personal experience factors. However, the researchers 

concluded that joint control of both safety climate factors and personal 

experience factors can be regarded as a more effective strategy.  

         Villanueva and Garcia (2011) conducted an analysis of data from 

the Spanish Social Security administration (Ministry of Labor) about 

occupational injuries registered in Spain in 2001 for different industries 

such as the construction, agriculture, and fishing sectors. The risk of a 

fatal accident was assessed with age and work shift time. In addition, 

the risk was evaluated for gender and also for contract type 

(temporary workers or permanent). Furthermore, the correlation 

between expected risk and lack of experience and training on safety 

behaviors was examined. The risk of a fatal accident increased with 

age and work shift time. Moreover, the risk was higher for males and 

also for temporary workers. However, because of the low number of 

women in the sample, the results related to gender were limited. In 
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addition, workers in the construction, agriculture, and fishing sectors 

were at higher risk. Increased risk related to inadequate experience 

and training on safety behaviors was one of the findings. 

         Feyer et al. (2001), Dimich-Ward et al. (2004), and the 

European Commission (2004) have also investigated the risk of fatal 

accidents in men compared to women. These studies showed an 

increased risk of fatal accident for men compared to women. 

         Fang et al. (2006) conducted a safety climate survey of 

employees of a construction company and its subcontractors in Hong 

Kong. The researchers obtained 4,719 records from 54 sites, and 

extracted 15 factors by means of factor analysis to explain the 

dimensions of safety climate. Further, the researchers carried out 

logistic regression to find out any relationship between safety climate 

and personal characteristics. A single composite indicator variable, 

called FSIALL, was used as the dependent variable by summing up the 

15 standardized factor scores.  However, the researchers changed the 

FSIALL variable to a dichotomous variable, called FACIALL, in order to 

use it in the binary logistic regression model. A FACIALL value of 1 was 

assigned to a good safety climate and a value of 0 indicated a poor 

safety climate. The relationship of safety climate to gender, marital 

status, education level, number of family members to support, safety 

http://en.wikipedia.org/wiki/I
http://en.wikipedia.org/wiki/I
http://en.wikipedia.org/wiki/I
http://en.wikipedia.org/wiki/I
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knowledge, drinking habits, direct employer, and individual safety 

behavior was investigated. This study revealed that people with more 

social responsibility (older, married, and children) had a better 

perception of safety climate. Regarding education level, lower 

education levels resulted in decreased perception of the safety climate. 

A drinking habit (alcoholic) was also found to affect perception of the 

safety climate negatively.  

Using a survey questionnaire, Choudhary et al. (2009) 

conducted a safety climate survey on the construction sites of a 

leading construction company in Hong Kong and collected 1,120 valid 

responses from 22 construction projects. The personal characteristics 

analysis was a secondary and follow up step of the research. The 

factors investigated included worker age, marital status, and number 

of family members to support. Factor analysis showed that two factors, 

“management commitment and safety environment” and 

“inappropriate safety procedure and work practices”, were significant 

predictors of workers’ perceptions of safety performance. Moreover, it 

was found that perception of safety climate was more positive in older, 

married employees who had family members to support. 

In a review of relevant research on successful occupational 

safety programs, Cohen (1977) investigated the workforce in 
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companies with better safety performance to identify characteristics 

that could have an influence on their safety profile. Employee turnover 

(decreased risk of job accidents because of new workers’ lack of 

experience), marital status of workers, age of employees, and length 

of service were investigated in these companies. This research found 

companies that had older employees, employees who are married, 

employees having a longer length of service, and lower employee 

turnover rates had better safety performance. 

Kunar and Bhattacherjee (2006) conducted a study on 164 coal 

miners in southern India and reported the important role of some 

occupational and individual factors in injury causation. The risk of 

injury was compared between workers who were and were not 

consuming alcohol. Moreover, the researchers investigated the effect 

of formal education of workers on risk of occupational injuries. 

Smoking habit was included in the research as Chau et al. (2002) have 

examined the role of smoking in injuries. This study concluded that 

risk of injury was greater for workers with alcoholic drinking habits. 

Moreover, it was found that not having formal education would 

increase the risk of injuries. Smoking habit was not related to injury. 

However, Chau et al. (2002) have emphasized the role of smoking in 

injuries. 
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Four separate studies were conducted by Tucker and Turner 

(2011) to develop and validate measures of workplace safety-related 

behaviors relevant to young workers. These behaviors were: 

considering quitting an unsafe job, speaking out regarding safety 

issues, adapting to dangerous conditions, neglecting worsening safety 

conditions, and compliance with safety policies. The analyses in these 

studies verified the reliability and validity of the abovementioned 

behaviors.  

Sneddon et al. (2013) investigated the relationship of stress, 

fatigue with work situation awareness (WSA), and safety in offshore 

drilling crews of UK Continental Shelf (UKCS). To conduct the study 

the researchers used a self-report scale to measure WSA of 185 

drilling personnel. Based on principal component analysis, four sub-

scales of WSA (concentration, attention, anticipation, and distraction) 

were determined. WSA scores were compared between workers who 

had previously been involved in a work accident and those who had 

not had an accident. Stress, sleep disruption, and fatigue had negative 

and significant correlations with WSA. However, based on the 

regression analysis, only stress remained in the model as a predictor 

of WSA. Moreover, it was found that lower WSA scores were correlated 

with increased unsafe behaviors. Also, WSA scores of the workers who 
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had been involved in injury incidents were lower than for those who 

had not been involved in an incident.  

Wu et al. (2007) studied the effect of individual factors on safety 

climate in university and college laboratories of Taiwan. The 

researchers distributed a self-administered questionnaire among 

employees of 100 universities and colleges. Multivariate analysis of 

variance was conducted to determine the effect of organizational 

category of ownership, the presence of a safety manager and safety 

committee, gender, age, job title, accident experience, job tenure, and 

safety training on the climate. Among individual factors, job tenure 

and work site did not influence safety climate significantly. There was 

a significant difference between male and female employees' 

perceptions regarding safety climate in emergency response. Males 

had stronger emergency response than females. Employees of various 

ages significantly differed in their perceptions regarding safety climate. 

There was significant difference in safety climate perception among 

employees of various job titles. Managers had a higher perception of 

safety climate than faculty and staff.  A significant difference was 

observed among employees with several accident experiences. 

Employees who had not experienced an accident had a stronger 

perception of safety climate than employees who experienced an 
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accident. Finally, employee safety training level was found to be 

significant. The perceptions of employees having safety training were 

higher than the employees with no safety training.  

Ferguson et al. (1984) investigated the relationship of personal 

characteristics and occupational factors with risks of accidental injury 

in naval environments. Age at enlistment, educational level, and 

mental ability were significantly related to risk of injury. The 

relationship of age with accidental injury was U-shaped. Personnel who 

were 21-25 years old had the lowest probability of injury. The 17 year 

old enlistees (mostly high school dropouts) had the highest risk 

followed by individuals above 25 years of age. An intermediate 

probability was obtained for the age of 18-20. Years of education and 

mental ability (General Classification Test Score) had negative 

relationships with risk of injury. The injury risk of personnel with less 

than high school education was twice as much as that of individuals 

with more than high school education. However, when these factors 

were considered jointly, only education had a significant effect on 

injuries. This means that injury risk was generally uniform within 

educational levels, suggesting the lack of major effect of mental group 

and age on observed differences in injury. 

http://www.sciencedirect.com/science/article/pii/000145758490006X
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The relationship of gender, age, and experience with fatal 

injuries was investigated by Lin et al. (2008) based on 1,890 fatal 

injury reports in Taiwan. In this study, the researchers found that the 

fatality rate of males was eight times higher than females, and young 

males showed higher fatal injury rates than their female counterparts. 

Furthermore it was found that incidents resulting in a fatality were 

occurring more during the first year of employment. 

Lombardi et al. (2009) determined the factors that influence the 

decision by workers in the manufacturing, construction, service, and 

retail industries of Massachusetts of whether to wear personal 

protective eyewear (PPE). Age and safety training were among the 

factors affecting the use of PPE.  

Lastly, Shendell et al. (2013) studied the safety incidents among 

working minors in New Jersey. The researchers investigated injuries 

among male and their female counterparts in CTE programs/courses 

and cooperative education experiences. Age was also one of the 

factors evaluated in this study. The research results showed that 

males in CTE programs/courses and cooperative education experiences 

get injured more frequently than females. Moreover, the research 

found more injuries within the 16 years old and younger group than 

the older group. 
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A summary of the factors described above and the related 

research is shown in Table 3.2. These research studies are important 

to the present study as they help to create the list of personal factors 

that affect the safety of field employees. 
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Table 3.2 Personal and demographic factors investigated by previous research 
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Bosak et al. 
2013 

X X            

Siu et al. 2003 X X            

Vinodkumar 
and Bhasi 
2009 

X X X X          

Villanueva and 
Garcia 2011 

  X  X X X       

Feyer et al. 
2001 

    X         

Dimich-Ward 
et al. 2004 

    X         

European 
Commission 
2004 

    X         

Fang et al. 
2006 

X       X X X    

Choudhary et 
al. 2009 

X       X X     

Cohen 1977 X X X     X      

Kunar and 

Bhattacherjee 
2006 

   X      X X   

Sneddon et al. 
2013 

           X  

Wu et al. 2007 X X   X  X     X X 

Ferguson et al. 
1984 

X   X          

Lin et al. 2008 X    X       X  

Lombardi et al. 
2009 

X      X       

Shendell et al. 
2013 

X    X         
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3.2.1 Expert Panel’s Review 

After presenting the list of factors to the expert panel for their review 

and input, the following factors were suggested by the panel for 

further investigation: 

3.2.1.1 Being Local or a Traveler 

In some cases when multiple large projects are under construction for 

an extended period of time, the local union halls do not have enough 

tradespeople to support the many projects. Thus the union halls have 

to use trade workers from other states which are called travelers. 

Travelers may not be familiar with the local safety practices and safety 

culture in the area. 

3.2.1.2 Being Part of a Labor Union or Non-union 

Depending on the current work environment, in some cases both union 

members and non-union workers could be working on the same 

projects. The difference between a union employee, who receives 

specialized training and must meet certain knowledge and skill 

requirements in order to advance their level of employment, and a 

non-union employee was identified as a factor of interest by the panel.   
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The expert panel also suggested removing the following factors 

from the survey questionnaire due to the comfort level of employees 

and the potential lack of honesty when responding to those questions: 

race, smoking habits, and drinking habits. 

For this section of the survey questionnaire, a five-point Likert 

scale ranging from Completely Disagree to Completely Agree was used 

to determine the influence of these factors on safety performance. 

Table 3.3 shows the questionnaire used in the survey. 
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Table 3.3 Personal factor questionnaire 

In this part, the objective is to determine which personal attributes influence the 

safety performance of a worker. Using your experience and judgment, please 
indicate whether you agree or disagree with each statement. 

Statement regarding influence of personal 
attributes on safety performance 
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The age of an employee influences the employee’s 
safety performance 

     

An employee’s gender influences the employee’s 

safety performance 

     

An employee’s marital status influences the 

employee’s safety performance 

     

Having dependents (e.g., children) influences an 
employee’s safety performance 

     

An employee’s level of work experience in the trade 

influences the employee’s safety performance 

     

An employee’s level of education influences the 
employee’s safety performance 

     

An employee’s length of service with the 
company influences the employee’s safety 

performance 

     

Having more than one job influences an 
employee’s safety performance 

     

An employee’s safety performance is influenced by 

whether or not the employee has experienced 

injuries that required more than first aid 
treatment in the past 

     

An employee’s safety performance is influenced by 

whether or not the employee has observed  
injuries to other workers that required more 
than first aid treatment in the past 

     

Having formal safety training like OSHA 10-hour 

training influences an employee’s  safety performance 

     

An employee’s perception of their job security 
influences the employee’s safety performance 

     

Being a local worker or a traveler influences an 

employee’s safety performance 

     

Being  a member of a labor union  influences an 

employee’s safety performance 

     

The job level of the employee (for example, 
apprentice, foreman, etc.) influences the employee’s 
safety performance 

     

 

In the next part of the personal factors section of the survey 

questionnaire, the goal was to determine the weight of each 



 55 

 
subcategory within each category. For instance, the effect of the 18-19 

year old age sub-group compared to other sub-groups in the age 

category was investigated. In order to assess the sub-groups, a five-

point Likert scale ranging from “strongly negative” to “strongly 

positive” was used. The expert panel suggested using a scale from -2 

to 2 for ease of answering the survey, where -2 represents Strongly 

Negative, 0 represents Neutral (not affecting safety performance), and 

+2 represents Strongly Positive. For age, length of service with the 

company, and experience in the trade, sub-groups were based on 

categories used in reports published by the Bureau of Labor Statistics 

(BLS 2014).  For education level, a combination of categories from 

Kunar and Bhattacherjee (2006), Fang et al. (2006), and the expert 

panel’s comments was utilized. For the job level, the expert panel 

suggested using the common job titles used in the construction 

industry (apprentice, journeyman, foreman, superintendent). For the 

remaining factors, only two sub-groups were used. Figure 3.2 shows 

the questionnaire used in the survey. 
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Figure 3.2 Questionnaire used to capture the sub-groups’ weightings 
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3.3 Risk Perception 

3.3.1 Introduction 

In this section, the effects and importance of worker risk perception in 

the construction industry are described. This is followed by an 

explanation of the quantification of risk perception for different 

activities, and finally the process used to create the risk scenarios is 

thoroughly described. 

Past research has identified risk perception as one of the key 

factors affecting a person’s safety on a job site. Hallowell (2010) 

defined risk perception as “subjective judgment that one makes about 

the frequency and severity of particular risks.” Field employees are the 

people who encounter actual safety risks on job sites and, even with a 

good safety program in place, it is the worker’s choice to take on the 

risk that could eventually cause injury to him/her (Howell et al. 2002). 

A worker who inaccurately assesses risk was identified as one of the 

key factors in risk-taking behaviors (Carter and Smith 2006).  In a 

recent study, Tixier et al. (2014) also emphasized the importance of 

risk perception and its influence on risk-taking behavior.  Floyd et al. 

(2014) explained the importance of risk perception and how it predicts 

the worker behavior. 
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3.3.2 Quantification of Risk 

There have been many research studies regarding construction safety 

risk (Dharmapalan 2011), however not all of the studies pertain to the 

current study. In the current research the goal is to measure the risk 

perception of the employee based on the scenarios that include 

activities, hazard events, and incident types. Hallowell and Gambatese 

(2008) and Carter and Smith (2006) used user input and expert 

opinion assessment approaches to measure the risk based on 

probability and severity factors and activity risk influence factors. In 

these two studies, incident types and hazard event were the 

assessment criteria, respectively. 

In order to measure risk perception and find its correlation with 

other factors, an objective method should be used to calculate the risk 

perception of field employees. Hallowell (2008) developed an objective 

method to quantify safety risks. In the proposed method, severity was 

determined based on the impact to the worker. Table 3.4, adopted 

from Hallowell (2008), shows the different levels of severity and the 

linear and associated geometric impact factors.  

 



 59 

 
Table 3.4 Impact factors of different injury severities Hallowell (2008) 

Severity categories (Injury 

type) 

Linear scale value Geometric scale value 

Near miss 0 0 

Negligible 0 1 

Temporary discomfort 1 2 

Persistent discomfort 2 4 

Temporary pain 3 8 

Permanent pain 4 16 

Minor first aid 5 32 

Major first aid 6 64 

Medical case 7 128 

Lost work time 8 256 

Permanent disablement 9 1024 

Fatality 10 26214 

 

Hallowell (2008) recommended using a geometric scale because 

it models the relationship between injury severities properly. In Table 

2.3, the numbers indicate the impact of the injury on the injured 

employee. For instance, a lost work time injury has a value of 256 and 

a medical case injury has a value of 128, which shows that a lost work 

time injury has double the impact on an employee compared to a 

medical case only injury. However, in the present study four levels of 

the severity were used based on OSHA’s categorization of incidents. 

These categories include: Fatality, Hospitalized Injury, Non-

Hospitalized Injury, and Near Miss. In order to calculate the weighted 

average of impact value for these categories, a method similar to that 
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developed by Dharmapalan (2011) was used. Equation 3.1 (adopted 

from Dharmapalan 2011) shows the conversion for the categories: 

𝑌1 =
∑ 𝑥𝑖𝑦𝑖

𝑛
1

∑ 𝑥𝑖
𝑛
1

   (3.1) 

In this formula, y corresponds to the geometric value and x 

corresponds to the linear scale value. For example, assume that the 

non-hospitalized injury category includes linear values of 1 through 6 

which range from the negligible category to the major first aid 

category. The geometric value is then calculated as follows:   

𝑦𝑛ℎ =
(1×2)+(2×4)+(3×8)+(4×16)+(5×32)+(6×64)

1+2+3+4+5+6
= 30.57  

Impact factors were calculated with the same method for other 

categories used in the research. Table 3.5 shows the impact factors 

used for the present study. 

Table 3.5 Impact factors for the severity categories in this research 

Severity category Linear scale categories Geometric impact factor for 

the current research 

Near miss 0 1 

Non-hospitalized injury 1-6 30.57 

Hospitalized injury 7-9 506.67 

Fatality 10 26,214 

 

In the present research, the value of near miss was set to one 

instead of zero. The reason for selecting a value of one was to 

recognize that near misses represent a risk to worker safety and to 

include this risk in the analysis. Giving a value of zero to near miss 
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would reduce its impact to zero, thus, neglecting an incident which 

could have caused an injury with severe impact if the conditions were 

slightly different.  

The next step in calculating the risk was to obtain the 

probabilities. An objective method used by Gambatese and Hallowell 

(2008) and Dharmapalan et al. (2014) was incorporated. In this 

method the probability is calculated based on the frequencies with 

which an injury occurs while conducting the work. Frequency is defined 

as incidents per worker hour.  A worker is assumed to work 45 hours a 

week, 50 weeks a year. For the purposes of this research, unit risk 

(severity per worker-hour) was used in order to measure risk 

perception. The unit risk was calculated as shown in Equation 3.2 

(Hallowell and Gambatese 2008; Hallowell 2010; Dharmapalan 2011): 

Unit risk(S/w-h) = Frequency (Incident/w-h) × Severity (S/Incident)         (3.2) 

3.3.3 Design of Risk Scenarios 

In order to create the risk scenarios and compare groups based on risk 

perception, a baseline value for safety risk while performing 

construction work was required. To create the baseline, the author 

used the accidents recorded in the OSHA database (OSHA 2015b) for 

the years from 2002 to 2012.  A sample of an OSHA accident report is 

shown in Figure 3.3. 
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Figure 3.3 Sample of OSHA accident report from OSHA (2015d) 

 

The focus of this research study is on mechanical and electrical 

field employees, so the incident reports obtained from OSHA’s website 

were related to these two trades. In order to achieve this goal the 

Standard Industry Classification (SIC) was used. For incidents related 

to the mechanical contractors, SIC code 1711 was used. According to 

SIC, 1711 is for specialty contractors working in the area of Heating, 

Ventilation, Air Conditioning (HVAC), and Plumbing. A similar method 

was utilized to extract information from incidents related to electrical 
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contractors. SIC code 1731 includes specialty contractors involved with 

electrical work in construction.  

Computer code was developed in order to extract information from 

the OSHA webpages electronically. The goal was to read the webpages 

and search for specific keywords. Based on the keywords, records 

related to mechanical and electrical work were identified and the 

important information was extracted and represented in the 

appropriate output files.  The input of this software was a text file 

containing the URL of desired webpages. As mentioned above, in the 

present case the accident reports available on www.osha.gov were of 

interest, including important information regarding the accidents. In 

the next step, the computer code was used to read each of the 

webpages and searched for certain keywords to find important 

information such as accident ID number, date, SIC, inspection, age, 

gender of injured worker, degrees attained, nature of the incident, 

occupation of injured worker, type of construction, etc. Afterwards, the 

final step was to analyze and organize the data in the appropriate 

output format. The main output of the computer code was a text file 

where each line showed one accident and specified the following 

features for that accident: 

 Accident Number 

http://www.osha.gov/
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 Title 

 Date 

 End Use 

 Project Type 

 Severity 

 Nature 

 Occupation 

 Cause (type of work e.g. electrical work) 

 Fatality Cause 

Some additional questions were identified based on different outputs 

from the computer code as well. These questions were: 

1. What are the fatality causes reported in the documents? 

a. How many times is each of the causes repeated? 

b. How many of the fatality causes were a part of 

“Hospitalized Injury”, “Non-hospitalized Injury”, and 

“Fatality” conditions? 

2. What is the nature of the accidents reported in the documents? 

3. What are the causes of the accidents reported in the documents? 

 

These data were represented in the output text files. A sample of 

an output file showing the tabulated data is presented in Table 3.6. 
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The frequency of injuries for each severity level was created by 

the software for each of the injury causes. However, the results had a 

significant number of data missing for both SIC 1711 and SIC 1731. 

Thus, the author manually read all of the accident descriptions for the 

missing information. Table 3.7 shows the total number of records and 

number of records with missing information for both SIC 1711 and SIC 

1731. The code is shown in Appendix D. 
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Table 3.6 Sample of output file from the code 

Case 
number 

Title Building 
type 

Project type Severity Injury or 
fatality cause 

202584702 Employee Falls 
Through Skylight And 

Is Killed 

Commercial 
building 

New project 
or new 
addition 

Fatality Fall from/with 
structure (other 

than roof) 

200357564 Worker Dies While 
Using Reciprocating 

Saw 

Commercial  
building 

New project 
or new 
addition 

Fatality Unknown 

202539896 Employee Dies From 
Incident Connected 

With Electrical Shock 

Other 
building 

Maintenance 
or repair 

Fatality Electric shock, 
other and 

unknown cause 

201073277 Two Workers Burned 
In An Arc Flash 

Commercial 
building 

Maintenance 
or repair 

Hospitalized 
injury 

Electrical 
burn/Arc flash 

201073277 Two Workers Burned 
In An Arc Flash 

Commercial 
building 

Maintenance 
or repair 

Hospitalized 
injury 

Electrical 
burn/Arc flash 

202550216 Employee Amputated 
Finger While Wire 
Brushing Rebar 

Commercial 
building 

Other Hospitalized 
injury 

Caught in 
stationary 
equipment 

200604197 Employee Is Killed In 
Fall From Tree 

Single family 
or duplex 
dwelling 

New project 
or new 
addition 

Fatality Fall, other 

 

Table 3.7 Summary of records obtained by the code  

SIC Total number of 

incident reports 
from 2002 to 2012 

Reports with 

missing information 

Deleted 

1711 (Mechanical) 793 130 10 

1731 (Electrical) 1087 139 14 

 

After analyzing the incidents with missing information, additional 

categories of injury causes were established to include those incidents. 

Moreover, 14 reports were deleted because of a lack of description of 

the incident, or the incident was not related to mechanical or electrical 

contractors. Tables 3.8 and 3.9 show the number of incidents for each 

severity level for SIC 1711 and SIC 1731, respectively. 
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Table 3.8 Injury cause counts for each severity category in SIC 1711 (Mechanical) 

Injury causes (code output) Non-

hospitalized 
injury 

Hospitalized 

injury 

Fatality 

Animal/Insect attack 0 1 0 

Asphyxiation/inhalation of toxic vapor 12 12 12 

Caught in/Struck/Cut by building equipment 5 9 0 

Caught in/Struck/Cut by Tools (Tool Use) 10 19 1 

Caught between materials 6 3 0 

Caught in stationary equipment 4 8 1 

Chemical Burn/Chemical Exposure 0 5 0 

Collapse of structure 0 4 5 

Crushed/run-over by construction equipment during 0 2 3 

Crushed/run-over by highway vehicle 0 1 1 

Crushed/run-over of non-operator by operating 
cons 

2 8 8 

Crushed/run-over/trapped of operator by operating 0 4 10 

Cut/Laceration Other 1 2 0 

Cuts by materials 1 2 0 

Drown, non-lethal fall 0 1 0 

Electric Shock from Faulty Equipment (Building 
Equipment) 

0 4 5 

Electric shock, other and unknown cause 5 4 17 

Electrical Burn/Arc Flash 1 3 0 

Electrocution by equipment contacting wire 0 1 7 

Electrocution by touching exposed wire/source 0 1 21 

Electrocution from equipment installation/tool use 0 0 10 

Fall from roof 4 30 15 

Fall from vehicle (vehicle/construction equipment) 0 4 2 

Fall from/with bucket (aerial lift/basket) 1 8 7 

Fall from/with ladder 5 80 39 

Fall from/with platform catwalk (attached to 
structure 

2 3 5 
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Table 3.8 (Continued) 

Injury causes (code output) Non-
hospitalized 

injury 

Hospitalized 
injury 

Fatality 

Fall from/with scaffold 0 6 8 

Fall from/with structure (other than roof) 2 18 10 

Fall on the same level (Slip\Trip) 0 3 0 

Fall through opening (other than roof) 3 20 11 

Fall, other 3 20 8 

Fire/explosion 9 34 17 

Heart attack 0 0 16 

Heat/hypothermia 0 2 1 

Lifting operations 0 1 1 

Natural Disaster 0 0 1 

Steam/Hot water burn 8 9 0 

Struck by falling object/projectile 10 33 21 

Trench collapse 5 18 23 

Unknown 1 0 6 

Unloading-loading equipment/material (except by 
crane) 

0 0 3 

Wall (earthen) collapse 0 1 3 

Work Place Violence 0 0 1 

Total 100 384 299 

 

 

 

 

 

 

 



 69 

 
 

Table 3.9 Injury cause counts for each severity category in SIC 1731 (Electrical) 

Injury causes (code output) Non-
hospitalized 
injury 

Hospitalized 
injury 

Fatality 

Animal/Insect attack 0 0 0 

Asphyxiation/inhalation of toxic vapor 0 1 7 

Caught in/Struck/Cut by building equipment 1 2 2 

Caught in/Struck/Cut by Tools (Tool Use) 4 7 0 

Caught between materials 4 4 0 

Caught in stationary equipment 1 6 3 

Chemical Burn/Chemical Exposure 0 0 0 

Collapse of structure 2 5 2 

Crushed/run-over by construction equipment during 0 3 3 

Crushed/run-over by highway vehicle 0 8 14 

Crushed/run-over of non-operator by operating cons 0 6 9 

Crushed/run-over/trapped of operator by operating 1 5 19 

Cut/Laceration Other 1 1 0 

Cuts by materials 0 1 0 

Drown 0 0 1 

Drown, non-lethal fall 0 1 0 

Electric Shock from Faulty Equipment (Building 
Equipment) 

0 0 0 

Electric shock, other and unknown cause 18 67 22 

Electrical Burn/Arc Flash 9 41 5 

Electrocution by equipment contacting wire 3 15 22 

Electrocution by touching exposed wire/source 3 35 148 

Electrocution from equipment installation/tool use 1 18 36 

Fall from roof 0 10 7 

Fall from vehicle (vehicle/construction equipment) 0 5 5 

Fall from/with bucket (aerial lift/basket) 1 16 24 

Fall from/with ladder 9 86 45 

Fall from/with platform catwalk (attached to structure 1 5 4 

Fall from/with scaffold 0 10 9 

Fall from/with structure (other than roof) 2 22 7 

Fall on the same level (Slip\Trip) 0 1 0 
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Table 3.9 (Continued) 

Injury causes (code output) Non-
hospitalized 
injury 

Hospitalized 
injury 

Fatality 

Fall through opening (other than roof) 1 7 3 

Fall, other 3 33 18 

Fire/explosion 7 54 13 

Heart attack 1 0 23 

Heat/hypothermia 1 2 1 

Lifting operations 1 6 2 

Motor vehicle accident 0 0 3 

Natural disaster 0 0 0 

Other 0 0 0 

Steam/Hot water burn 0 1 0 

Struck by falling object/projectile 5 25 16 

Trench collapse 0 0 4 

Unknown 0 0 5 

Unloading-loading equipment/material (except by crane 1 0 0 

Wall (earthen) collapse 0 0 1 

Work Place Violence 0 0 0 

Total 81 509 483 

 

For the purpose of creating the scenarios, the frequencies in the 

tables above were assumed to be for one worker working 40 hours a 

week. By incorporating the method mentioned above to quantify the 

risk, the unit risk for each severity level and the total unit risk for each 

of the causes were calculated. Tables 3.10 and 3.11 show the 

calculated risk values based on the method described in section 3.2.2 

for SIC 1711 and SIC 1731, respectively. 
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Table 3.10 Calculated risk of injury causes for SIC 1711 (Mechanical) 

Injury cause 
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Animal/Insect attack 0.00 0.02 0.00 0.02 

Asphyxiation/inhalation of toxic vapor 0.02 0.27 13.98 14.27 

Caught in/Struck/Cut by building equipment 0.01 0.20 0.00 0.21 

Caught in/Struck/Cut by Tools (Tool Use) 0.01 0.43 1.17 1.61 

Caught between Materials 0.01 0.07 0.00 0.08 

Caught in stationary equipment 0.01 0.18 1.17 1.35 

Chemical Burn/Chemical Exposure 0.00 0.11 0.00 0.11 

Collapse of structure 0.00 0.09 5.83 5.92 

Crushed/run-over by construction equipment 
during 

0.00 0.05 3.50 3.54 

Crushed/run-over by highway vehicle 0.00 0.02 1.17 1.19 

Crushed/run-over of non-operator by operating 
cons 

0.00 0.18 9.32 9.50 

Crushed/run-over/trapped of operator by 
operating 

0.00 0.09 11.65 11.74 

Cut/Laceration Other 0.00 0.05 0.00 0.05 

Cuts by Materials 0.00 0.05 0.00 0.05 

Drown, non-lethal fall 0.00 0.02 0.00 0.02 

Electric Shock from Faulty Equipment (Building 
Equipment) 

0.00 0.09 5.83 5.92 

Electric shock, other and unknown cause 0.01 0.09 19.81 19.90 

Electrical Burn/Arc Flash 0.00 0.07 0.00 0.07 

Electrocution by equipment contacting wire 0.00 0.02 8.16 8.18 

Electrocution by touching exposed wire/source 0.00 0.02 24.47 24.49 

Electrocution from equipment installation/tool  0.00 0.00 11.65 11.65 

Fall from roof 0.01 0.68 17.48 18.16 

Fall from vehicle (vehicle/construction 
equipment) 

0.00 0.09 2.33 2.42 

Fall from/with bucket (aerial lift/basket) 0.00 0.18 8.16 8.34 

Fall from/with ladder 0.01 1.80 45.44 47.25 

Fall from/with platform catwalk (attached to 
structure) 

0.00 0.07 5.83 5.90 

Fall from/with scaffold 0.00 0.14 9.32 9.46 
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Table 3.10 (Continued) 

Injury cause 
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Fall from/with structure (other than roof) 0.00 0.41 11.65 12.06 

Fall on the same level (Slip\Trip) 0.00 0.07 0.00 0.07 

Fall through opening (other than roof) 0.00 0.45 12.82 13.27 

Fall, other 0.00 0.45 9.32 9.77 

Fire/explosion 0.01 0.77 19.81 20.58 

Heart Attack 0.00 0.00 18.64 18.64 

Heat/hypothermia 0.00 0.05 1.17 1.21 

Lifting operations 0.00 0.02 1.17 1.19 

Natural Disaster 0.00 0.00 1.17 1.17 

Steam/Hot water burn 0.01 0.20 0.00 0.21 

Struck by falling object/projectile 0.01 0.74 24.47 25.22 

Trench collapse 0.01 0.41 26.80 27.21 

Unknown 0.00 0.00 6.99 6.99 

Unloading-loading equipment/material (except 
by crane) 

0.00 0.00 3.50 3.50 

Wall (earthen) collapse 0.00 0.02 3.50 3.52 

Work Place Violence 0.00 0.00 1.17 1.17 
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Table 3.11 Calculated risk of injury causes for SIC 1731 (Electrical) 

Injury cause 
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Animal/Insect attack 0.00 0.00 0.00 0.00 

Asphyxiation/inhalation of toxic vapor 0.00 0.02 8.16 8.18 

Caught in/Struck/Cut by building equipment 0.00 0.05 2.33 2.38 

Caught in/Struck/Cut by Tools (Tool Use) 0.01 0.16 0.00 0.16 

Caught between Materials 0.01 0.09 0.00 0.10 

Caught in stationary equipment 0.00 0.14 3.50 3.63 

Chemical Burn/Chemical Exposure 0.00 0.00 0.00 0.00 

Collapse of structure 0.00 0.11 2.33 2.45 

Crushed/run-over by construction equipment during 0.00 0.07 3.50 3.56 

Crushed/run-over by highway vehicle 0.00 0.18 16.31 16.49 

Crushed/run-over of non-operator by operating cons 0.00 0.14 10.49 10.62 

Crushed/run-over/trapped of operator by operating 0.00 0.11 22.14 22.25 

Cut/Laceration Other 0.00 0.02 0.00 0.02 

Cuts by Materials 0.00 0.02 0.00 0.02 

Drown 0.00 0.00 1.17 1.17 

Drown, non-lethal fall 0.00 0.02 0.00 0.02 

Electric Shock from Faulty Equipment (Building 
Equipment) 

0.00 0.00 0.00 0.00 

Electric shock, other and unknown cause 0.02 1.51 25.63 27.16 

Electrical Burn/Arc Flash 0.01 0.92 5.83 6.76 

Electrocution by equipment contacting wire 0.00 0.34 25.63 25.97 

Electrocution by touching exposed wire/source 0.00 0.79 172.43 173.22 

Electrocution from equipment installation/tool use 0.00 0.41 41.94 42.35 

Fall from roof 0.00 0.23 8.16 8.38 

Fall from vehicle (vehicle/construction equipment) 0.00 0.11 5.83 5.94 

Fall from/with bucket (aerial lift/basket) 0.00 0.36 27.96 28.32 

Fall from/with ladder 0.01 1.94 52.43 54.38 

Fall from/with platform catwalk (attached to 
structure) 

0.00 0.11 4.66 4.77 

Fall from/with scaffold 0.00 0.23 10.49 10.71 

Fall from/with structure (other than roof) 0.00 0.50 8.16 8.65 

Fall on the same level (Slip\Trip) 0.00 0.02 0.00 0.02 

Fall through opening (other than roof) 0.00 0.16 3.50 3.65 
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Table 3.11 (Continued) 

Injury cause 

U
n

it
 r

is
k
 

n
o

n
-

h
o

s
p

it
a
li

z
e
d

 

I
n

ju
r
y
 

U
n

it
 r

is
k
 

h
o

s
p

it
a
li

z
e
d

 

I
n

ju
r
y
 

U
n

it
 r

is
k
 

fa
ta

li
ty

 

T
o

ta
l 

U
n

it
 

r
is

k
 

Fall, other 0.00 0.74 20.97 21.72 

Fire/explosion 0.01 1.22 15.15 16.37 

Heart Attack 0.00 0.00 26.80 26.80 

Heat/hypothermia 0.00 0.05 1.17 1.21 

Lifting operations 0.00 0.14 2.33 2.47 

Motor Vehicle Accident 0.00 0.00 3.50 3.50 

Natural Disaster 0.00 0.00 0.00 0.00 

Other 0.00 0.00 0.00 0.00 

Steam/Hot water burn 0.00 0.02 0.00 0.02 

Struck by falling object/projectile 0.01 0.56 18.64 19.21 

Trench collapse 0.00 0.00 4.66 4.66 

Unknown 0.00 0.00 5.83 5.83 

Unloading-loading equipment/material (except by 
cranes) 

0.00 0.00 0.00 0.00 

Wall (earthen) collapse 0.00 0.00 1.17 1.17 

Work Place Violence 0.00 0.00 0.00 0.00 

 

The next step in creating the risk scenarios was to group and 

categorize the causes based on the calculated unit risk. A cluster 

analysis using three severity levels (Non-hospitalized injury, 

Hospitalized injury, and Fatality) was carried out using the Statistical 

Package for the Social Sciences (SPSS) software to group incidents 

based on total unit risk. Figures 3.4 and 3.5 present the results of the 

cluster analysis for total unit risk for SIC 1711 and SIC 1731, 
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respectively. The results of the cluster analysis for each of the severity 

levels are available in Appendix E.   
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Figure 3.4 Results of cluster analysis for SIC 1711 (Mechanical) 
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Figure 3.5 Results of cluster analysis for SIC 1731 (Electrical) 
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Based on the cluster analysis results, three injury causes were 

chosen in each severity level and also in the total risk level. The three 

items were chosen to reflect a high risk, medium risk, and low level 

risk. With the help of the expert panel, scenarios were created to 

reflect each of these injury causes. For example, the “Fall from/with 

ladder” category for SIC 1711 was chosen and the following risk 

scenario was developed: 

“A sheet metal craft employee is installing a control box in a 

ceiling grid while standing on a 10-ft tall ladder.” 

The goal in this section was to generate scenarios that would be 

descriptive of the operation taking place, but not emphasize the risks 

so that the employees reviewing the scenario will not be biased toward 

any particular safety risks. Also, the developed scenarios contained 

activities that are common tasks that the trades, i.e., employees, 

usually encounter in their daily activities. Furthermore, it should be 

noted that it was not possible to write all of the scenarios with only 

one injury cause. Thus, the scenarios could have more than one injury 

cause associated with them. Tables 3.12 and 3.13 show the developed 

scenarios for SIC 1711 and SIC 1731, respectively. 
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Table 3.12 Scenarios developed for mechanical craft work (SIC 1711) 

No. Scenario 

1 A sheet metal craft employee is installing a control box in a ceiling grid while 
standing on a 10-ft tall ladder. 

2 A pipefitter is installing unsecured, overhead, 2-inch diameter steel pipe in 10-ft 
long sections. Work is being done from a scissor lift. 

3 A mechanical craft employee is using a Sawzall to cut a hole in a wall to install a 
chilled water line. The employee did not check whether utilities were present in the 
wall.  

4 A pipefitter installed a 6-inch PVC line with a temporary cap on the end, and now 
needs to test the system by pressurizing it.  

5 A service mechanic is conducting maintenance on a rooftop air handler unit which is 
located 3 feet from the edge of the roof. The roof has a low parapet. 

6 A plumber is using a portable band saw to cut overhead 2-inch steel pipe 

7 A pipefitter is working in a 2-ft wide by 6-ft tall tunnel underneath a building. The 
worker is welding steel pipe to install ammonia lines. 

8 A pipefitter is operating a pipe threading machine to thread a 3-inch steel sprinkler 
line. 

9 A plumber is installing an underground sewer line in a 4-ft deep excavation on a 
small site. A backhoe is working on a trenching operation nearby. 

10 A mechanical craft employee is moving pipe on a summer day in a hot climate area. 

11 A service technician is repairing a steam pipe hanger on a live line.  
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Table 3.13 Scenarios developed for electrical craft work (SIC 1731) 

No. Scenario 

1 An electrician is diagnosing a heating unit panel (480V) in a ceiling grid while the 
unit is operating. The work is being done from a scissor lift. 

2 An electrician is diagnosing a heating unit panel (480V) in a ceiling grid while the 
unit is operating. The work is being done from a ladder. 

3 An electrician is working on a de-energized panel while other trades are installing 
conduit overhead from a platform nearby. 

4 An owner requests an electrician to secure an old panel cover and door while it is 
energized. The condition of the panel inside is unknown to the electrician. 

5 An electrician is demolishing an old light fixture on a wall and replacing it with a 
new fixture. 

6 An electrician is cutting an unsecured conduit using a portable band saw. 

7 An electrician is placing underground conduit while heavy equipment operates 
nearby in the surrounding area. 

8 An electrician is working from a ladder near an elevator shaft opening. The shaft 
opening has top and mid-guardrails surrounding the opening. 

9 An electrician is installing hangers for conduit on roof during the summertime. 
The weather is hot,  and fall protection provided around roof edge 

10 A data line installer is moving materials with a cart out of a construction storage 
unit. 

11 A data craft employee is pulling wire for the construction of a data center. 

 

For each work scenario, surveyed participants were asked to 

indicate the frequency of injury for each of the severity levels. The 

severity levels are shown in Table 3.14. Figure 2.4 illustrates the 

instructions page of this section of the survey questionnaire that 

describes how to input the survey responses. 
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Table 3.14 Description of severity levels 

Severity Description 

Near miss No injury and impact on work time 

Non-hospitalized 
injury 

Injured employee is able to get back to work on the same 
day (Incident requiring first aid) 

Hospitalized injury Injured employee misses work time more than one day 
(Incident causing lost work time or hospitalization ) 

Fatality Employee does not return to work ever (Incident results 

in death or long-term disability) 
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Figure 3.6 Instructions for completing the risk perception section of the survey 
questionnaire 
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3.4 Hazard Identification 

In this section, the importance of hazard identification will be 

discussed, and the method which was incorporated to create the 

survey questionnaire based on the literature review and expert panel’s 

input will be explained. 

Abdelhamid and Everett (2000) used an accident root causes 

tracing model to study safety in the construction industry. This model 

was based on the assumption that accidents have three root causes: 

failing to identify an unsafe condition, deciding to proceed with a work 

activity in an unsafe condition, and deciding to act unsafely. Hazard 

identification of field employees is crucial to many construction safety 

management systems (Adbelhamid et al. 2011; Lu et al. 2011; Albert 

et al. 2014). Albert et al. (2014) stressed the importance of hazard 

identification abilities of field crews where an unidentified hazard could 

potentially cause serious injury.  

Several research studies in the construction industry have been 

conducted to measure the hazard identification ability of field crews 

(Carter and Smith 2006; Bahn 2013; Albert et al. 2014).  These 

studies concluded that employees generally lack the skill to identify 

the hazards in their work environment. Albert et al. (2014) and Bahn 

(2013) found that employees only identified 46% and 43% of the 
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hazards, respectively. There has been research conducted to develop 

methods to enhance the hazard identification abilities of employees. 

For instance, Albert et al. (2014) suggest incorporating an augmented 

virtual reality environment to improve the hazard identification of the 

employees. Albert et al. (2013) also developed a job safety meeting 

quality measurement tool (SMQM) to enhance the hazard identification 

of employees. 

The present research aims to investigate the hazard 

identification of mechanical and electrical field employees and its 

relationship with safety knowledge, risk perception, and personal 

factors. 

3.4.1  Development of Survey Questionnaire 

In order to assess the ability to identify hazards (hazard identification 

level) of employees, a method similar to that used by Carter and 

Smith (2006) was utilized for the present study. Carter and Smith 

introduced a hazard identification index which is the ratio of identified 

hazards to the total number of hazards present. A similar method was 

used by Albert et al. (2013) to measure hazard identification of field 

employees. In their study, Albert et al. calculated a hazard index using 

the total number of hazards identified by a panel. Subsequently, Albert 
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et al. (2014) utilized a hazard index method to validate the 

effectiveness of their method to improve hazard recognition in field 

employees. The hazard index in this method was slightly modified 

where the total number of hazards for the baseline was based on the 

input of field workers and an expert panel. 

For the purposes of the present research, based on the literature 

review and the expert panel’s input, an index was created using the 

hazards present, bad safety practices, and positive safety practices in 

the scenarios presented. The main focus in adding the positive safety 

practices was to examine the correlation and influence of having an 

ability to identify good practices compared to hazards. The Multi-Layer 

Hazard Index (MLHI) is defined in the following Equation (Equation 

3.3): 

𝑀𝐿𝐻𝐼 =
𝐻𝐻

𝐼 +𝐻𝐵𝑃
𝐼 +𝐻𝑃𝑃

𝐼

𝐻𝐻
𝑇+𝐻𝐵𝑃

𝑇 +𝐻𝑃𝑃
𝑇        (3.3) 

In Equation (3.3), 𝐻𝐻
𝑇 , 𝐻𝐵𝑃

𝑇 , 𝑎𝑛𝑑𝐻𝑃𝑃
𝑇  are the total number of 

hazards, bad practices, and positive practices, respectively. The total 

number is obtained from the expert panel’s hazard assessment of the 

scenarios. Consequently, 𝐻𝐻
𝐼 , 𝐻𝐵𝑃

𝐼 , 𝑎𝑛𝑑 𝐻𝑃𝑃
𝐼  are the hazards, good 

practices, and bad practices identified by the employees.  In this 

method, each hazard and (bad or good) practice identified is given a 
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score of one. The reason to include the good practices is that missing 

to identify good practices is a sign that the employee is not familiar 

with good practices and disregards them, which could affect the safety 

performance of the person. A high MLHI value indicates that the 

individual can identify the hazards on the site properly. In contrast low 

MLHI value will indicate that the employee lacks the ability to identify 

the hazards in an occupational environment. 

In order to create the work scenarios, pictures were used to 

simulate actual work conditions which were then used to assess the 

hazard identification level of workers. A database of picture scenarios 

including more than 60 pictures was created. The resources used for 

these pictures were from OSHA outreach training documents available 

on the OSHA website (OSHA 2015C) and the Electronic Library of 

Occupational Safety and Health (ELCOSH 2015). The pictures were 

grouped into the four categories of the OSHA Focus Four: Falls, 

Caught-In or –Between, Struck-By, and Electrocution.  

Two scenarios for each OSHA Focus Four category were chosen 

randomly from the scenario database using the Microsoft Excel random 

number generator. The expert panel reviewed each of the scenarios 

and identified the safety hazards, bad safety practices, and good 

safety practices present in the scenario. 
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The following figure (Figure 3.7) shows a sample scenario with 

instructions on how to complete the section in the survey.  

 

Figure 3.7 Sample scenario with instructions 
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3.5 Safety Knowledge 

3.5.1 Introduction 

The importance of safety knowledge and training amongst workers has 

been investigated in several studies. A sample of applicable studies on 

the topic is provided below: 

 Vinodkumar and Bhasi (2009) used safety knowledge and 

compliance with safety regulations as one of the eight factors 

affecting the safety climate of workers. 

 Fang et al. (2006) conducted a research study to identify the 

factors influencing safety climate. In this research the 

importance of safety knowledge and training in a company was 

emphasized. 

 Wallen and Mully (2006) revealed the importance of safety 

training as a preventative tool for occupational illnesses. The 

researchers also exposed the significance of understanding the 

safety training as a key component of safety knowledge. 

 Suruda (2003) investigated respirator incidents causing fatalities 

and identified lack of proper training as the main factor. 

 Sari (2009) investigated the significance of employee training on 

occupational health and safety. This research study found the 
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positive effect of training on safety. The training elements 

relevant to safety in the research by Sari were job orientation, 

first aid, emergency drills, personal protective equipment, 

ergonomics, and material handling. 

 Lombardi et al. (2009) conducted a research study to identify 

the factors affecting the utilization of personal protective 

eyewear. Lack of safety training was identified as one of the 

important factors involving the personal protective eyewear 

usage. 

 Goldenhar et al. (2001) examined safety training in construction 

companies. Effectiveness of training in the surveyed companies 

was evaluated by observing job performance, employee’s 

satisfaction, formal testing, workers comp rates, and EMR. 

From the literature mentioned above it is derived that safety 

knowledge is one of the important factors influencing different aspects 

of safety such as safety climate and safety performance of the workers 

and employees.  

3.5.2 Creating the Test Questionnaire 

In order to assess safety knowledge of employees, the formal test 

method was used. A formal test is commonly used in the industry to 
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verify the knowledge of workers regarding safety regulations. To 

create the framework for the test, OSHA 10-hour construction industry 

training guidelines were used. The OSHA 10-hour construction class is 

designed for entry-level employees with the goal of ensuring that 

workers and employees have knowledge regarding the recognition, 

avoidance, abatement, and prevention of hazards in their workplace 

and know their rights as workers (OSHA 2015b).  The OSHA 10-hour 

construction test covers seven mandatory sections which are:  

 Introduction to OSHA 

 OSHA Focus Four hazards: 

o Fall hazards  

o Electrocution 

o Struck-by 

o Caught-in or between  

 Personal protective equipment 

 Health hazards in construction 

The OSHA 10-hour class also has six topics within an elective 

section. In the present research and for testing the knowledge of 

employees, all of the six topics were tested. The six topics in the 

elective section of the OSHA 10-hour construction test include:  

 Cranes, derricks, hoists, elevators, and conveyors 
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 Excavations 

 Materials handling, storage, use, and disposal 

 Scaffolds 

 Stairways and ladders 

 Hand and power tools 

A database of questions was created based on the following 

sources: OSHA Focus Four knowledge test (OSHA 2015c), OSHA #510 

- Occupational Safety and Health Standards for the Construction 

Industry Knowledge Test (OSHA Region 10 test), OSHA #500 - Trainer 

Course in OSHA Standards for Construction (OSHA Region 10 test), 

Keller’s OSHA Construction Safety Handbook (J.J. Keller 2010), and 

questions provided by the expert panel. The questions were reviewed 

by the expert panel to assess the level of difficulty of the questions. 

 Questions with a higher level of difficulty than the OSHA 10-

hour class questions were deleted from the database. The list of test 

questions included more than one hundred questions in total. Using 

the Microsoft Excel random number generator, one question was 

randomly selected for each of the 13 sections (7 mandatory sections 

and 6 elective sections). The followings are the questions used in the 

survey: 

1. One of the main responsibilities employers have under OSHA is to: 
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a) Provide training required by OSHA standards. 

b) Reduce air pollution in the environment. 

c) Conduct energy audits. 

d) Notify OSHA of any workplace injury or illness. 

2. In general, fall protection must be provided to construction workers 

who are working on surfaces with unprotected sides and edges 

which are ____ above the lower level:  

a) 3 feet b) 4 feet c) 6 feet d) 10 feet 

3. A ground fault circuit interrupter (GFCI):  

a) Detects ground faults and interrupts the flow of electric 

current, and is designed to protect the worker by limiting the 

duration of an electrical shock.  

b) Detects ground faults and interrupts the electric source thus, 

it disables the equipment that is attached; however, the 

worker is still exposed to electrocution.  

c) A tool used to determine if a power system is properly 

grounded. 

4. A struck-by hazard can be described as anytime a worker 

___________.  

a) Falls from a height of greater than ten feet   

b) Is hit by a falling, swinging, flying or rolling object  
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c) Can get any part of his/her body caught in or in between 

objects 

5. To prevent being pinned between equipment or other objects, 

workers should avoid _____. 

a) Using a trench box or shield during excavation work  

b) Placing themselves between moving vehicles and an 

immovable structure, vehicle, or staked materials  

c) Removing a safety guard when a tool such as a circular saw 

or power drill is being used. 

6. Some common foot hazard include: 

a) Compression b) Puncture c) Extreme heat or cold d) All the 

above 

7. Asbestos fibers can enter the body by:  

a) Osmosis b) Inhalation c) Ingestion d) b and c 

8. Work area control for crane and hoist operations can be recognized 

by the use of: 

a) Warning lines b) Tag out devices c) Lockout devices d) Fall 

protection 

9. The hazard considered to be the greatest in excavation work is: 

a) Falls 

b) Cave-ins 
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c) Severing underground utility 

d) Equipment falling in trench 

10. If a seat belt is provided on equipment, you don’t have to use it 

a) True  b) False 

11. Before a suspension scaffold may be used, the connections must 

be checked by a: 

a) Qualified person 

b) Competent person 

c) Company owner 

d) Customer 

12. When using a portable ladder, the side rail should extend at least 

____ above the upper landing surface 

a) 1 foot 

b) 3 feet 

c) 5 feet 

d) 12 feet 

13. Machine guards protect operators from: 

a) Finished product 

b) Stationary parts 

c) Flying chips and sparks or flying parts 

d) All of the above 
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3.6 Survey Participants 

The current research focuses on mechanical and electrical fields; thus, 

field employees, supervisors, project engineers, safety engineers, 

safety managers; and project managers involved with these trades in 

Pacific Northwest were asked to participate in the research study. The 

process to distribute the surveys is discussed next.  

First, safety managers and project managers of several large 

ongoing projects in Pacific Northwest were contacted to ask about the 

possibility of surveying the mechanical and electrical workers on their 

job sites. Two sites agreed to participate in the survey. The first site 

was a pre-fabrication shop for a mechanical contractor. A total of 

fifteen survey questionnaires were distributed in that location. The 

employees received a copy of the research explanation and 

recruitment letter approved by the Institutional Review Board (IRB). 

Due to the nature of the survey and to put workers at ease, it 

was explained in detail that the survey was confidential and 

anonymous, and the results would be stored in a pool of data gathered 

from other contractors and job sites as well. Moreover, the employees 

were told that their participation was completely voluntary and if they 

feel uncomfortable answering any part of the survey they could leave 

it blank. A sample of the communications is available in Appendix F. 
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The researcher explained the different parts of the survey 

questionnaire to participants and answered any questions that the 

workers had. In the risk perception section, the researcher emphasized 

to the employees that they should use their own judgment and 

experience to answer the questions and not base their answers on the 

company’s safety records or what they have heard. This step was 

crucial as it would reduce the influence of Von Restroff and Recency 

bias (Hallowell 2009; Dharmapalan 2011). Employees were given a 

week to complete the questionnaire and a box was provided so 

employees could turn their responses in anonymously. 

The second project was a commercial office space core and 

tenant improvement. In this project, sheetmetal workers, electricians, 

pipefitters, and sprinkler fitters were surveyed. A total of 59 workers 

were surveyed on this project. The distribution process used was 

similar to that at the previous project location.  Although the study 

participants were surveyed from two different projects, since they 

were union employees they were temporarily on the projects and have 

been on many different job sites with many different contractors. 

Furthermore, the survey was designed to get the responses regardless 

of the outside project conditions. Consequently, the participant sample 

was still a good representation of the trades. 
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In the next step safety engineers and managers, and project 

engineers and managers, were contacted via email with the survey 

questionnaire attached. The recruitment email is available on Appendix 

G. Twenty-two people were contacted in total for the above mentioned 

group. The sample of distributed surveys is available in Appendix H. 
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4 Results 

In this section, responses from the distributed survey are analyzed and 

prepared for the analysis. First, the demographic information of 

participants and a statistical analysis of this information are conducted. 

Next, the responses and processing the data are discussed. Lastly, the 

method incorporated to prepare the data for the analysis section is 

explained. 

4.1 Participant Demographics 

The last part of the survey questionnaire included questions regarding 

the demographic information of the survey participants. This section 

included questions regarding the following: age, length of service with 

the company, education level, job level, gender, experience in the 

trade, marital status, dependents, number of jobs, job security, being 

local or traveler, union status, injury experience, and observing injury 

experience. This information was consistent with the first section of 

survey that asked about the influence of personal and demographic 

factors on safety. The reason for selecting these attributes were 

thoroughly discussed in Sections 2.1 and 2.5. 

In total, 50 responses were collected from the 81 individuals who 

were contacted and agreed to help.  Due to the length of the survey, 
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partial responses were also considered in the analysis. The number of 

responses for field and staff employees (engineers, supervisors, etc.) 

are available in Table 4.1. 

  

Table 4.1 Summary of response rates 

 Number of 
surveys 

distributed 

Number of 
responses 

Response rate 

Field personnel 59 37 62.71 % 

Staff (engineers, 
managers, supervisors, 
and safety) 

22 9 40.9 % 

Overall 81 50 61.72 % 

  

Out of the 50 respondents, 41 (82%)  responded to the 

mechanical section, 11 responded to the electrical section, and three 

participants (two safety engineers and one project managers) 

responded to both sections.  

Figures 4.1 to 4.13 present the demographic information of the 

respondents.  
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Figure 4.1 Distribution of survey participants by age 

 

 

Figure 4.2 Distribution of survey participants by job level 
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Figure 4.3 Distribution of survey participants by length of service 

 

 

 

Figure 4.4 Distribution of survey participants by education level 
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Figure 4.5 Distribution of survey participants by experience 

 

 

 

 

Figure 4.6 Distribution of survey participants by gender 
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Figure 4.7 Distribution of survey participants by marital status 

 

 

Figure 4.8 Distribution of survey participants by number of dependents 
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Figure 4.9 Distribution of survey participants by number of jobs 

 

Figure 4.10 Distribution of survey participants by job security perception 
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Figure 4.11 Distribution of survey participants by Local Vs. Traveler 

 

Figure 4.12 Distribution of survey participants by injury experience 
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Figure 4.13 Distribution of survey participants by injuries observed 

 

4.2 Response Processing 

In this section, the process to prepare the data for analysis is 

discussed. This section includes the response processing for personal 

factors (part 1 of the survey), risk perception (part 2 of the survey), 

hazard identification (part 3 of the survey), and safety knowledge 

(part 4 of the survey). 

4.2.1 Factors Influencing Safety Performance 

As mentioned in earlier sections, participants were asked to give their 

responses in four main sections and demographic information. In the 

first section parts A and B, participants were asked to give their 
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opinion about the impact of personal factors on safety performance by 

choosing any of the following responses (Likert scale): 

 Completely Disagree (value = 1) 

 Disagree (value = 2) 

 Neutral (value = 3) 

 Agree (value = 4) 

 Completely Agree (value = 5) 

As seen above, after the responses were obtained a value one to 

five was assigned to the categories. A sample response and conversion 

for analysis is shown in Figure 4.14. and Figure 4.15 for parts A and B, 

respectively. 

 

 

Figure 4.14 Sample of response for section 1 part A of the survey 
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Figure 4.15 Sample of responses for section 1 part B of the survey 
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In part C of the personal factors section, employees were asked 

to give their opinion regarding the influence of each personal factor. 

For instance, job level factor had five sub-categories: apprentice, 

journeyman, foreman/lead, supervisors/superintendents/project 

managers/engineers, and safety personnel. Employees were asked to 

use the scale shown in Table 4.2. To prepare the data for the analysis, 

this scale was changed to the original five point Likert scale ranging 

from one to five. The conversion is shown in the Table 4.2. 

Table 4.2 Conversion of rating for analysis 

Impact on 
safety 

performance 

Strongly 
Negative 

Negative Neutral (Not 
affecting 

safety 
performance) 

Positive Strongly 
Positive 

Rating -2 -1 0 1 2 

Converted 
rating for 
analysis 

1 2 3 4 5 

 

Figure 4.6 presents a sample response from the survey. 
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Figure 4.16 Sample response of survey for section 1 part c  
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4.2.2 Risk Perception 

In the risk perception part of the survey, the goal was to evaluate the 

perception of the employees with regards to risk of selected work 

scenarios. For this purpose, an objective method to quantify risk, 

described in the methodology section, was incorporated. In order to 

capture the employee’s risk perception, frequencies of incidents for 

different severity levels were solicited. The frequency scale was 

adopted from Dharmapalan (2011) and is shown in Table 2.5. This 

scale assumes 45 hours of work per week and 50 weeks per year in 

order to calculate the incidents per worker hour. 

Table 4.3 Frequency value conversion adopted from Dharmapalan (2011) 

Frequency scale 
value 

Original range Worker-hours 
per incident 

Incidents per 
worker-hour 

10 1hr 1 1.00E+00 

9 1day 9 1.11E-01 
8 1week 45 2.22E-02 
7 1month 189 5.29E-03 
6 6month 1134 8.82E-04 
5 1year 2250 4.44E-04 
4 5years 11250 8.89E-05 
3 10years 22500 4.44E-05 

2 50years 112500 8.89E-06 
1 Negligible Negligible 0.00E+00 

 

For the above mentioned table, Hallowell (2010) emphasized the 

importance of consistent frequency and severity scales for an objective 

evaluation of risk. 
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Severity levels for this research and the values associated with 

each level were calculated and explained in the methodology section. 

These values are shown in Table 4.4. 

Table 4.4 Geometric impact factor for the current research 

Severity category Geometric impact factor for 
the current research 

Near Miss 1 

Non-hospitalized injury 30.57 

Hospitalized injury 506.67 
Fatality 26,214 

 

Consequently, unit risk is calculated by multiplying the severity 

values (S/incident) to the corresponding frequency values (incident/w-

h). The total risk for each scenario is the sum of the unit risks from 

each severity level. This process can be summarized in the following 

Equation: 

𝑆𝑐𝑒𝑛𝑎𝑟𝑖𝑜 𝑡𝑜𝑡𝑎𝑙 𝑅𝑖𝑠𝑘 = ∑ 𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦𝑖 × 𝑆𝑒𝑣𝑒𝑟𝑖𝑡𝑦𝑖
𝐹𝑎𝑡𝑎𝑙𝑖𝑡𝑦
𝑁𝑒𝑎𝑟𝑚𝑖𝑠𝑠        (4.1) 

A sample response for the response (mechanical scenarios) is 

shown in Figure 4.17 and calculation of risk for one severity (non-

hospitalized injury) is demonstrated in Table 4.5 respectively. 
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Figure 4.17 Sample response for mechanical trade scenarios 

 

Table 4.5 Calculation of risk for non-hospitalized severity injury 

Scenario 

# 

Input frequency Incident per 

worker hour 

(F) 

Severity for non-

hospitalized 
injury  

(S) 

Risk 

(S*F) 

1 3 4.44E-05 30.57 
1.36E-03 

2 3 4.44E-05 30.57 
1.36E-03 

3 2 8.89E-06 30.57 
2.72E-04 

 

In order to validate the results with objective data, risk scenarios 

should be calculated based on an objective source. For this research, 

as shown in the methodology section, frequency levels were obtained 

from OSHA’s incident records (OSHA 2015b). As shown in Table 3.8 

and 3.9, the injury causes and their frequency in the past ten years 

were obtained. Next, the worker hours for the mechanical and 
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electrical trade was obtained from OSHA and are presented in Table 

4.6 (OSHA 2015C) 

Table 4.6 Hours worked for mechanical and electrical trade obtained from OSHA 
(2015C) 

 Mechanical Trade Electrical Trade 

Year Hours worked (in millions) Hours worked (in millions) 

2012 1692 1502 

2011 1690 1502 

2010 1810 1502 

2009 1759 1502 

2008 2005 1763 

2007 2241 1849 

2006 2170 1778 

2005 2372 1917 

2004 2219 1757 

2003 2126 1742 

2002 2036 1940 

 

Thus, total number of hours worked in the ten years under 

consideration for the mechanical and electrical trades are 

22,119,500,000 and 18,753,250,000 respectively. When developing 

the risk scenarios with the expert panel, each scenario was associated 

with one or more injury cause. The injury causes and their risk based 

on the actual worked hours are presented in Tables 4.7 and 4.8 (SIC 

1711 and SIC 1731). 
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Table 4.7  Number of injury causes and their calculated risk for each severity level 
(SIC1711) 

# Injury cause 
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1 Animal/Insect attack 0 1 0 0.00E+00 2.29E-
08 

0.00E+
00 

2.29E-
08 

2 Asphyxiation/inhalation of 
toxic vapor 

12 12 12 1.66E-08 2.75E-
07 

1.42E-
05 

1.45E-
05 

3 Caught in/Struck/Cut by 
building equipment 

5 9 0 6.91E-09 2.06E-
07 

0.00E+
00 

2.13E-
07 

4 Caught in/Struck/Cut by Tools 
(Tool Use) 

10 19 1 1.38E-08 4.35E-
07 

1.19E-
06 

1.63E-
06 

5 Caught between Materials 6 3 0 8.29E-09 6.87E-
08 

0.00E+
00 

7.70E-
08 

6 Caught in stationary 
equipment 

4 8 1 5.53E-09 1.83E-
07 

1.19E-
06 

1.37E-
06 

7 Chemical Burn/Chemical 
Exposure 

0 5 0 0.00E+00 1.15E-
07 

0.00E+
00 

1.15E-
07 

8 Collapse of structure 0 4 5 0.00E+00 9.16E-
08 

5.93E-
06 

6.02E-
06 

9 Crushed/run-over by 
construction equipment during 

0 2 3 0.00E+00 4.58E-
08 

3.56E-
06 

3.60E-
06 

10 Crushed/run-over by highway 
vehicle 

0 1 1 0.00E+00 2.29E-
08 

1.19E-
06 

1.21E-
06 

11 Crushed/run-over of non-
operator by operating cons 

2 8 8 2.76E-09 1.83E-
07 

9.48E-
06 

9.67E-
06 

12 Crushed/run-over/trapped of 
operator by operating 

0 4 10 0.00E+00 9.16E-
08 

1.19E-
05 

1.19E-
05 

13 Cut/Laceration Other 1 2 0 1.38E-09 4.58E-
08 

0.00E+
00 

4.72E-
08 

14 Cuts by Materials 1 2 0 1.38E-09 4.58E-
08 

0.00E+
00 

4.72E-
08 

16 Drown, non-lethal fall 0 1 0 0.00E+00 2.29E-
08 

0.00E+
00 

2.29E-
08 

17 Electric Shock from Faulty 
Equipment (Building 
Equipment) 

0 4 5 0.00E+00 9.16E-
08 

5.93E-
06 

6.02E-
06 

18 Electric shock, other and 
unknown cause 

5 4 17 6.91E-09 9.16E-
08 

2.01E-
05 

2.02E-
05 

19 Electrical Burn/Arc Flash 1 3 0 1.38E-09 6.87E-
08 

0.00E+
00 

7.01E-
08 

20 Electrocution by equipment 
contacting wire 

0 1 7 0.00E+00 2.29E-
08 

8.30E-
06 

8.32E-
06 

21 Electrocution by touching 
exposed wire/source 

0 1 21 0.00E+00 2.29E-
08 

2.49E-
05 

2.49E-
05 

22 Electrocution from equipment 
installation/tool use 

0 0 10 0.00E+00 0.00E+
00 

1.19E-
05 

1.19E-
05 

23 Fall from roof 4 30 15 5.53E-09 6.87E-
07 

1.78E-
05 

1.85E-
05 

 

 

 

 



 116 

 
Table 4.7 (Continued) 

# Injury cause 
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24 Fall from vehicle 
(vehicle/construction 
equipment) 

0 4 2 0.00E+00 9.16E-
08 

2.37E-
06 

2.46E-
06 

25 Fall from/with bucket (aerial 
lift/basket) 

1 8 7 1.38E-09 1.83E-
07 

8.30E-
06 

8.48E-
06 

26 Fall from/with ladder 5 80 39 6.91E-09 1.83E-
06 

4.62E-
05 

4.81E-
05 

27 Fall from/with platform 
catwalk (attached to structure) 

2 3 5 2.76E-09 6.87E-
08 

5.93E-
06 

6.00E-
06 

28 Fall from/with scaffold 0 6 8 0.00E+00 1.37E-
07 

9.48E-
06 

9.62E-
06 

29 Fall from/with structure (other 
than roof) 

2 18 10 2.76E-09 4.12E-
07 

1.19E-
05 

1.23E-
05 

30 Fall on the same level 
(Slip\Trip) 

0 3 0 0.00E+00 6.87E-
08 

0.00E+
00 

6.87E-
08 

31 Fall through opening (other 
than roof) 

3 20 11 4.15E-09 4.58E-
07 

1.30E-
05 

1.35E-
05 

32 Fall, other 3 20 8 4.15E-09 4.58E-
07 

9.48E-
06 

9.94E-
06 

33 Fire/explosion 9 34 17 1.24E-08 7.79E-
07 

2.01E-
05 

2.09E-
05 

34 Heart Attack 0 0 16 0.00E+00 0.00E+
00 

1.90E-
05 

1.90E-
05 

35 Heat/hypothermia 0 2 1 0.00E+00 4.58E-
08 

1.19E-
06 

1.23E-
06 

36 Lifting operations 0 1 1 0.00E+00 2.29E-
08 

1.19E-
06 

1.21E-
06 

37 Natural Disaster 0 0 1 0.00E+00 0.00E+
00 

1.19E-
06 

1.19E-
06 

38 Steam/Hot water burn 8 9 0 1.11E-08 2.06E-

07 

0.00E+

00 

2.17E-

07 

39 Struck by falling 
object/projectile 

10 33 21 1.38E-08 7.56E-
07 

2.49E-
05 

2.57E-
05 

40 Trench collapse 5 18 23 6.91E-09 4.12E-
07 

2.73E-
05 

2.77E-
05 

41 Unknown 1 0 6 1.38E-09 0.00E+
00 

7.11E-
06 

7.11E-
06 

42 Unloading-loading 
equipment/material (except by 
crane) 

0 0 3 0.00E+00 0.00E+
00 

3.56E-
06 

3.56E-
06 

43 Wall (earthen) collapse 0 1 3 0.00E+00 2.29E-
08 

3.56E-
06 

3.58E-
06 

44 Work Place Violence 0 0 1 0.00E+00 0.00E+
00 

1.19E-
06 

1.19E-
06 
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Table 4.8 Number of injury causes and their calculated risk for each severity level 

(SIC1731) 

# Injury cause 
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1 Animal/Insect attack 0 0 0 0.00E+
00 

0.00E+
00 

0.00E+
00 

0.00E+
00 

2 Asphyxiation/inhalation of 
toxic vapor 

0 1 7 0.00E+
00 

2.70E-
08 

9.78E-
06 

9.81E-
06 

3 Caught in/Struck/Cut by 
building equipment 

1 2 2 1.63E-
09 

5.40E-
08 

2.80E-
06 

2.85E-
06 

4 Caught in/Struck/Cut by Tools 
(Tool Use) 

4 7 0 6.52E-
09 

1.89E-
07 

0.00E+
00 

1.96E-
07 

5 Caught between Materials 4 4 0 6.52E-
09 

1.08E-
07 

0.00E+
00 

1.15E-
07 

6 Caught in stationary 

equipment 

1 6 3 1.63E-

09 

1.62E-

07 

4.19E-

06 

4.36E-

06 

7 Chemical Burn/Chemical 
Exposure 

0 0 0 0.00E+
00 

0.00E+
00 

0.00E+
00 

0.00E+
00 

8 Collapse of structure 2 5 2 3.26E-
09 

1.35E-
07 

2.80E-
06 

2.93E-
06 

9 Crushed/run-over by 
construction equipment during 

0 3 3 0.00E+
00 

8.11E-
08 

4.19E-
06 

4.27E-
06 

10 Crushed/run-over by highway 
vehicle 

0 8 14 0.00E+
00 

2.16E-
07 

1.96E-
05 

1.98E-
05 

11 Crushed/run-over of non-
operator by operating cons 

0 6 9 0.00E+
00 

1.62E-
07 

1.26E-
05 

1.27E-
05 

12 Crushed/run-over/trapped of 
operator by operating 

1 5 19 1.63E-
09 

1.35E-
07 

2.66E-
05 

2.67E-
05 

13 Cut/Laceration Other 1 1 0 1.63E-
09 

2.70E-
08 

0.00E+
00 

2.86E-
08 

14 Cuts by Materials 0 1 0 0.00E+
00 

2.70E-
08 

0.00E+
00 

2.70E-
08 

16 Drown 0 0 1 0.00E+
00 

0.00E+
00 

1.40E-
06 

1.40E-
06 

17 Drown, non-lethal fall 0 1 0 0.00E+
00 

2.70E-
08 

0.00E+
00 

2.70E-
08 

18 Electric Shock from Faulty 
Equipment (Building 
Equipment) 

0 0 0 0.00E+
00 

0.00E+
00 

0.00E+
00 

0.00E+
00 

19 Electric shock, other and 
unknown cause 

18 67 22 2.93E-
08 

1.81E-
06 

3.08E-
05 

3.26E-
05 

20 Electrical Burn/Arc Flash 9 41 5 1.47E-
08 

1.11E-
06 

6.99E-
06 

8.11E-
06 

21 Electrocution by equipment 
contacting wire 

3 15 22 4.89E-
09 

4.05E-
07 

3.08E-
05 

3.12E-
05 

22 Electrocution by touching 
exposed wire/source 

3 35 148 4.89E-
09 

9.46E-
07 

2.07E-
04 

2.08E-
04 

23 Electrocution from equipment 
installation/tool use 

1 18 36 1.63E-
09 

4.86E-
07 

5.03E-
05 

5.08E-
05 

24 Fall from roof 0 10 7 0.00E+
00 

2.70E-
07 

9.78E-
06 

1.01E-
05 
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Table 4.8 (Continued) 
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25 Fall from vehicle 
(vehicle/construction 
equipment) 

0 5 5 0.00E+
00 

1.35E-
07 

6.99E-
06 

7.12E-
06 

26 Fall from/with bucket (aerial 
lift/basket) 

1 16 24 1.63E-
09 

4.32E-
07 

3.35E-
05 

3.40E-
05 

27 Fall from/with ladder 9 86 45 1.47E-
08 

2.32E-
06 

6.29E-
05 

6.52E-
05 

28 Fall from/with platform 
catwalk (attached to structure 

1 5 4 1.63E-
09 

1.35E-
07 

5.59E-
06 

5.73E-
06 

29 Fall from/with scaffold 0 10 9 0.00E+
00 

2.70E-
07 

1.26E-
05 

1.29E-
05 

30 Fall from/with structure (other 
than roof) 

2 22 7 3.26E-
09 

5.94E-
07 

9.78E-
06 

1.04E-
05 

31 Fall on the same level 
(Slip\Trip) 

0 1 0 0.00E+
00 

2.70E-
08 

0.00E+
00 

2.70E-
08 

32 Fall through opening (other 
than roof) 

1 7 3 1.63E-
09 

1.89E-
07 

4.19E-
06 

4.38E-
06 

33 Fall, other 3 33 18 4.89E-
09 

8.92E-
07 

2.52E-
05 

2.61E-
05 

34 Fire/explosion 7 54 13 1.14E-
08 

1.46E-
06 

1.82E-
05 

1.96E-
05 

35 Heart Attack 1 0 23 1.63E-
09 

0.00E+
00 

3.22E-
05 

3.22E-
05 

36 Heat/hypothermia 1 2 1 1.63E-
09 

5.40E-
08 

1.40E-
06 

1.45E-
06 

37 Lifting operations 1 6 2 1.63E-
09 

1.62E-
07 

2.80E-
06 

2.96E-
06 

38 Motor Vehicle Accident 0 0 3 0.00E+
00 

0.00E+
00 

4.19E-
06 

4.19E-
06 

39 Natural Disaster 0 0 0 0.00E+
00 

0.00E+
00 

0.00E+
00 

0.00E+
00 

40 Other 0 0 0 0.00E+

00 

0.00E+

00 

0.00E+

00 

0.00E+

00 

41 Steam/Hot water burn 0 1 0 0.00E+
00 

2.70E-
08 

0.00E+
00 

2.70E-
08 

42 Struck by falling 
object/projectile 

5 25 16 8.15E-
09 

6.75E-
07 

2.24E-
05 

2.30E-
05 

43 Trench collapse 0 0 4 0.00E+
00 

0.00E+
00 

5.59E-
06 

5.59E-
06 

44 Unknown 0 0 5 0.00E+
00 

0.00E+
00 

6.99E-
06 

6.99E-
06 

45 Unloading-loading 
equipment/material (except by 
cr 

1 0 0 1.63E-
09 

0.00E+
00 

0.00E+
00 

1.63E-
09 

46 Wall (earthen) collapse 0 0 1 0.00E+
00 

0.00E+
00 

1.40E-
06 

1.40E-
06 

47 Work Place Violence 0 0 0 0.00E+
00 

0.00E+
00 

0.00E+
00 

0.00E+
00 



 119 

 
 

 

As discussed previously, each scenario was associated with one 

or more of the injury causes identified by the expert panel. Thus, it 

was possible to calculate the risk of each scenario using the actual 

available data. The following equation shows the calculation of the risk 

based on the values that were calculated in the previous tables: 

𝑅𝑖𝑠𝑘 𝑆𝑐𝑒𝑛𝑎𝑟𝑖𝑜 =  ∑ 𝑇𝑜𝑡𝑎𝑙 𝑈𝑛𝑖𝑡 𝑅𝑖𝑠𝑘𝑖𝑖       (4.2) 

where i is the associated injury cause.   

Tables 4.9 and 4.10 show the associated injury causes’ number 

from Tables 4.8 and 4.7 for each scenario and the calculated risk. 
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Table 4.9 Risk scenarios and associated injury causes for mechanical trade 

No
. 

Scenario Associated 
injury 
causes 

Calculated risk 
based on OSHA 

1 A sheetmetal craft employee is installing a control box 
in a ceiling grid while standing on a 10-ft tall ladder. 

4,14,26 4.97E-05 

2 A pipefitter is installing unsecured, overhead, 2-inch 
diameter steel pipe in 10-ft long sections. Work is 

being done from a scissor lift. 

25,39,36,4 3.70E-05 

3 A mechanical craft employee is using a Sawzall to cut 
a hole in a wall to install a chilled water line. The 

employee did not check whether utilities were present 
in the wall. 

4,20 9.95E-06 

4 A pipefitter installed a 6-inch PVC line with a 
temporary cap on the end, and now needs to test the 
system by pressurizing it. 

39,4, 2.73E-05 

5 A service mechanic is conducting maintenance on a 
rooftop air handler unit which is located 3 feet from 
the edge of the roof. The roof has a low parapet. 

23,17,3 2.47E-05 

6 A plumber is using a portable band saw to cut 

overhead 2-inch steel pipe 

4 1.63E-06 

7 A pipefitter is working in a 2-ft wide by 6-ft tall tunnel 
underneath a building. The worker is welding steel 

pipe to install ammonia lines. 

2 ,33 3.55E-05 

8 A pipefitter is operating a pipe threading machine to 
thread a 3-inch steel sprinkler line. 

6 1.37E-06 

9 A plumber is installing an underground sewer line in a 
4-ft deep excavation on a small site. A backhoe is 
working on a trenching operation nearby. 

9, 40, 4 3.29E-05 

10 A mechanical craft employee is moving pipe on a 
summer day in a hot climate area. 

35,36,5 2.52E-06 

11 A service technician is repairing a steam pipe hanger 

on a live line. 

38,4 1.85E-06 
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Table 4.10 Risk scenarios and associated injury causes for electrical trade 

No. Scenario Associated 

injury 
causes 

Calculated risk 

based on OSHA 

1 An electrician is diagnosing a heating unit panel 
(480V) in a ceiling grid while the unit is operating. The 

work is being done from a scissor lift. 

18,22,20 2.49E-04 

2 An electrician is diagnosing a heating unit panel 
(480V) in a ceiling grid while the unit is operating. The 
work is being done from a ladder. 

18,22,27,19 
 

3.06E-04 

3 An electrician is working on a de-energized panel while 

other trades are installing conduit overhead from a 
platform nearby. 

42,4, 2.32E-05 

4 An owner requests an electrician to secure an old 
panel cover and door while it is energized. The 

condition of the panel inside is unknown to the 
electrician. 

22,18,20,19 2.16E-04 

5 An electrician is demolishing an old light fixture on a 
wall and replacing it with a new fixture. 

4, 5.22,14 2.08E-04 

6 An electrician is cutting an unsecured conduit using a 
portable band saw. 

4,13, 5 3.39E-07 

7 An electrician is placing underground conduit while 

heavy equipment operates nearby in the surrounding 

area. 

9,11,5 1.71E-05 

8 An electrician is working from a ladder near an 
elevator shaft opening. The shaft opening has top and 

mid-guardrails surrounding the opening. 

27,33 9.13E-05 

9 An electrician is installing hangers for conduit on roof 
during the summertime. The weather is hot,  and fall 
protection provided around roof edge 

36,42,4 2.47E-05 

10 A data line installer is moving materials with a cart out 
of a construction storage unit. 

45,5, 1.16E-07 

11 A data craft employee is pulling wire for the 

construction of a data center. 

42 

 

2.30E-05 

 

 

 



 122 

 

4.2.3 Hazard Identification 

This section presents the results of the survey in which participants 

were presented with different pictures and asked to write down the 

hazards (𝐻𝐻
𝐼 ), bad safety practices (𝐻𝐵𝑃

𝐼 ), and good safety practices 

(𝐻𝑃𝑃
𝐼 ). In order to obtain the Multi-Layer Hazard Index (MLHI), which 

was defined in the methodology section and is shown below in 

Equation 4.3, the total number of items in each category was 

developed based on the expert panel’s input  

𝑀𝐿𝐻𝐼 =
𝐻𝐻

𝐼 +𝐻𝐵𝑃
𝐼 +𝐻𝑃𝑃

𝐼

+𝐻𝐻
𝑇+𝐻𝐵𝑃

𝑇 +𝐻𝑃𝑃
𝑇          (4.3) 

Table 4.11 presents the baseline scores of expert panel for the 

hazard identification section of the survey. 
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Table 4.11 Number of identified hazards, bad practices, and good practices based on 
expert panel’s input 

N
o

. Type Identified items 
Number 

of items 

S
c
e
n

a
r
io

 1
 

Hazards 
Present 

Struck by, caught in or between 2 

Bad Safety 
Practices 

No spotter, no warning lines, limited egress, limited swing 
area 

4 

Good 
Safety 
Practices 

Barricade 1 

S
c
e
n

a
r
io

 2
 

Hazards 
Present 

Trip hazard, puncture hazard, ergonomic hazard (lifting), fall 
hazard 

4 

Bad Safety 

Practices 

Poor housekeeping, improper cable fix, open hole, bad 

storage area 

4 

Good 
Safety 
Practices 

Cables wrapped up 1 

S
c
e
n

a
r
io

 3
 

Hazards 
Present 

Fall hazard, struck by hazard, electrical hazards, slip hazard 4 

Bad Safety 
Practices 

Improper ladder location setup, no toe boards, wet floor, 
cables are left hanging with no sign, no netting for openings 

5 

Good 
Safety 

Practices 

Guardrails, danger tapes, good housekeeping, ladder 
setup(fully open) 

4 

S
c
e
n

a
r
io

 4
 

Hazards 
Present 

Strain sprain hazard, caught in , struck by, fire hazard,  trip 
hazard, electrical hazard, cut hazard 

7 

Bad Safety 
Practices 

Improper posture, unsecured material, no fire extinguisher, 
housekeeping 

4 

Good 
Safety 
Practices 

PPE, saw guard, tool belt 3 

S
c
e
n

a
r
io

 5
 

Hazards 
Present 

Electrical hazard, fall hazard, struck by hazard, caught in ore 
between 

4 

Bad Safety 
Practices 

No spotter, no barricade, working close to overhead power 
line, no tag lines, worker on the crane 

5 

Good 

Safety 
Practices 

Outrigger setup, rigging setup, PPE 3 
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The researcher examined all of the participant responses and, 

after comparing them with those from the expert panel, the number 

identified in each category for each scenario was obtained. In the next 

step the hazard index introduced in the methodology is calculated for 

each response to be used in the analysis section. 

 

 

Table 4.11 (Continued) 
N

o
. Type Identified items 

Number 
of items 

S
c
e
n

a
r
io

 6
 

Hazards 
Present 

Fall hazard, struck by hazard, slip trip hazard 3 

Bad Safety 
Practices 

Improper scaffold, no fall protection, to guardrail, no PPE, no 
warning lines, housekeeping , standing under the work area 

7 

Good 
Safety 
Practices 

Spotter, tool belt 2 

S
c
e
n

a
r
io

 7
 

Hazards 

Present 

Electric hazard, fire hazard, caught between, trip hazards, 

cuts 

5 

Bad Safety 
Practices 

Exposed wiring, improper box setup, no covers, no GFCI 4 

Good 
Safety 

Practices 

Fire protection, extension cord is a proper type 2 

S
c
e
n

a
r
io

 8
 

Hazards 
Present 

Caught in, cut, struck by, electrical inhalation, trip hazard, 
heavy objects (lifting) 

6 

Bad Safety 
Practices 

No wet method, no guard on pulley, guard not locked in 
place, poor housekeeping, no face shield is visible 

5 

Good 
Safety 
Practices 

PPE, using a table work station, disconnect switch 3 
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4.2.4 Safety Knowledge 

In this part of the survey, safety questions were presented to the 

employees. The author graded each response and a score (percentage 

of correct answers to all questions) was associated with each 

participant. The correct answer for each question is available in 

Appendix I. Thirteen multiple choice questions were contained within 

the knowledge test. When grading, the total number of correct 

answers was recorded and divided by 13 (total number of questions) 

to obtain their test scores. A sample response from field is shown in 

Figure 4.18. 

 

 

Figure 4.18 A sample of safety knowledge test responses and grading 
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5 Analysis and Discussion 

This section presents the analysis of the processed data in the Results 

section and has two primary goals. First, it aims to answer the 

following research questions: 

1. What are the frequency and probability of incident causes for 

specialty trade contractors? 

2. Are there any correlations between safety knowledge, hazard 

identification, and risk perception of employees? 

3. Do personal demographic factors affect the safety knowledge, 

hazard identification, and risk perception of employees? 

4. Do workers in the construction industry have a higher or lower 

risk perception of activities compared to the actual risk of 

injuries recorded by OSHA? 

The second goal is to create the assessment tool as one of the 

primary objectives of this thesis. To achieve these goals, first a 

statistical analysis of the data was conducted to compare the different 

factors and responses of different demographic groups. Next, these 

results were discussed and compared to previous studies. Lastly, the 

assessment tool is presented and the applications are discussed.  
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5.1 Statistical Analysis and Discussion 

For exploration purposes, data were processed in Microsoft Excel® to 

show the average value of responses for each factor and sub-factor for 

the expert panel and survey respondents. Next, in order to check the 

statistical significant differences between the demographic groups, 

SPSS® was used. The following sections explain the analysis and 

summarize the results. 

5.1.1 Exploratory data analysis 

In the first section of the survey, participants were asked to give their 

responses regarding the influence of the following factors: Personal 

characteristics, Risk perception, Safety knowledge, and Hazard 

identification. Figure 5.1 shows the responses based on a Likert scale. 
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Figure 5.1 Influence of factors on safety performance of individuals based on survey 

 

In this Figure it can be seen that all of the factors have a value 

of at least three and close to four which indicates the importance of 

these factors on impacting the safety performance of individuals. It is 

evident from this graph that Hazard identification and risk perception 

had the highest scores. This indicates that the perception of field 

employees are in line with previous research that emphasizes the 

importance of hazard identification (Adbelhamid et al. 2011; Lu et al. 

2011; Albert et al. 2014) and  risk perception (Howell et al. 2002; 

Carter and Smith 2006; Tixier et al. 2014; Floyd et al. 2014).  

Next, Figure 5.2 shows the average of the responses (using a 

Likert scale) for the sub-categories of personal factors. 
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Figure 5.2 Average of responses (Likert scale) on influence of sub-categories in 
personal factors 

 

Based on the data, three factors were rated lower than the 

others, which meant that survey participants think that those factors 

do not affect the safety of individuals as much as the others. These 

factors were Gender, Marital Status, and Local vs Travelers (field 

perception only). Moreover, Union Status was dropped from the 

analysis due to not having participants from non-union shops. There is 

no unanimous finding on the influence of age on safety. For instance, 

Bosak et al. (2013) found a small correlation between age and risk 

behavior; however, Cohen (1977) found that employers with older 
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employees have better safety performance, and Siu et al. (2003) did 

not find a relationship between safety, age, and incident rates. 

Although the respondents believe that gender has an insignificant 

effect on safety, previous research concluded that female employees 

have lower incident rates and better safety performance (Villanueva 

and Garcia 2011; Feyer et al. 2001; Dimich-Ward et al. 2004; 

European Commission 2004; Lin et al. 2008; Shendell et al. 2013).  

Figures 5.3 to 5.8 show the mean responses from the survey 

respondents regarding the effect of each category of personal sub-

factors on safety. 

 

Figure 5.3 Respondent rating of different Age categories 
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Figure 5.4 Respondent rating of different Length of service categories 

 

From Figure 5.4 it is derived that employees think that workers 

with shorter tenure would more likely get hurt. A study conducted by 

Lin et al. (2008) concluded that fatalities were more common in the 

first year of employment which is in line with the findings of the 

present research. 
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Figure 5.5 Respondents rating of different level of Experience categories 

 

With regards to the level of experience, the findings of 

Vinodkumar and Bhasi (2009) were not conclusive as the level of 

experience was correlated with the age. In the present research, since 

the majority of respondents had more than five years of experience, 

the responses may contain bias. The author recommends expanding 

the survey sample in the future to a broader range of participants. 
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Figure 5.6 Respondent rating of different Education level categories 

 

Fang et al. (2006), Kunar and Bhattacherjee (2006), and 

Ferguson et al. (1984) found that lack of formal education could result 

in higher risk and injury rates. These conclusions are similar to the 

perception of the participants regarding the influence of formal 

education on safety can be seen in Figure 5.6. 
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Figure 5.7 Respondent rating of different Job level categories 

 

Studies carried out by Vinodkumar and Bhasi (2009) and Wu et 

al. (2007) found that higher level employees have a better attitude 

toward and perception of safety climate. Similarly, in the present 

research it was observed that employees think that higher level 

employees have better safety performance. This result could be due to 

a couple of reasons. First, usually higher level employees have more 

experience and training with regards to safety and have been 

previously exposed to several hazards. Second, employees at higher 

levels have more responsibility and try to set an example for the other 
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employees, thus people see them as more safety-conscious than other 

groups. 

 

Figure 5.8 Respondent rating of different demographic categories 

 

According to Figure 5.8, employees rated married people slightly 

higher than not married (respondents rate the married people slightly 

safer). However, both categories have values close to 3.5 or lower 

which indicates that it has a small contribution to potential safety 

performance based on the perception of respondents. In the literature, 

marital status, age, and having dependents have been grouped 

together when responding to the safety impact of these factors (Fang 
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literature, it was concluded that being married, older, and having 

dependents are indicators of more positive attitude toward safety and 

people with these characteristics (more social responsibility) have 

better safety performance. When combining the results of this study 

(Figures 5.3 and 5.8) it can be concluded that employees with these 

three characteristics have a higher rating (safer) than their 

counterpart group. 

 

  



 137 

 

5.1.2 Statistical Analysis 

In order to compare the perception of different demographic groups 

within each of the personal sub-factors, risk scenarios, hazard 

identification score, and safety knowledge test (182 dependent 

variables), the Kruskal Wallis test was carried out. The non-parametric 

method was used because the assumption of normality was not correct 

for some variables and there was uncertainty regarding the equality of 

the distances along the ordering of Likert scores. In case of the 

existence of any evidence for differences among categories, a non-

parametric Mann-Whitney test was utilized for the dependent variable 

being studied. The results of the Kruskal Wallis test are presented in 

Appendix J1-J14. The results of the Mann-Whitney tests, which 

compare all possible pairs within a demographic factor, are shown in 

Tables 5.1 through 5.4 for four personal sub-factors (age, length of 

service, education, and job level). The remaining tables for the other 

sub-factors are available in Appendix J1-J14. In the tables below only 

p-values equal to or lower than 0.10 (showing some evidence of 

difference between sub-groups) are presented. The comparisons for 

which the p-values are greater than 0.10 were left blank since the 

higher p-values indicate that there is no evidence of a difference 

between sub-factors. For instance, for age group pair 2 (age 20-24) 
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versus age group 3 (age 25-34) there was moderate evidence (p-value 

=0.019) that the responses in those age groups have different 

perceptions about the effect of having more than 5 years of experience 

on safety. 

 

Table 5.1 Comparison of the medians between age group’s perception for each factor 
based on Mann Whitney test.   
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Age 2 versus 3  .024+  .019 039    
2 versus 4  .038       
2 versus 5        .061 
2 versus 6  .068       
3 versus 4       .072 .012 
3 versus 5 .008 .009  .007 004 .078 .016 .007 
3 versus 6   .018 .005   .009  
3 versus 7   .019      
4 versus 5 .042 .010 .040   .086   
4 versus 6   .016     .087 
5 versus 6        .028 
5 versus 7   .085   .084   

+P-value 
P- value =0 - 0.01(Convincing evidence); P- value =0.011 - .05 (Moderate evidence); P- value =0.051 
- .010 (Suggestive, but inconclusive evidence); 

*Group 1: 18-19; Group 2: 20-24; Group 3: 25-34; Group 4: 35-44; Group 5:45-54; Group 6: 55-64; 
Group 7: 65 and over 
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Table 5.2 Comparison of the medians between Length of service group’s perception 
for each factor based on Mann Whitney test.   

Factor 
Group 
Pairs* 

Dependent Variable 
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Length 
  
  
  
  
  

1 versus 2  .091 .071     .045  .096 

1 versus 3 .002  .001 .017 .008 .06 .000 .001   
1 versus 4 .044         .024 
2 versus 3 .012 .057  .011 .053 .037 .003    
2 versus 4           
3 versus 4 .033 .032 .046 .026 .047 .010 .000 .036 .005  

+P-value 
P- value =0 - 0.01(Convincing evidence); P- value =0.011 - .05 (Moderate evidence); P- value =0.051 - 
.010 (Suggestive, but inconclusive evidence); 

*Group 1: Less than 3 months; Group 2: 3 to 12 months; Group 3: 1 to 5 years; Group 4: More than 5 
years 
**4 Total and 7 Total: Hazard Identification score for hazard scenario 4 and 7 

 

Table 5.3 Comparison of the medians between education group’s perception for each 
factor based on Mann Whitney test.   

Factor 
Group 
Pairs* 

Dependent Variable 
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Educat
ion 

3 versus 4     .029 .006 .004 .025 .025  .088 

3 versus 5 .016 .013 .000 .000  .019 .046 .023 .002 .001 .047 
4 versus 5 .099 .087 .000 .000 .047     .010 .002 

+P-value 
P- value =0 - 0.01(Convincing evidence); P- value =0.011 - .05 (Moderate evidence); P- value =0.051 - 
.010 (Suggestive, but inconclusive evidence); 

*Group 1: No formal education; Elementary school; Group 3: High school; Group 4: Higher Education; 
Group 5:University; 
**7 Total: Hazard Identification score for hazard scenario 7 
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Table 5.4 Comparison of the medians between Job Level' group’s perception (part 
a)for each factor based on Mann Whitney test  

Factor 
Group 
Pairs* 

Dependent Variable 
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Job Level 
 
 
 
 
 
 
 
 
 

1 versus 2 .007    .013 .035 .015  
1 versus 3    .043     
1 versus 4  .060 .020  .019 .032 .010 .080 
1 versus 5  .040 .035  .047    
2 versus 3 .013     .072  .047 
2 versus 4 .042 .077 .016    .004 .058 
2 versus 5 .099 .037 .055      
3 versus 4  .073    .052 .052 .006 
3 versus 5  .042       
4 versus 5        .061 

+P-value 
P- value =0 - 0.01(Convincing evidence); P- value =0.011 - .05 (Moderate evidence); P- value 
=0.051 - .010 (Suggestive, but inconclusive evidence); 

*Group 1: Apprentice; Group 2: Journeyman; Group 3: Forman/Lead; Group 4: 
Supervisor/Superintendent/Project Manager/Project Engineer; Group 5: Safety Professionals 
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Table 5.5 Comparison of the medians between Job Level' group’s perception (part 
b)for each factor based on Mann Whitney test  

Factor 
Group 
Pairs* 

Dependent Variable 

1Total
** 

2 
Total 
** 

3 
Total 
** 

5 
Total 
**  

6 
Total 
** 

7 
Total 
** 

8 
Tota
l ** 

Test 

          

  
 Job 
Level 
  
  
  

  
  
  
  
  

1 versus 2          

1 versus 3        .075 
1 versus 4  .007 .001 .046 .010  .034  
1 versus 5 .023 .032  .060     
2 versus 3    .093    .070 

2 versus 4 .089 .019 .000 .002 .001 .032 .002  
2 versus 5 .032 .037  .028 .093 .061   
3 versus 4   .069   .059   
3 versus 5 .042     .068   
4 versus 5 .068        

+P-value 
P- value =0 - 0.01(Convincing evidence); P- value =0.011 - .05 (Moderate evidence); P- value =0.051 
- .010 (Suggestive, but inconclusive evidence); 
*Group 1: Apprentice; Group 2: Journeyman; Group 3: Forman/Lead; Group 4: 
Supervisor/Superintendent/Project Manager/Project Engineer; Group 5: Safety Professionals 
**# Total: Hazard Identification score for hazard scenario # 

 

Based on the above-mentioned comparisons, there was no 

evidence that perception of various categories within each 

demographic factor differ for most of the 182 dependent variables. 

However, for 7 to 26 variables, depending on the demographic factor, 

there was evidence [including convincing (p-value 0-0.01), moderate 

(p-value 0.011-0.05), and suggestive (0.051-0.10) evidence] that the 

perception of worker groups within each factor were not similar.  Job 

Security, Job Level, and Job Number showed the highest number of 

differences among categories (26, 21, and 19 variables, respectively). 
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The Mechanical and Electrical Risk measures and Hazard 

Identification of different groups of respondents within each 

demographic factor were compared by using the non-parametric 

Median Test. The non- parametric method was used because normality 

assumptions of the dependent variables were not met. Mood's median 

test verifies the null hypothesis that the medians of the populations 

from which two or more samples are drawn are the same. Mood's 

median test is more robust against outliers than the Kruskal-Wallis 

test (de Smith, 2015). Within most of the mechanical and electrical 

risk measures, one or two data points were extremely different than 

the rest.   The summary of results is shown in Table 5.6. As an 

example, the data in the first row can be interpreted as there being 

moderate evidence (p-value = 0.031) that different age groups have 

different H total partial 4 score (MLHI score without the good practices’ 

score).   Evidence of differences among mechanical respondents was 

only found for Total Partial11 (Unit risk for scenario 11 with no near 

miss risk) in relation to Education and Total Partial 1 (Unit risk for 

scenario 11 with no near miss risk) relative to Observed Injury, Length 

of Service, and Marital Status. Evidence of differences among electrical 

respondents was only found for three variables, E Total Partial 2 (Risk 

of Scenario 2 for electrical trade –No Near Miss), E Total 2 (Risk of 
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Scenario 2 for electrical trade), and E Total 9 (Risk of Scenario 9 for 

electrical trade) within the Job Number factor. For hazard 

identification, some variables showed evidence of differences within all 

demographic variables except Observed Injury, Gender, and Job 

Number. No evidence of differences between males and females were 

observed for all risk and hazard variables. However, for the Average 

Hazard, the existence of differences within Age, Experience, Job Level, 

Job security, Local Traveler, and Union Status was noticed.  This result 

indicates that hazard identification seems to have some relationship 

with some of the demographic factors, which should be considered for 

a thorough investigation. In the case of safety knowledge, the results 

reveal that employees with different education level and length of 

service have different safety knowledge test scores. 

For the Test Score, evidence of a difference within demographic 

factors was only found for Education and Length of Service. It can be 

concluded that in general, demographic factors do not affect risk 

perception of employees. This result was in line with previous research 

conducted by Hallowell (2010) who found no significant correlation 

between demographic factors and risk perception. 
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Table 5.6 Comparison of risk and/or hazard between respondent groups of 
demographic factors 

Demographic factor Risk and /or 
Hazard Variable 

Statistical 
Strength 

Statistical 
Conclusion 

Age H Total Partial 4 P= 0.031 Moderate Evidence 
 H Total 4 P= 0.018 Moderate Evidence 
 H Total Partial 5 P= 0.003 Convincing Evidence 
 H Total 5 P= 0.025 Moderate Evidence 
 Hazard Average P= 0.039 Moderate Evidence 

    
Dependents H Total Partial 6 0.007 Convincing Evidence 
 H Total 6 0.024 Moderate Evidence 

     
Education M Total Partial 11 0.023 Moderate Evidence 
 H Total Partial 7 0.004 Convincing Evidence 
 H Total 7 0.006 Convincing Evidence 
 Test Score 0.009 Convincing Evidence 

    
Experience H Total 1 0.004 Convincing Evidence 
 H Total 4 0.013 Moderate Evidence 
 H Total Partial 5 0.005 Convincing Evidence 
 H Total 5 0.029 Moderate Evidence 
 Hazard Average 0.019 Moderate Evidence 

    
Had Injury H Total Partial 6 0.026 Moderate Evidence 

    
Observed Injury M Total Partial 1 0.019 Moderate Evidence 
    

Gender All 62 Variables  No Evidence 
    

Job Level H Total 2 0.046 Moderate Evidence 

 H Total Partial 3 0.004 Convincing Evidence 
 H Total 3 0.000 Convincing Evidence 
 H Total Partial 5 0.010 Convincing Evidence 
 H Total 5 0.039 Moderate Evidence 
 H Total Partial 6 0.004 Convincing Evidence 
 H Total 6 0.004 Convincing Evidence 
 H Total Partial 8 0.037 Moderate Evidence 
 Hazard Average 0.014 Moderate Evidence 
    

Job Number E Total Partial 2 0.019 Moderate Evidence 
 E Total 2 0.019 Moderate Evidence 
 E Total 9 0.027 Moderate Evidence 
    

Job Security H Total 3 0.027 Moderate Evidence 
 H Total 8 0.017 Moderate Evidence 
 Hazard Average 0.030 Moderate Evidence 
    

Length of Service M Total Partial 1 0.003 Convincing Evidence 
 H Total 2 0.025 Moderate Evidence 
 H Total 3 0.044 Moderate Evidence 
 H Total Partial 6 0.044 Moderate Evidence 
 H Total Partial 7 0.026 Moderate Evidence 
 H Total 7 0.031 Moderate Evidence 
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Table 5.6 (Continued) 

Demographic factor 
Risk and /or 
hazard variable 

Statistical 
Strength 

Statistical 
Conclusion 

 Test Score 0.034 Moderate Evidence 
    

Local versus traveler H Total 5 0.049 Moderate Evidence 
 Hazard Average 0.035 Moderate Evidence 
     

Marital M Total Partial 1 0.039 Moderate Evidence 
 H Total 1 0.001 Convincing Evidence 
 H Total Partial 5 0.015 Moderate Evidence 
    

Union status H Total 2 0.012 Moderate Evidence 
 H Total Partial 3 0.005 Convincing Evidence 
 H Total 3 0.000 Convincing Evidence 
 H Total Partial 3 0.044 Moderate Evidence 
 H Total Partial 6 0.011 Moderate Evidence 
 H Total 6 0.028 Moderate Evidence 
 Hazard Average 0.005 Convincing Evidence 
    

 

 

The average hazard identification score (MLHI) for each hazard 

scenario obtained from the survey participants is presented in Table 5. 

7. As shown in the table, employees have missed approximately 70 to 

85 percent of the hazards and positive safety practices. This finding is 

supported by previous research, however prior researchers reported 

scores are 20 to 30 percent lower (Albert et al. 2014; Bahn 2013). 

This difference could be due to several factors. One factor could be the 

length of survey where survey respondents were in rush to finish the 

survey because of its length and did not put extensive thought into 

their review and assessment of the hazards and safety practices. 

Another reason would be the presentation method used for the survey. 
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Table 5.7 Average hazard identification score (MLHI)  

Hazard Scenario # Partial score* Total score 

1 0.306122 0.323615 

2 0.252551 0.276644 

3 0.22449 0.191523 

4 0.137291 0.158892 

5 0.247166 0.22449 

6 0.271429 0.25 

7 0.231293 0.194805 

8 0.170686 0.164723 

*In this column good practices are not included. 

 

Furthermore, in order to determine whether there is any 

difference between the experts’ and field employees’ perception for 

personal demographic and mechanical and electrical risk variables, the 

Mann Whitney non-parametric test for two independent samples was 

carried out. No evidence of a difference was found between the 

experts’ and non-experts’ opinion for a majority of the 182 dependent 

variables under study (Appendix J3), except for 12 variables (Table 

5.8). Table 5.8 presents the mean and mean rank of the expert panel’s 

and field employees’ opinions together with the p-values and statistical 

conclusions about the existence of any evidence between the two 

groups. For example, the first row indicates that there is suggestive 

evidence (p-value = 0.098) that these two groups rate the importance 

of risk perception differently. There was moderate evidence that 
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experts are different than field employees in terms of safety 

knowledge, hazard identification, age, unit risk of scenario 3 

(mechanical) on near miss severity (M3A), and unit risk of scenario 6 

(mechanical) on near miss severity (M6A). Suggestive evidence of a 

difference was also observed for risk perception, job security, labor 

union, non-union, unit risk of scenario 2 (mechanical) on hospitalized 

injury severity (M2C), unit risk of scenario 6 (mechanical) on non-

hospitalized injury severity (M6B), and unit risk of scenario 10 

(mechanical) on near miss severity (M10A). Although both the experts 

and field employees agreed on the effect of risk perception, safety 

knowledge, hazard identification, age, and job security, the mean 

rating from the experts was higher than that for field employees for 

risk perception, age, and job security, and lower for safety knowledge 

and hazard identification. Experts were neutral about the effect of the 

non-union factor on risk, but field employees somehow disagreed 

about this influence. In addition, the experts disagreed about the 

effect of labor union on risk, while field employees were in agreement 

on this effect. The ratings from experts for M2C, M3A, M6A, M6B, and 

M10A were higher than those from the filed employees. 
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Table 5.8 Comparison of Experts perception with Field Employees  in terms of 
personal  demographic and mechanical and electrical risk variables using Mann 
Whitney U Test 

Expert Panel 
VS Field 
Employees 

Mean Mean Rank Statistical 
Strength 

Statistical 
Conclusion 

Risk 
perception 

Experts 
Non-

Experts 

4.43 
4.16 

Experts 
Field 

Employees 

37.71 
27.78 

P= 0.098 Suggestive 
Evidence 

Safety 
knowledge 

Experts 
Non-

Experts 

3.57 
4.32 

Experts 

Field 

Employees 

16.43 
30.76 

P= 0.016 Moderate 
Evidence 

Hazard 
Identification 

Experts 
Non-
Experts 

4.14 
4.56 

Experts 
Field 
Employees 

18.50 
30.47 

P= 0.040 Moderate 
Evidence 

Age Experts 
Non-
Experts 

4.14 
3.42 

Experts 
Field 
Employees 

38.36 
26.49 

P= 0.049 Moderate 
Evidence 

Job security Experts 
Non-
Experts 

4.14 
3.36 

Experts 
Field 
Employees 

37.43 
26.02 

P= 0.057 Suggestive 
Evidence 

Labor union Experts 
Non-
Experts 

2.57 
3.42 

Experts 
Field 
Employees 

17.86 
29.48 

P= 0.061 Suggestive 
Evidence 

Non-union Experts 
Non-
Experts 

3.00 
2.50 

Experts 
Field 
Employees 

38.29 
27.70 

P= 0.087 Suggestive 
Evidence 

M2C Experts 
Non-
Experts 

4.71 
3.24 

Experts 
Field 
Employees 

28.07 
19.54 

P= 0.081 Suggestive 
Evidence 

M3A Experts 
Non-
Experts 

8.14 
7.15 

Experts 
Field 
Employees 

24.71 
20.24 

P= 0.030 Moderate 
Evidence 

M6A Experts 
Non-
Experts 

8.71 
6.71 

Experts 
Field 
Employees 

30.36 
19.07 

P= 0.021 Moderate 
Evidence 

M6B Experts 

Non-
Experts 

7.00 

5.41 

Experts 

Field 
Employees 

27.93 

19.57 

P= 0.089 Suggestive 

Evidence 

M10A Experts 

Non-
Experts 

7.71 

5.91 

Experts 

Field 
Employees 

28.79 

19.40 

P= 0.057 Suggestive 

Evidence 
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The responses from the expert panel were also compared with 

those from the field employees in terms of unit risk for different 

mechanical and electrical trades, but no evidence of a difference was 

observed between the two groups of respondents (Appendix J4). A 

summary of results is shown in Table 5.9. As can be seen in Table 5.9, 

all of the p-values were above 0.10, suggesting the lack of any 

difference between these groups. 

Table 5.9 Comparison of Experts with Field Employees in terms of unit risk for 
mechanical and electrical trades using Mann Whitney U Test 

Experts VS Field Employees Statistical Strength Statistical Conclusion 

All unit risk for mechanical 
trade 

P> 0.10 No Evidence 

All unit risk for electrical trade P> 0.10 No Evidence 

 

The relationship of hazard identification score and safety 

knowledge score was studied using Pearson’s correlation. This 

parametric test was used because both variables had normal 

distribution. There was moderate evidence that a linear relationship 

existed between hazard identification scores and safety knowledge 

scores (Table 5.9). However, the relationship was not strong (rp=0.35, 

r2
 =0.123) indicating that only 12.3% of the total variation of one 

variable is explained by another variable. This result validates the 

other research efforts to create means and methods to improve hazard 
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identification since training cannot solely improve hazard identification 

significantly (Albert et al. 2013; Albert et al. 2014). 

The correlation coefficients of 44 risk variables with hazard 

identification scores and safety knowledge scores were also obtained. 

In this case Spearman’s Rank Correlation test was used because the 

assumption of normality was not met for several risk variables. 

Contrary to the Pearson correlation, Spearman’s Rank Correlation does 

not require any assumption about the shape of distributions (de Smith 

2015). Except for a few risk variables which are presented in Table 

5.9, no evidence for the relationship of risk variables with hazard 

identification scores and safety knowledge scores was observed 

because the p-values were greater than 0.10, suggesting a lack of 

linear correlation between the pairs of variables under study. Only mild 

negative correlations of E Total Partial 4 and E Total 4 with safety 

knowledge scores were suggested. The analysis shows convincing 

evidence that E Total Partial 2 (unit risk for scenario #2 in electrical 

section – near miss not included) and E Total 2 (unit risk for scenario 

#2 in electrical section) risk variables were negatively and highly 

correlated  (-0.68 and -0.70, respectively) with hazard identification 

scores. The other three correlations were either low or moderate 

significance (Table 5.10). Although there was no general relationship 
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found between risk variables and hazard score, scenario 2 should be 

studied further with a larger sample size to substantiate the results.  

Table 5.10 Linear correlation coefficients among risk variables, hazard identification 
scores, and safety knowledge scores 

Spearman’s Rank Correlation 

 Hazard identification score  Safety knowledge score 
Risk Variable Correlation 

Coefficient 
Statistical 
Strength 

Statistical 
Conclusion 

 Correlation 
Coefficient 

Statistical 
Strength 

Statistical 
Conclusion 

M Total 10 0.32 P= 0.066 Suggestive 
Evidence 

    

E Total Partial1 -0.54 P= 0.045 Moderate 
Evidence 

    

E Total 1 -0.54 P= 0.045 Moderate 
Evidence 

    

E Total Partial 
2 

-0.68 P= 0.007 Convincing 
Evidence 

    

E Total 2 -0.70 P= 0.005 Convincing 
Evidence 

    

E Total Partial 
4 

    -0.46 P= 0.097 Suggestive 
Evidence 

E Total 4     -0.47 P= 0.089 Suggestive 
Evidence 

        

Pearson Correlation 
Variable Average hazard score 

Correlation 
Coefficient 

Statistical Strength Statistical Conclusion 

Safety knowledge score 0.35 P= 0.013 Moderate Evidence 
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Unit risks calculated from the survey (expert panel) were 

compared with those from OSHA for each scenario using the one 

Sample Wilcoxon Signed Rank test (Steel et al. 1997). This non-

parametric test was used because the samples were small (n=7 for 

each scenario) and none of the samples had a normal distribution 

based on the Q-Q probability plot (Thode 2002). A one sample test 

was used since the median of each sample obtained from the survey 

was compared with a fixed value from OSHA for every scenario. A 

summary of the statistical comparisons is given in Table 5.11. Except 

for two cases, which had a p-value of greater than 0.10, there was 

either convincing or moderate evidence (mostly convincing) that the 

unit risks based on the survey are different from the unit risks 

obtained from OSHA. However, Spearman’s Rank Correlation showed a 

moderate relationship (rs= 0.46, p-value 0.033) between the rank 

orders of unit risks calculated from the survey and unit risks from 

OSHA (Table 5.12).  The author concludes that although the risk 

quantities are not the same, the survey participant’s (experts and field 

employees combined) risk perception ratio between the scenarios are 

somewhat similar to risks obtained from the OSHA data. 
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Table 5.11 Comparison of the unit risks calculated from survey (expert panel) with 
the risks reported by OSHA using One Sample Wilcoxon Signed Rank Test 

Unit risk by survey versus unit risk by 
OSHA 

Results 

Survey  OSHA Statistical 
Strength 

Statistical Conclusion 

Risk scenarios for mechanical trade   
Total Partial 1 Scenario 1 P<0.001  Convincing Evidence 
Total 1 B Scenario 1 P= 0.039 Moderate Evidence 
Total Partial 2 Scenario 2 P<0.001 Convincing Evidence 
Total 2 B Scenario 2 P= 0.009 Convincing Evidence 
Total Partial 3 Scenario 3 P<0.001 Convincing Evidence 
Total 3 B Scenario 3 P<0.001 Convincing Evidence 
Total Partial 4 Scenario 4 P<0.001 Convincing Evidence 
Total 4 B Scenario 4 P<0.001 Convincing Evidence 
Total Partial 5 Scenario 5 P<0.001 Convincing Evidence 
Total 5 B Scenario 5 P<0.001 Convincing Evidence 
Total Partial 6 Scenario 6 P<0.001 Convincing Evidence 
Total 6 B Scenario 6 P<0.001 Convincing Evidence 
Total Partial 7 Scenario 7 P<0.001 Convincing Evidence 
Total 7 B Scenario 7 P<0.001 Convincing Evidence 
Total Partial 8 Scenario 8 P<0.001 Convincing Evidence 
Total 8 B Scenario 8 P<0.001 Convincing Evidence 
Total Partial 9 Scenario 9 P<0.001 Convincing Evidence 
Total 9 B Scenario 9 P<0.001 Convincing Evidence 
Total Partial 10 Scenario 10 P<0.001 Convincing Evidence 
Total 10 B Scenario 10 P<0.001 Convincing Evidence 
Total Partial 11 Scenario 11 P<0.001 Convincing Evidence 
Total 11 B Scenario 11 P<0.001 Convincing Evidence 
      
Risk Scenarios for electrical trade    
Total Partial 1 Scenario 1 P= 0.001 Convincing Evidence 
Total 1 B Scenario 1 P= 0.008 Convincing Evidence 
Total Partial 2 Scenario 2 P= 0.001 Convincing Evidence 
Total 2 B Scenario 2 P= 0.013 Moderate Evidence 
Total Partial 3 Scenario 3 P= 0.001 Convincing Evidence 
Total 3 B Scenario 3 P= 0.026 Moderate Evidence 
Total Partial 4 Scenario 4 P= 0.001 Convincing Evidence 
Total 4 B Scenario 4 P= 0.048 Moderate Evidence 
Total Partial 5 Scenario 5 P= 0.001 Convincing Evidence 
Total 5 B Scenario 5 P= 0.395 No Evidence 
Total Partial 6 Scenario 6 P= 0.001 Convincing Evidence 
Total 6 B Scenario 6 P= 0.001 Convincing Evidence 
Total Partial 7 Scenario 7 P= 0.001 Convincing Evidence 
Total 7 B Scenario 7 P= 0.002 Convincing Evidence 
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Table 5.11 (Continued) 

Unit risk by survey versus unit risk by 

OSHA 

Results 

  
Total Partial 8 Scenario 8 P= 0.001 Convincing Evidence 
Total 8 B Scenario 8 P= 0.108 No Evidence 
Total Partial 9 Scenario 9 P= 0.001 Convincing Evidence 
Total 9 B Scenario 9 P= 0.004 Convincing Evidence 
Total Partial 10 Scenario 10 P= 0.001 Convincing Evidence 
Total 10 B Scenario 10 P= 0.001 Convincing Evidence 
Total Partial 11 Scenario 11 P= 0.001 Convincing Evidence 
Total 11 B Scenario 11 P= 0.047 Moderate Evidence 
 

 

Table 5.12 Spearman’s Rank Correlation between the rank orders of unit risks from 

the survey and unit risks from OSHA 

Variable Statistical results 

Correlation of Unit risks from 
survey with Unit rRisks from 

OSHA 

Correlation 
Coefficient 

Statistical 
Strength 

Statistical 
Conclusion 

Total B 0.46 P=0.033 Moderate 
Evidence 

Total Partial 0.46 P=0.033 Moderate 
Evidence 
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5.2 Safety Assessment Tool 

5.2.1 Development Process 

In this section a framework for the tool is described and the factor 

weights calculated based on the survey. Next, applications of the tool 

and framework are discussed. 

As shown in the Figure 5.9 in order to complete the model to 

calculate the assessment score, five steps are required. The test score 

is based on the four main sections of the survey:  

 Influence of personal factors on safety performance of a field 

employee (𝛼𝑋) 

 Influence of risk perception on safety performance of a field 

employee (𝛽𝑌) 

 Influence of hazard identification skills on safety performance of 

a field employee (𝛾𝑍) 

 Influence of safety knowledge on safety performance of a field 

employee (𝜃𝑇) 
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Figure 5.9 Model structure and steps 

 

 Step 1: In order to calculate the weight factors for the model a 

survey question was used. In the survey the employees were 

asked to give their opinion using a Likert scale of the impact of 

the four main categories on safety (Survey section 1 part a). 

Table 5.13 shows the obtained results and the calculation of the 

weights. 
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Table 5.13 Average rating of the factors and their weight 

 Personal 

factors 

𝜶 

Risk 

Percepti
on 

𝜷 

Safety 

Knowled
ge 

𝜸 

Hazard 

Identificati
on 

𝜽 

Total 

Average value from 

survey (Likert scale) 

3.8 4.2 4.2 4.5 16.8 

Weight (percent of Likert 

scale value relative to 

the sum of the Likert 

scale values for all four 

categories) 

22.91% 25.00% 25.21% 26.88% 100% 

 

 Step 2: To calculate the personal factor score (X) value two 

values are needed (Xbi, Xci). Equation 5.1 shows the calculation 

of X. 

 

𝑋 = ∑ 𝑋𝑏𝑖 ∗ 𝑋𝑐𝑖𝑖       (5.1) 

where “i" refers to the different demographic factors.  

Xbi is the weight of each sub-demographic factor (e.g. age, 

gender, etc.) inside the personal factors. These weights were obtained 

from the survey (Likert scale). Weights are calculated by dividing each 

sub category’s average scale by the total value of all scales. Table 5.13 

shows the calculated weights. 
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Table 5.14 Average weight of the demographical factors and the calculated weight 
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The sub-factors that are zero in Table 5.13 are due to having a 

Likert scale value of less than three, which indicates that those factors 

do not impact the safety performance. 

Xci is the value of each sub-category from the Xbi section. For 

instance, XcAge is the sub-age category’s impact value on XbAge.  In 

the survey, employees were asked to rate each of the categories, then 

the rates were converted to a Likert scale. Xci, depending on the 

category, could have more than one sub-categories (e.g., age has six 

sub-categories ranging from 18-19 to +65), however only one of the 

categories is applied to the employee for assessment. Thus, the 
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maximum Likert rating in each category is considered to have 100% of 

the weight. For example in the sub-categories of the age group, 

category 45-54 has the highest Likert value (3.98) and it is considered 

as the baseline for other age categories. Weights in each sub-category 

are calculated by dividing the Likert value of that sub-category by the 

maximum Likert value of the category. In the age example, if the 

employee is in the 25-34 age sub-category (Likert value of 3.42), then 

Xci is calculated as 2.63 divided by 3.98 resulting in the weight of 

86%. Furthermore, if the Likert value is below three, the weight will be 

set to zero. There are no negative points in this framework and since 

the overall score (assessment score) is out of one (100%), it is 

assumed that categories below three will not have any advantage 

toward safety performance. 

Figure 5.10 shows the calculated values for each of the sub 

categories of personal factors. 
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Figure 5.10 Calculated weight values for each of the sub-categories 
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The risk perception score (Y) value in the assessment equation 

(5.2) is calculated by the following equation (5.2): 

𝑌 =
∑ (1−

|𝑈𝑅𝑒𝑗−𝑈𝑅𝑚𝑗|

𝑈𝑅𝑚𝑗
)𝑗

𝑗
     (5.2) 

In Equation 5.2, j is the number of risk scenarios; 𝑈𝑅𝑒𝑗 is the 

unit risk based on the employee’s response for Scenario j; 𝑈𝑅𝑚𝑗 is the 

unit risk based on the median of responses from the survey for 

Scenario j. 

The median of the unit risks was used because, as seen 

previously in this section, the medians of the responses were 

correlated with unit risks obtained from the OSHA data, thus making 

them a valid comparison point.  

Hazard identification score (Z) and safety knowledge score (T) 

values are obtained based on the employee’s response to the hazard 

identification and safety knowledge questions. Z is basically the MLHI 

value explained in the previous section (total number of hazards, bad 

safety practices, and good safety practices identified by the employee 

divided by total number of hazards, bad practices, and good practices 

identified by the expert panel). T is the percentage of right answers in 

the test. 
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5.2.2 Application 

A mechanical and electrical construction company can use this tool to 

evaluate the potential safety performance of field employees and 

identify problem areas before employees get injured. Moreover, the 

tool can be used to benchmark the employees based on the framework 

values and obtain the correlation of these value with the company’s 

actual incident rates. Currently there are no tools available to track 

these factors in individuals. It would be of interest to see the effect of 

involvement in an accident.  

5.2.3 Example of implementation 

Suppose an employee has been hired with following attributes: 

 Age: 20-24 

 New hire, no other job 
 1 and a half years of experience in the trade 

 High school education 
 Apprentice 

 No dependents 
 Has never had a severe injury or observed one 

 He think he has job security (this is an ongoing long term 
project) 

 He has had OSHA 10 Hour Construction  training 
 His safety knowledge test score is 85% 

 Hazard identification score: 30% 
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Figure 5.11 shows the categories selected for the example 

employee based on the information provided.

 

Figure 5.11 Selected categories for the example employee 

 

Table 5.15 shows the calculated values for Xbi, Xci, and X based on 

the example employee information and survey. 
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Table 5.15 Calculated values for Xbi, Xci, and X based on the example employee 
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For the Risk perception score (Y) the employee has ranked each 

scenario as shown in Table 5.16: 
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Table 5.16 Calculation of risk perception score (Y) for the example employee 
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Score (Y) 
60% 25% 26% 4% 0%* 0%* 0%* 0%* 51% 0%* 0%* 15% 

* When the difference with median is more than 100%, a zero percent is assigned to that scenario’s 
risk score 

 

The calculation of overall score based on the previous findings is 

shown in Table 5.17. 

 

 

 

 

 

 



 166 

 
Table 5.17 Calculation of assessment score for the example employee 

  Personal 

Factors 

Risk 

Perception 

Safety 

Knowledge 

Hazard 

Identificatio

n 

Total 

Weight (percent of 
Likert scale value 
to sum of the Likert 
scale values for all 
four categories) 
𝜶, 𝜷, 𝜸, 𝜽 

22.91% 25.00% 25.21% 26.88% 100% 

Example  (X,Y,Z,T) 38.16% 15% 85% 30%  

Total= X𝜶,Y𝜷,Z𝜸,T𝜽 8.74% 3.75% 21.41% 8.06% 41.96% 

 

The core for the given example was calculated as 41.96%. This 

shows that the person could get only 41.96% of the possible score. 

However, whether this score in general means they are safe or not 

needs further investigation. This score could be used to show that the 

employee has a problem in risk perception (15%) and in hazard 

identification (30%), and the employer should focus on improving 

these two aspects.  
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6 Conclusion 

The primary objective of this study was to create a tool for contractors 

to benchmark the potential safety performance of their employees in 

the mechanical and electrical trades. Currently there is no 

comprehensive and multi-dimensional tool available for construction 

companies to assess and benchmark potential safety performance of 

employees. 

In order to develop this assessment tool, internal and individual 

related factors influencing the safety performance of the workers 

needed to be identified.  Using construction and occupational safety 

literature, a list of personal and individual related factors was created. 

The four main categories of factors were personal demographic 

factors, risk perception, hazard identification, and safety knowledge.  

Each of these categories was incorporated into a survey questionnaire 

to capture input from field employees. This research focused on 

mechanical and electrical trades and field employees in these trades 

including apprentices, journeymen, foremen, leads, superintendents, 

project managers, project engineers, and safety professionals. Since 

the research focused on individual workers, field personnel were 

selected as participants for the survey as their input and perception 

were required to build and benchmark the model for the tool. The 
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participants were asked to give their perception about the impact of 

factors on safety performance, rate frequency of injuries for different 

severity categories associated with risk scenarios, identify hazards in 

various hazard scenarios, and answer safety knowledge questions.  

Survey responses were collected and processed. Additional 

analysis was required to obtain the risk units for the risk scenarios and 

hazard identification score based on the responses. Moreover, the risks 

associated with work operations in scenarios based on OSHA records 

were quantified. Further analysis was conducted on these factors and 

sub-factors to statistically compare different demographics groups for 

each of the factors and correlation of perceived risks with risks 

obtained based on OSHA records. This study showed a moderate 

relationship (rs= 0.46) between the rank orders of unit risks calculated 

from the survey and unit risks from OSHA. 

Ultimately a model was suggested based on the obtained data 

and analysis. The suggested model can be used by mechanical and 

electrical contractors to improve construction safety. When a new 

employee is hired, a small amount of information is available about the 

employee. This tool could be used as a starting benchmark to identify 

which areas of safety need to be focused on for each employee. For 

instance, if the employee scores low in the hazard identification 
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section, the employer could focus on training the employee in 

recognizing hazards or having their supervisors prepare more detailed 

pre-task plans for those individuals. 

Ultimately a contractor can use the suggested framework to 

build the customized model after capturing the discussed data in this 

framework. This information would provide contractors with more 

accurate weighting of factors to identify problem areas for better 

planning. 

In conclusion, the following summarizes the conclusions relative 

to each research question: 

 A literature review was conducted to identify any available 

comprehensive tool for assessing the safety performance of the 

employees. The literature concluded that there were no 

comprehensive tools available. (Research question 1) 

  The literature review and an interview of the expert panel were 

conducted to identify the factors that impact the safety of the 

employees without considering outside factors. A list of factors 

was created. Similarly, this process was conducted for the 

personal demographic factors as well and the list of sub factors 

that impact safety was created. (Research questions 2,3) 
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 A literature review was conducted and identified methods that 

could objectively assess risk perception. Also a method to test 

the employee’s ability to identify hazards was incorporated. 

Furthermore, in order to compare the result with an objective 

source, OSHA incidents were analyzed. (Research questions 4,5) 

 A statistical analysis and comparison of data was conducted to 

answer research questions 6, 7, and 8. 

 Finally a framework was proposed based on the obtained data to 

assess the safety performance of field employees to satisfy the 

main objective of this research. 

6.1 Limitations 

The research limitations of this study are as follows: 

 The weighting of the factors is based on the perception of the 

field employees and not correlated to the incident rates. Thus, it 

could create a bias based on demographics of the respondents. 

 OSHA incident records are accurate for severe injuries 

(hospitalized injuries and fatalities). Thus, the numbers for non-

hospitalized injuries are not reflective of the range of actual 

injury occurrences. Moreover, OSHA records do not cover near 
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misses, and therefore near misses are not represented well in 

the framework. 

 A process to calculated unit risks for risk scenarios included 

associating each risk scenario with the injury causes which was 

based on the expert panel’s input. This could bring some 

subjectivity for this process even though the data are objective. 

This could potentially impact he comparison of data with OSHA 

based records. 

 The survey questionnaire required at least half an hour to 

complete. Thus, in the section where a descriptive input was 

required (hazard identification section), participants might have 

not spent enough time to finish the section in detail. 

 Employees were given a week to complete the survey. Even 

though the survey was confidential, employees might have been 

uncomfortable in getting low scores in safety knowledge; thus 

they could have used aid to answer the questions. 

  Survey samples in this study were convenience samples. Thus, 

the scope of this research may not be statistically extended to a 

greater population. 

 This study has only focused on mechanical and electrical 

construction trades in the United States. Thus, the perceptions 
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are limited to specific trades and do not represent construction 

industry as a whole. Different trades have different qualification 

and training requirements. Hence, the tool could produce 

different results for trades other than mechanical and electrical, 

e.g., carpentry. 

 The expert panel consisted of only seven members.  These seven 

members were mostly safety focused and also have worked only 

Pacific Northwest so their perceptions are influenced by the 

construction environment in the region and not necessarily all of 

the United States. 

 Demographics information of the participants indicates that not 

all of the groups were surveyed. For instance, non-union field 

employees are not represented in this research. Lack of having 

representatives from majority of demographical groups would 

create a bias. As an example, in this research it was found that 

non-union people had lower rating 

 The risk and hazard scenarios were presented in a non-

interactive method (description and pictures) to the workers. 

Thus the participants might not understand the situations in the 

scenarios completely.  
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 Legal and ethical issues could arise when implementing the tool. 

These issues could occur when an employee scores a low rating 

from the tool and the employer assigns them to a risky job 

without any further actions. However, it could be argued that if 

the employer takes proper action to improve the score of the 

employee, and re-evaluates the employee, the legal and ethical 

issues could be mitigated. 

6.2 Recommendations 

Information regarding the employee’s potential safety performance 

should ideally be available to the company before an incident happens. 

This research suggests a preliminary framework to address the issue. 

It provides the company a benchmarking tool to assess an employee’s 

potential safety performance on a project. However, this framework 

can be extended and enhanced upon. The framework can be used as a 

foundation for companies and researchers to further investigate the 

risk perception, safety knowledge, hazard identification, and personal 

demographical factors. This study incorporated methods, scales, and 

ideas from previous research. It is recommended future research be 

consistent with the assumptions made in the study when capturing 

information for each section. 
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6.2.1 Broader representation of the employee 

demographics 

As it was shown in section four of the thesis, the survey participants 

were not distributed across all of the demographic categories. For 

example, the survey captured input from union employees only. Thus, 

it is recommended that the developed survey be conducted for other 

projects and settings in order to obtain a broader perspective of 

worker perceptions. 

6.2.2 Validation of research 

A crucial additional research study is to validate the results with 

secondary data. This step is an important part of developing the model 

for commercial purposes and confirming the accuracy of the developed 

tool. In the current research, in order to validate the results, different 

methods were used in each section. For the personal demographic 

factors, the effects of the factors were compared with the findings of 

previous studies. In the risk perception section, the risk values were 

compared with the calculated risks based on OSHA incident records. 

These incidents were reviewed and injury causes were associated with 

each scenario by the expert panel. The first issue in this process is that 

the number of OSHA incident records that are low severity cases were 
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extremely low. The limitation that the OSHA records are limited to high 

severity incidents was mentioned by Hallowell (2010). The second 

issue is the assignment of injury causes to each scenario by the expert 

panel can add some degree of subjectivity to it. Furthermore, the 

effect of the hazard identification score and safety knowledge is based 

on the worker perceptions and was only validated with previous 

research.  Author recommends that this tool would be used in some 

large scale projects in order to gather the actual injury data. 

The author recommends implementing the tool in a company as 

a preliminary benchmarking tool. This implementation would be 

followed by capturing the actual injury rates and associate the rates 

with the factors, risk perceptions, hazard identification skills, and 

safety knowledge. Also, it is worthwhile conducting a study to find the 

weighting factors of each injury cause associated with each risk 

scenario. 

6.2.3 Presentation of scenarios 

In the current research, written descriptions of scenarios and pictures 

of scenarios were used to capture the risk perception of the workers 

and their hazard identification abilities, respectively. However, these 

methods are not the most accurate means of capturing such data. 
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Although the scenarios were written with the expert panel’s 

input, and went through several revisions to create non-suggestive 

scenarios, this process could not be achieved for all scenarios as some 

of the situations had to be described, e.g. hot weather, or inadequate 

fall protection. Also readers might have interpreted the scenarios 

differently based on how they read it. In the case of the picture 

scenarios to assess the hazard identification abilities, the pictures lack 

the ability to capture the overall situation. For instance, a ladder near 

an opening might just be stored and not used but the picture indicates 

it as an improper ladder setup. Consequently the author recommends 

incorporating other innovative methods such as virtual reality or game 

technologies so the employees and survey participants can grasp the 

holistic situation in each specific scenario. 

6.2.4 Weighted scoring for hazard identification 

In this research, when calculating the MLHI, all identified hazards, 

good safety practices, and bad safety practices were given the same 

value regardless of the severity of the consequences. It is 

recommended by the author that in future research, identified 

hazards, bad safety practices, and good safety practices should be 

weighted based on their severity. For instance, failing to identify a fall 
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hazard could have much more dire consequence than failing to identify 

a housekeeping issue. 

6.2.5 A framework for other trades in construction 

This research focused only on the mechanical and electrical trades in 

construction. This focus enabled creating more specific risk scenarios 

and increasing accuracy in assessing the situation. However, the 

author suggests conducting a study on other construction trades, e.g., 

concrete and formwork, with similar assumption so that different 

trades can be compared for further improvement of the model. 
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Appendix A: ConstructSecure example 
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Appendix B: SafetyInfo survey 
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Appendix C: KPI audit
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Appendix D: Java code 

 

import org.jsoup.Jsoup; 

import org.jsoup.nodes.Document; 

import org.jsoup.nodes.Element; 

import org.jsoup.select.Elements; 

 

import java.io.*; 

import java.util.*; 

 

 

public class ReadURL { 

 

    public static List<String> generateLinks(int fileNumber) throws IOException { 

        List<String> links = new ArrayList<String>(); 

        BufferedReader br = new BufferedReader(new FileReader(fileNumber+".txt")); 

        String currUrl = ""; 

        String baseLink; String[] splited; 

        while((currUrl = br.readLine()) != null){ 

            splited = currUrl.split("\\?id="); 

            baseLink = splited[0] + "?id="; 

            splited = splited[1].split("&id="); 

            for(String s:splited){ 

                links.add(baseLink + s); 

            } 

        } 

        return links; 

    } 

    public static void main(String[] args) throws IOException { 
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        int fileNumber = 1731; 

        List<String> links = generateLinks(fileNumber); 

        //BufferedReader br = new BufferedReader(new FileReader(fileNumber+".txt")); 

        int numOff = 0; 

        /*String s32; StringTokenizer st2; int numid = 0; 

        while((s32 = br.readLine()) != null){ 

            String[] ss = s32.split("id="); 

            numid += ss.length - 1; 

        } 

        System.out.println(numid);*/ 

        int numid = 0, numOrId =0; 

        int test1 = 0, test2 = 0, test3 = 0, test4 = 0; 

        boolean end = false; 

        Map<String, Integer> uniqueFatCauses = new HashMap<String, Integer>(); 

        //Map<MatchCauseDegree, Integer> fatDeg = new HashMap<MatchCauseDegree, Integer>(); 

        Set<String> allFatCauses = new HashSet<String>(); 

        Map<String, Integer> fatDeg1 = new HashMap<String, Integer>(); 

        Map<String, Integer> fatDeg2 = new HashMap<String, Integer>(); 

        Map<String, Integer> fatDeg3 = new HashMap<String, Integer>(); 

        Map<String, Integer> fatDeg4 = new HashMap<String, Integer>(); 

        PrintWriter pw = new PrintWriter(new FileWriter("output_notSpec&Other_"+fileNumber+".txt")); 

        ArrayList<String> natrueList = new ArrayList<String>(); 

        ArrayList<String> causeList = new ArrayList<String>(); 

        ArrayList<String> fatCauseList = new ArrayList<String>(); 

        ArrayList<String> List1 = new ArrayList<String>(); 

        ArrayList<String> List2 = new ArrayList<String>(); 

        //while((currUrl = br.readLine()) != null){ 

        BufferedWriter bw; 

        for(String currUrl : links){ 
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            boolean id = false, inspection = false, age = false, sex = false, degree = false, nature = false, 

occupation = false, construction = false; 

            double idVal = -1, ageVal = -1; 

            String accNum = "", inspecVal = ""; 

            String degVal = "", natureVal = "", ocpVal = "", causeVal = "", fatCauseVal = "", titleVal = "", 

eventDateVal = "", endUseVal = "", projTypeVal = ""; 

            //currUrl = 

"https://www.osha.gov/pls/imis/accidentsearch.accident_detail?id=202023818&id=200359214&id=20136

3652&id=200375483&id=201614732&id=200359081&id=201495157&id=200375442&id=200776458&id=

200375467&id=200542082&id=200542074&id=170627236&id=202528378&id=200604718&id=2024772

12&id=200533990&id=201381340&id=201023348&id=200651784"; 

            Document doc = Jsoup.connect(currUrl).timeout(60000).get(); 

            bw = new BufferedWriter(new FileWriter("links" +fileNumber + "\\" + currUrl.split("\\?id=")[1] + 

".html")); 

            bw.write(doc.html()); 

            bw.flush(); 

            bw.close(); 

            Elements body = doc.select("table"); 

            int counter = 0; 

            String[] lines = doc.html().split("\\n"); 

            boolean start1 = false, start2 = false, start3 = false; 

            int index = 0, countSIC = 0; 

            ArrayList<String> rowNum = new ArrayList<String>(); 

            String line; 

            StringTokenizer st; 

            String inspecTmpVal = ""; 

            while(index < lines.length){ 

                line = lines[index++]; 

                if(line.contains("blueBoldTen")){ 

                    if(line.contains("Accident:")){ 

                        start1 = true; 

                        if(line.contains("Event Date")){ 

                            List1.add(accNum); 
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                            eventDateVal = line.split("Event Date: ")[1].split("<")[0]; 

                        } 

                        else{ 

                            String res = line.split(">Accident: ")[1]; 

                            st = new StringTokenizer(res, "-"); 

                            accNum = st.nextToken().split(" ")[0]; 

                            titleVal = st.nextToken().split("<")[0]; 

                            if(st.hasMoreTokens()){ 

                                String s = st.nextToken().split("<")[0]; 

                                if(!s.contains("br")){ 

                                    titleVal += s; 

                                } 

                            } 

                            if(titleVal.contains(";")){ 

                                String s = titleVal; 

                                String[] spl = s.split(";"); 

                                titleVal = spl[0]; 

                                for(int is = 1; is < spl.length; is++) 

                                    titleVal += "," + spl[is]; 

                            } 

                        } 

                    }else if(line.contains("SIC")){ 

                        countSIC++; 

                        while(!line.contains("blueTen")) 

                            line = lines[index++]; 

                        st = new StringTokenizer(line.split("inspection_detail\\?id=")[1], "><"); 

                        st.nextToken(); 

                        inspecTmpVal = st.nextToken(); 

                        line = lines[index++]; 
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                        line = lines[index++]; 

                        st = new StringTokenizer(line.split("sic_manual")[1], "><"); 

                        st.nextToken(); 

                        int tmp = Integer.valueOf(st.nextToken()); 

                        if(tmp == fileNumber){ 

                            numOrId++; 

                            rowNum.add(inspecTmpVal); 

                            //map1.put(accNum, countSIC); 

                        } 

                    }else if(start1 && line.contains("Keywords:")){ 

                        List2.add(accNum); 

                        start2 = true; 

                        test3++; 

                    } 

                    else if(start1 && line.contains("End Use")){ 

                        start2 = true; 

                        while(!line.contains("blueTen")) 

                            line = lines[index++]; 

                        st = new StringTokenizer(line, "><"); 

                        st.nextToken(); 

                        st.nextToken(); 

                        endUseVal = st.nextToken(); 

                        line = lines[index++]; 

                        st = new StringTokenizer(line, "><"); 

                        st.nextToken(); 

                        st.nextToken(); 

                        projTypeVal = st.nextToken(); 

                    }else if(start1 && start2 && line.contains("Inspection")){ 

                        while(!line.contains("<tr>")){ 



 194 

 
                            if(line.contains("Inspection")){ 

                                id = true; 

                                inspection = true; 

                                counter+=2; 

                            } 

                            if(line.contains("Age")){ 

                                age = true; 

                                counter++; 

                            } 

                            if(line.contains("Sex")){ 

                                sex = true; 

                                counter++; 

                            } 

                            if(line.contains("Degree")){ 

                                degree = true; 

                                counter++; 

                            } 

                            if(line.contains("Nature")){ 

                                nature = true; 

                                counter++; 

                            } 

                            if(line.contains("Occupation")){ 

                                occupation = true; 

                                counter++; 

                            } 

                            if(line.contains("Construction")){ 

                                construction = true; 

                                counter++; 

                            } 
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                            line = lines[index++]; 

                        } 

                        test1 = countSIC; 

                        countSIC = 0; 

                        while(true){ 

                            countSIC++; 

                            line = lines[index++]; 

                            if(inspection){ 

                                //inspecVal = line.split(">")[2].split("<")[0]; 

                                line = lines[index++]; 

                                inspecVal = line.split(">")[2].split("<")[0]; 

                            } 

                            if(age) 

                                line = lines[index++]; 

                            if(sex) 

                                line = lines[index++]; 

                            if(degree){ 

                                line = lines[index++]; 

                                degVal = line.split(">")[1].split("<")[0]; 

                            } 

                            if(nature){ 

                                line = lines[index++]; 

                                natureVal = line.split(">")[1].split("<")[0]; 

                            } 

                            if(occupation){ 

                                line = lines[index++]; 

                                ocpVal = line.split(">")[1].split("<")[0]; 

                            } 

                            if(construction){ 
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                                line = lines[index++]; 

                                causeVal = line.split("Cause</b>: ")[1].split("<")[0]; 

                                fatCauseVal = line.split("FatCause</b>: ")[1].split("<")[0]; 

                            } 

                            if(rowNum.contains(inspecVal)){ 

                                numid++; 

                                if(!start3) 

                                    numOff++; 

                                System.out.println(accNum + "; " + inspecVal + "; " + titleVal + "; " + 

eventDateVal + "; " + endUseVal + "; " +  projTypeVal + "; " + degVal + "; " + natureVal + "; " + ocpVal 

+ "; " + causeVal + "; " + fatCauseVal + ";"); 

                                if(fatCauseVal.equals("") || fatCauseVal.equals("Other") || degVal.equals("")){ 

                                    //degVal.equals("") 

                                    pw.println(accNum + "; " + inspecVal + "; " + titleVal + "; " + eventDateVal + "; 

" + endUseVal + "; " +  projTypeVal + "; " + degVal + "; " + natureVal + "; " + ocpVal + "; " + causeVal 

+ "; " + fatCauseVal + ";"); 

                                    pw.flush(); 

                                } 

                                if(uniqueFatCauses.get(fatCauseVal) == null) 

                                    uniqueFatCauses.put(fatCauseVal, 1); 

                                else 

                                    uniqueFatCauses.put(fatCauseVal, uniqueFatCauses.get(fatCauseVal)+1); 

                                allFatCauses.add(fatCauseVal); 

                                if(degVal.equals("Non Hospitalized injury")){ 

                                    if(fatDeg1.get(fatCauseVal) == null) 

                                        fatDeg1.put(fatCauseVal, 1); 

                                    else 

                                        fatDeg1.put(fatCauseVal, fatDeg1.get(fatCauseVal)+1); 

                                }else if(degVal.equals("Hospitalized injury")){ 

                                    if(fatDeg2.get(fatCauseVal) == null) 

                                        fatDeg2.put(fatCauseVal, 1); 
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                                    else 

                                        fatDeg2.put(fatCauseVal, fatDeg2.get(fatCauseVal)+1); 

                                }else if(degVal.equals("Fatality")){ 

                                    if(fatDeg3.get(fatCauseVal) == null) 

                                        fatDeg3.put(fatCauseVal, 1); 

                                    else 

                                        fatDeg3.put(fatCauseVal, fatDeg3.get(fatCauseVal)+1); 

                                }else if(degVal.equals("")){ 

                                    if(fatDeg4.get(fatCauseVal) == null) 

                                        fatDeg4.put(fatCauseVal, 1); 

                                    else 

                                        fatDeg4.put(fatCauseVal, fatDeg4.get(fatCauseVal)+1); 

                                }else 

                                    System.out.println("HEREEEE: " + fatCauseVal); 

//                                if(fatDeg1.get(fatCauseVal) == null ) 

//                                MatchCauseDegree mcd = new MatchCauseDegree(fatCauseVal, degVal); 

//                                if(fatDeg.get(mcd) == null) 

//                                    fatDeg.put(mcd, 1); 

//                                else{ 

//                                    fatDeg.put(mcd, fatDeg.get(mcd)+1); 

//                                } 

                                natrueList.add(natureVal); 

                                causeList.add(causeVal); 

                                fatCauseList.add(fatCauseVal); 

                            } 

                            line = lines[index++]; 

                            line = lines[index++]; 

                            if(!line.contains("<tr>")){ 

                                if(test1 != countSIC) 
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                                    test2++; 

                                break; 

                            } 

                        } 

                        start1 = false; start2 = false; start3 = false; 

                        counter = 0; countSIC = 0;rowNum = new ArrayList<String>(); inspecTmpVal = ""; 

                        id  = false; inspection = false; age = false;sex = false;degree = false;nature = 

false;occupation = false;construction = false; 

                        accNum = "";inspecVal = ""; degVal = ""; natureVal = ""; ocpVal = ""; causeVal = ""; 

fatCauseVal = ""; titleVal = ""; eventDateVal = ""; endUseVal = ""; projTypeVal = ""; 

                    } 

                } 

            } 

            System.out.println("DONE!"); 

            System.out.println(currUrl); 

        } 

        pw.close(); 

        for(String sss: List1) 

            System.out.println(sss); 

        System.out.println("----------------------------------------------------------------"); 

        for(String sss: List2) 

            System.out.println(sss); 

        System.out.println(numOrId + "    " + numid + " ;    " + numOff + ";" +  test2 + ";" + test3 + ";" + 

test4); 

        PrintWriter pw2 = new PrintWriter(new FileWriter("output_unique"+fileNumber+".txt")); 

        Set<String> uniqueNatures = new HashSet<String>(natrueList); 

        System.out.println("Unique nature count: " + uniqueNatures.size()); 

        pw2.println("Unique nature count: " + uniqueNatures.size()); 

        pw2.flush(); 

        for(String s: uniqueNatures){ 

            pw2.println(s); 
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            pw2.flush(); 

        } 

        Set<String> uniqueCauses = new HashSet<String>(causeList); 

        System.out.println("Unique Cause count: " + uniqueCauses.size()); 

        

pw2.println("**************************************************************************

************************"); 

        pw2.flush(); 

        pw2.println("Unique Cause count: " + uniqueCauses.size()); 

        pw2.flush(); 

        for(String s: uniqueCauses){ 

            pw2.println(s); 

            pw2.flush(); 

        } 

        //Set<String> uniqueFatCas = new HashSet<String>(fatCauseList); 

        pw2.close(); 

        pw2 = new PrintWriter(new FileWriter("output_FatCause_unique"+fileNumber+".txt")); 

        System.out.println("Unique Fatality Cause count: " + uniqueFatCauses.size()); 

//        

pw2.println("**************************************************************************

************************"); 

//        pw2.flush(); 

//        pw2.println("Unique Fatality Cause count: " + uniqueFatCauses.size()); 

//        pw2.flush(); 

        Set<String> keyset = uniqueFatCauses.keySet(); 

        for(String s:keyset){ 

            pw2.println(s + "; " + uniqueFatCauses.get(s)); 

            pw2.flush(); 

        } 

        pw2.close(); 

        pw2 = new PrintWriter(new FileWriter("output_FatCause_Degree_unique"+fileNumber+".txt")); 
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        pw2.println("FatCause; Non Hospitalized injury; Hospitalized injury; Fatality; Not specified"); 

        for(String s:allFatCauses){ 

            if(fatDeg1.get(s) ==  null) 

                fatDeg1.put(s, 0); 

            if(fatDeg2.get(s) ==  null) 

                fatDeg2.put(s, 0); 

            if(fatDeg3.get(s) ==  null) 

                fatDeg3.put(s, 0); 

            if(fatDeg4.get(s) ==  null) 

                fatDeg4.put(s, 0); 

            String s2 = s; 

            if(s.equals("")) 

                s2 = "Not Sepcified"; 

            pw2.println(s2 + "; " + fatDeg1.get(s) + "; " + fatDeg2.get(s) + "; " + fatDeg3.get(s) + "; " + 

fatDeg4.get(s)); 

            pw2.flush(); 

        } 

        pw2.close(); 

        System.out.println(numOrId); 

        System.out.println(numid); 

    } 

}  
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Appendix E: Cluster analysis of risks 
For SIC1731: 
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For SIC1711 
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Appendix F: Recruitment communication 
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Appendix G: Recruitment email 
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Appendix H: Survey sample 
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Appendix I: Safety knowledge questions 
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Appendix J1: Comparing the perception of different Age groups 

within each of personal sub-factors, risk scenarios, hazard 
identification score, and safety knowledge test using Kruskal 

Wallis Test. 
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Appendix J2: Comparing the perception of groups having 

different length of service within each of personal sub-factors, 
risk scenarios, hazard identification score, and safety 

knowledge test using Kruskal Wallis Test 
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Appendix J3: Comparing the perception of different Education 

groups within each of personal sub-factors, risk scenarios, 
hazard identification score, and safety knowledge test using 

Kruskal Wallis Test 
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Appendix J4: Comparing the perception of groups with different 

Job Level within each of personal sub-factors, risk scenarios, 
hazard identification score, and safety knowledge test using 

Kruskal Wallis Test 
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Appendix J5: Comparing the perception of Gender groups 

within each of personal sub-factors, risk scenarios, hazard 
identification score, and safety knowledge test using Kruskal 

Wallis Test 
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Appendix J6: Comparing the perception of different Experience 

groups within each of personal sub-factors, risk scenarios, 
hazard identification score, and safety knowledge test using 

Kruskal Wallis Test 
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Appendix J7: Comparing the perception of marital groups 

within each of personal sub-factors, risk scenarios, hazard 
identification score, and safety knowledge test using Kruskal 

Wallis Test 
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Appendix J8: Comparing the perception of workers having or 

not having dependents within each of personal sub-factors, risk 
scenarios, hazard identification score, and safety knowledge 

test using Kruskal Wallis Test 
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Appendix J9: Comparing the perception of workers with 
different job numbers within each of personal sub-factors, risk 

scenarios, hazard identification score, and safety knowledge 
test using Kruskal Wallis Test 
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Appendix J10: Comparing the perception of Job Security groups 

within each of personal sub-factors, risk scenarios, hazard 
identification score, and safety knowledge test using Kruskal 

Wallis Test 
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Appendix J11: Comparing the perception of Local-Traveler 

groups within each of personal sub-factors, risk scenarios, 
hazard identification score, and safety knowledge test using 

Kruskal Wallis Test 
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Appendix J12: Comparing the perception of Union Status 

groups within each of personal sub-factors, risk scenarios, 
hazard identification score, and safety knowledge test using 

Kruskal Wallis Test 
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Appendix J13: Comparing expert panel and field employees in 

terms of risk units for different mechanical and electrical 
trades, using Mann Whitney Test 
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Appendix J14: Comparing the perception of groups oserving or 

not observing injuries within each of personal sub-factors, risk 
scenarios, hazard identification score, and safety knowledge 

test using Kruskal Wallis Test 
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