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Abstract 
Organizations use different standardized management systems to run their operations. Management System Standards 
(MSS), such as Occupational Health and Safety Management Systems (OHSMS), allow organizations to optimize their 
operation. In order to avoid duplicities, share commonly needed resources, and achieve their strategic goals, companies 
tend to implement Integrated Management Systems (IMS). Development and implementation of such an IMS have their 
own challenges and benefits. This study aims to compare three different models to develop and implement IMS by 
using benchmarking methods. The study is conducted in three steps. First, three holistic IMS models (i.e., ISO 45001, 
ILO-OSH-2001, and OSHA Recommended Practices) are identified from publications during the past 10 years. Next, 
three commonly used safety and health standards are identified and analyzed to develop benchmarking criteria. 
Finally, the three identified IMS are benchmarked. The findings show that each IMS model has its own advantages and 
shortcomings. The major differences may be due to the way each model is developed. Overall, there are gaps between 
the models’ concepts and elements and how they are implemented. By understanding the characteristics of each IMS 
model, management can custom design their own IMS models by modifying the existing IMS models to better fit their 
organization.

KEY WORDS: Management Systems Standards, Integrated Management System, benchmarking, occupational safety and health

1. Introduction
There are different aspects of management that make a company function in a sustainable manner in terms of 
profitability and finances, quality of products or services, safety and health of employees, etc. Every activity that is 
performed in a company can be grouped into one of the following two operations: main operation(s) and supporting 
operation(s). The main operation(s) is a set of activities essential for the company to successfully achieve its objectives and 
complete its mission. The supporting operation(s) are sets of activities that are necessary to make the main operation(s) 
efficient (Fig. 1). For example, the main operation(s) can be manufacturing a particular good or providing services to 
potential customers, and supporting operation(s) can be purchasing, accounting, quality control, inventory control, 
customer services, payroll, and safety and health systems, to name a few.
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Any company, regardless of size and type of product/service, needs to establish specific strategies, procedures, 
documentation, etc., to align its primary and supporting operations with the company’s objective and mission. Research 
has shown that such organized efforts can be standardized according to specific models developed by experts to 
help organizations improve performance and create an organizational culture that engages everyone in a continuous 
improvement cycle of planning, self-assessment, and correction (Dominques et al., 2016a, Hardjono et al., 1996). 
Management System Standards (MSS) are the models developed by prominent organizations in standardization, such as 
International Organization for Standardization (ISO), American National Standard Institute (ANSI), and British Standards 
(BSI), among others. Some are industry-specific, while others are generic, and their models can apply to any organization 
(Boiral and Heras-Saizarbitoria, 2015). A management system can be defined as the way by which an organization 
manages the interrelated parts of its business to achieve its objectives (ISO, n.d.).

It is possible that a company uses more than one MSS to conduct its business. It is management’s responsibility to 
coordinate all the activities performed simultaneously through each MSS since there are overlaps among them. In other 
words, there are activities that are required by more than one MSS, or there are resources needed by multiple MSS at 
the same time. This is when management should try to integrate all MSS that have been developed and implemented 
independently into one overall and comprehensive system, optimizing its operations and using its resources more 
effectively. There is no universally accepted definition for Integrated Management System (IMS). The commonly used 
definitions are, “A single integrated system used by an organization to manage the totality of its processes, in order to 
meet the organization’s objectives and equitably satisfy the stakeholders,” (CQI-IMSIG, n.d.) or “An integrated management 
system (IMS) is a management system which combines all components of a business into one coherent system so as to 
enable the achievement of its purpose and mission,” (Olaru et al., 2014).

Since there is no international standard for IMS, companies must decide how to design and implement an IMS that fits 
their needs (Bernardo et al., 2009). Despite existing studies, there is no blueprint for developing a factual IMS in a step-
by-step manner (Muthusamy et al., 2015). A factual IMS consists of essential MSS, which can be found or used in any 
industry and environment and provides for the adoption of future MSS and obligatory compliances. It is an IMS that allows 
organizations to smoothly integrate all MSS that are applicable to the business function, maximize the strengths of these 
MSS, and be able to update the IMS as new applicable standards evolve. The lack of institutionalization and standardization 
of IMS has resulted in varied outcomes when IMS is implemented (Domingues et al., 2016). Recently, there has been 
research to develop holistic IMS models to achieve an ideal and tailored IMS suitable for any organization’s business goals.

Among all the different management systems, this study is focused on Occupational Health and Safety Management 
Systems (OHSMS), whose purpose is to enable companies to keep employees safe, sustain or even improve the health of 
the environment, comply with regulations and standards, fulfill companies’ social responsibilities, uphold stakeholders’ 
confidence, allow profitability, etc. It is evident that some of these areas overlap with other aspects of management, 
and an IMS can be a helpful approach to successfully implement OHSMS. Depending on which IMS model is used, the 
effectiveness of OHSMS can vary. The objective of this study is to determine the strengths and weaknesses of selected IMS 
models in effective implementation of OHSMS by using the benchmarking method with minor modifications. This allows 
the researchers to make comparisons across IMS instead of companies/organizations.

Benchmarking is an ongoing activity of comparing one’s own processes, production, or service (such as occupational 
health and safety programs) against the best know similar activities. This allows organizations to take a realistic course 
of action to become and remain the best organization with best practices in a reasonable time. Through this process, 
companies can discover new ideas for methods and processes and even adopt good features of similar programs in their 
own organization (Balm, 1992). There are different types of benchmarking. Functional benchmarking is the one that fits 
this study, and it focuses on a single function or operation for improvement. This is suitable for complex operations such 
as occupational health and safety, human resources, finance, and accounting, which are difficult to be compared directly 
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in terms of cost and efficiency (Karlöf & Östblom, 1993; Balm, 1992). Instead of making comparisons across companies, it 
is done across three selected IMS models. Determining the advantages and disadvantages of selected IMS models in regard 
to OHSMS implementation can help companies select the right model to maximize their productivity and performance.

2. Methodology
Figure 2 represents the overall approach used for this study, which marks the three steps described in the methodology 
section. In order to do functional benchmarking across IMS models in regards to OHSMS, a 3-step approach is utilized. 
First, it is necessary to identify the IMS models recommended and used during the past 10 years. It is essential to select 
IMS models that are holistic (generic) and have been used by or recommended for various industries and avoid industry-
specific models. As explained in more detail in the Results section, the three models selected in this study are the ones 
published by Nunhes et al. (2019), Muthusamy et al. (2017), and Robelo et al. (2014).

Second, the most commonly used OHSMS across industries are identified. This step is a prerequisite for the next step. 
The selected OHSMS should be the type of management systems widely accepted by experts, developed by credible 
organizations, and commonly used in industry; they should not be industry-specific systems.

Third, it is essential to develop benchmarking criteria by which the selected IMS models are assessed. To complete this 
step, the authors studied the OHSMS selected in step two and identified major elements of each system, and categorized 
them in different criteria.

All three steps rely heavily on a literature review of published peer-reviewed journal articles, conference proceedings, 
and books written during the past 10 years. A scoring scheme is developed based on how each IMS model addresses each 
element of benchmarking criteria. If the IMS fully addresses the element, a score of 2 is assigned; if it is not addressed, a 
score of 0 is assigned. In case the element is partially addressed by the IMS model, a score of 1 is assigned. In the end, the 
overall scores for all criteria of all IMS models are compared to identify the strengths and weaknesses of each model.

3. Results
As is mentioned in the Methodology section, for step 1, the IMS models that are selected in this study are the ones 
recommended by Nunhes et al. (2019), Muthusamy et al. (2017), and Robelo et al. (2014). Each of these three models 
intended to create synergy across various MSS by integrating them, while each used a different approach. Nunhes et al. 
(2019) created guiding principles for IMS through a systematic content analysis of the 30 most cited articles between 2006 
and 2016. They identified essential elements for its development and maintenance in order to move towards unifying a 
starting point in the literature. Muthusamy et al. (2017) developed a comprehensive IMS model for the holistic integration 
of MSS, which called for a Factual IMS model. Rebelo et al. (2014) developed a flexible, integrator, and lean model for the 
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integration of MSS that can be adapted and progressively assimilated by other management systems, such as SA 8000/
ISO 26000, ISO 31000, and ISO/IEC 27001.

The OHSMS that are identified and included in this study (step 2) are ISO 45001 Occupational Health and Safety 
Management Systems (Dentch, 2018), ILO-OSH 2001- International Labour Organization Guidelines on Occupational 
Safety and Health Systems (ILO, 2009), and OSHA Recommended Practices for Safety and Health Programs (OSHA, 
2016). The ISO and ILO are internationally recognized agencies whose recommendations and guidelines are widely used 
in management and labor practices. OSHA is another agency that is the official agency in the U.S. to establish safety and 
health standards for industries. Even though OSHA is a national agency, its standards, guidelines, and recommendations 
have been adopted by companies in other countries for many years.

The three selected OHSMS are studied carefully by the authors, and major elements of each system are identified, are 
categorized in eight criteria (step 3). Table 1 provides a list of all the criteria and the elements that are used as rubrics 
for evaluation and benchmarking of the selected IMS models. As described in the methodology, if an IMS model fully or 
partially addresses any of the elements in each criterion, a score of 2 or 1 is assigned respectably, and if it is not addressed, 
a score of 0 is assigned. One of the authors (A.Y.) used the information provided by the published literature to decide if 
each element under every criterion was fully addressed before assigning a score to them. The number of elements in each 
criterion is different from one another, and that means the overall scores for each criterion can be different. For example, 
the highest score for Leadership criterion with 4 elements can be 8, and for Regulation and Compliance criterion with only 
2 elements can be 4. Therefore, it is better to normalize the scores by calculating a simple average for each criterion to 
make the comparison meaningful.

Model 1 (Nunhes et al., 2019) provides 6 systemized principles for implementing IMS, and these principles are based on 
and made up of 28 elements for the development and implementation of IMS. The elements are cross-referenced with 
published articles (2006-2016) to determine their frequency of citation, which is used to prioritize the elements. The 
elements are grouped into principles based on their functionality.
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Model 2 (Muthusamy et al., 2017) presents an 8-stage holistic approach for IMS implementation, which is to serve 
as a process-based strategy for IMS design, implementation, and institutionalization by considering its micro-level 
perspectives. Also, a comprehensive model of IMS is presented by the authors, which shows how the elements of 
existing and proposed management systems can be integrated at different levels based on the 4 principal elements 
of process change put forth by Hardjono et al. (1996).

Model 3 (Robelo et al., 2014) develops a flexible, integrator, and lean model for IMS based on ISO 9001, ISO 14001, 
and OHSAS 18001. The model is designed such that it can be adapted and progressively assimilate other MSS. It 
was developed based on a preliminary investigation conducted through a questionnaire. This model consists of 7 
fundamental components and provides guiding principles and actions for implementation.

Each of these 3 models has unique characteristics, and depending on which is selected and implemented by any 
organization, the outcomes of their OHSMS can be different. In order to identify each model’s strengths and 
weaknesses, the rubric scale, which was developed by the authors (Table 1), is used to benchmark the 3 models 
described above. Table 2 demonstrates the scores each model receives for each element. Figure 3 demonstrates 
how each model is scored for each criterion by using the average scores. It seems that the “Worker Participation, 
Regulation and Compliance, Operational Management, and Hazard and Risk Management” criteria are the four areas 
where the greatest differences exist.
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By counting the number of elements that are entirely, partially, or never addressed by each model, it appears that 
Model 2 covers more items than the other two (Table 3).

4. Discussion
As discussed earlier, companies are implementing different management systems standardized for specific operations, 
either main or supporting, to help management and companies achieve their strategic goals. Independent implementation 
of multiple management system standards (MSS) can lead to a duplication of procedures, primarily with respect to 
training, audits, and inspections. It can also affect management and operational efficiency by causing complexity and 
extra cost to the organization (Holdsworth, 2003; Zeng et al., 2007).

With increases in implementing such MSS in a company, the need for integrating such systems increases too. It is very 
likely that some companies or organizations have already implemented some kind of integrated management system 
(IMS), or they need to start implementing an IMS for the first time to include occupational safety and health management 
systems (OHSMS). This process has its own benefits and challenges.

A true IMS should incorporate an essential MSS, along with a sector-specific management system. So far, current 
integration strategies are unable to adequately provide a complete roadmap for implementation processes of IMS. 
The lack of clarity and complexity in the integration process puts more emphasis on research to develop better IMS 
models for companies (Muthusamy et al., 2015). If IMS models allow effective implementation of multiple MSS, it can help 
organizations cut down on repetition of processes and maximize utilization of resources. A good IMS model should allow 
companies to tailor the integration process to fit their organizational needs (Bernardo et al., 2009; Lopez-Fresno, 2010).

In this research, the authors use the benchmarking method to assess three different holistic IMS models recommended by 
others in order to identify their strengths and weaknesses with respect to implementation of OHSMS. The results of this 
study show that when OHSMS and other MSS are already in place in an organization, management can identify the best 
IMS model that can optimize the outcomes of the integration process.

The benchmarking criteria are developed based on three commonly used OHSMS, which are accepted by experts in this 
field (i.e., ISO 45001, ILO-OSH-2001, and OSHA Recommendations). Three IMS models are selected (Nunhes et al., 2019; 
Rebelo et al., 2014; Muthusamy et al., 2017) and compared against 28 important elements required for an OHSMS to see 
which one addresses them better.

According to the results of this study, all three models included in benchmarking have certain deficiencies in Worker 
Participation, Regulation and Compliance, Operational Control, and Hazard & Risk Management areas. In order to explain 
the differences and deficiencies, it is better to look at each model separately. Nunhes et al. (2019) studied previously 
published articles about IMS development and implementation and identified major elements cited more frequently. They 
developed their own guiding principles for implementing an IMS. This model (Model 1) is not concerned about OHSMS 
or any specific MSS; instead, it tries to address major challenges in the implementation of IMS (i.e., i. lack of resources, ii. 
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dissimilarities among MSS, iii. cultural differences among work groups, and iv. lack of motivation and resistance to change 
by employees). These could be the reason Model 1 did not score high in Regulation and Compliance, Operational Control, 
and Hazard/Risk Management criteria in the benchmarking process.

Muthusamy et al. (2018) tried to provide a comprehensive model and holistic approach to allow smooth and efficient 
integration of different elements of MSS. The researchers developed their model (Model 2) mostly based on the 
requirements of ISO Standards (i.e., ISO 9000, ISO 14000, ISO 18000, and ISO 26000). Throughout their approach, the 
authors followed the continuous improvement mentality, and they were focused on the PDCA (Plan-Do-Check-Act) 
approach. Their holistic approach to the integration process helped their model cover more elements and score higher in 
the areas in which the first model did not score well. The process used in Model 2 is mostly a top-down process by which 
the management initiates the integration and manages the process. This could be the reason that this model scored lower 
in the Worker Participation area in the benchmarking process.

A major difference between Model 3 and the previous two models is that the Robelo et al. (2014) study is empirical. By 
conducting a survey, they tried to answer four major questions (i.e., i. importance of factors identified as motivators for the 
implementation of the IMS model, ii. influence of stakeholders on the performance and evaluation of IMS, iii. main internal 
difficulties in the development of the IMS model and its implementation, iv. potential benefits of implementation of the IMS 
model). Similar to Model 2, they were strictly focused on ISO standards (ISO 9001, ISO 14001, and ISO 18001), and their goal 
was to conceive a model which is lean, flexible, and integrator and can be adapted and progressively assimilate other ISO 
standards such as ISO 26000 (Social Accountability), ISO 31000 (Risk Management), and ISO 27001 (Information Security 
Management). This model scored low in Worker Participation, Regulation and Compliance, and Operational Control areas 
in the benchmarking process. The reason for such low scores could be that Robelo et al. (2014) were primarily focused on 
the practical aspect of the IMS development and implementation instead of the conceptual aspect of it.

5. Conclusion
The three models discussed in this article scored equally or close to one another in other areas (Leadership, Performance 
Measurement, Continuous Improvement, and IMS Model Characteristics) in the benchmarking process. The major 
differences remain in the areas which are crucial in the implementation of the IMS model. Considering that Model 3, 
developed by Robelo et al. (2014), is empirical and data-driven, while the other two models are mostly conceptual and 
based on literature review. This highlights that there are still gaps between what a comprehensive IMS model should look 
like and what experts and employees experience when they try to practice their knowledge and implement such models. 
Knowing the strengths and weaknesses of each IMS model and being aware of the challenges during implementation can 
help organizations prepare themselves in order to increase the likelihood of success when choosing and implementing an 
integrated management system. Obviously, there is still room for improvement, and more empirical studies are needed to 
close the gap between developing IMS models and their implementation.
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Analyses of Postures and Musculoskeletal 
Disorders of Emergency Medical Technicians 
in the United States

Abstract
The job of emergency medical technicians (EMTs) involves manually handling patients. The force required to safely lift 
or lower a patient during an emergency response depends on the weight of the patient. These tasks elevate the risk of 
musculoskeletal disorder (MSD). The objective of this study is to assess the level of MSD risk associated with the most 
frequently performed tasks of EMTs during emergency response and measure their level of MSD prevalence using a 
recorded simulation of five frequently performed tasks: (1) stretcher removal, (2) stretcher return with the patient, (3) 
patient lift: ground to a stretcher, (4) two-person stretcher removal with a patient, and (5) moving a patient down the 
stairs. Biomechanical and postural assessments are performed using rapid upper limb assessment (RULA) and rapid 
entire body assessment (REBA). The Nordic Musculoskeletal Questionnaire (NMQ) is used to measure MSD occurrence. 
Also, a fishbone diagram is developed to determine hidden causes of MSD. Both RULA and REBA scores indicate that Task 
3 has the highest MSD risk. The MSD frequency is high in the back (43%) and one or both ankles or feet (21%). Posture, load, 
and force are three risk factors related to the tasks. Overall, the assessments agree that the most risk is on the lower back. 
This indicates where ergonomic intervention is needed to reduce the risk of musculoskeletal injury.

KEY WORDS: Biomechanics, EMT, ergonomics, musculoskeletal disorders (MSD), safety

1. Introduction
There are approximately 1,030,760 licensed emergency medical services professionals in the United States, including 
emergency medical responders and paramedics (National EMS Assessment, 2020). Emergency medical technicians 
(EMTs) are exposed to various physical and mental risk factors unique to their profession (Rahimi et al., 2015; Jones & 
Lee, 2005; Lavender et al., 2000). They are exposed to tragic and gruesome events while working in highly-charged 
emergencies—facing hazards such as assault, violence, and transportation accidents, potentially leading to fatal injuries 
(Maguire and Smith, 2013; Broniecki et al., 2010; Reichard and Jackson, 2009). Perhaps the most common physical hazards 
EMTs are exposed to are biomechanical and postural. Working as a first emergency responder has high demands on 
the musculoskeletal system requiring repetitive motions such as lifting, bending, and twisting (Hong et al., 2010; Aasa 
et al., 2005; Broniecki et al., 2010; Weaver et al., 2015). Tasks such as moving and transporting patients and performing 
cardiopulmonary resuscitation (CPR) are some physical stressors to EMTs’ musculoskeletal systems (Studnek and 
Crawford, 2007).

According to a recent and comprehensive review of work-related MSDs and injuries among EMTs and paramedics (EMTs-
Ps), back pain is the most common complaint (Friendenberg et al., 2020). That report found that the annual prevalence of 
back pain among EMTs-Ps ranges from 30% to 88%. In a study among 180 nurses working as EMTs, about two-thirds had 
at least one type of back pain (Rahimi et al., 2014). This finding was in congruence with those of the ambulance officers 
in Hong Kong who reported back discomfort (60%) during CPR (Jones and Lee, 2005). In the United States, data from the 
Department of Labor’s Bureau of Labor Statistics reported 21,690 cases of non-fatal injuries or illnesses that resulted in 
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Sciences

Calvin S. Hunter, SOHAS
Keene State College, Department of Safety and 
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lost workdays among EMTs-Ps from 2003 through 2007, and of those, 9,290 (43%) were back injuries (Maguire, 2013). 
This means that EMTs-Ps have a rate of injury about 3 times the national average for all occupations.

A good number of studies have been conducted to document the prevalence and risk factors of MSDs in EMTs-Ps (Aasa 
et al., 2005; Jones and Lee, 2005; Lavender et al., 2000; Maguire, 2013; Studnek and Crawford, 2007; Lavander et al., 
2007). However, the analyses of biomechanical and postural risk factors that are inherent to this profession have been 
minimal. To continuously improve the performance and design of ergonomic equipment and processes involved in patient 
handling during emergency response, there is a need for continuous investigation to understand the tasks performed, 
including the degree to which these tasks stress the workers and their frequency of performance (Lavender et al., 2000). 
Also, there must be an analysis of work that describes the postures assumed and the forces applied when EMTs-Ps 
perform emergency rescue tasks. In ergonomics, task analysis is a common practice used to identify which specific task 
components expose a worker to ergonomic risk factors and the magnitude of those exposures. In most cases, postural and 
biomechanical analyses are conducted with the use of a 2D or 3D motion capture system (Schurr et al., 2107).

In this study, the researchers test the effectiveness of typical postural and biomechanical assessment tools that generate 
levels of MSD risk to provide data that would be used to determine what task component needs the most ergonomic 
intervention. The researchers hypothesize that the availability of equipment and technology (or the lack thereof) 
is insufficient to minimize the risk of MSDs and that there are still task components and micro-tasks that may pose 
cumulative pain and discomfort to the musculoskeletal system of EMTs-Ps. These task components may cause cumulative 
trauma or acute injuries if not examined thoroughly. The objective of this study is to assess the level of MSD risk associated 
with frequently-performed work tasks of EMTs during emergency response and measure the level and prevalence of 
their MSDs.

2. Materials and Methods
2.1 Study Design and Sample

This cross-sectional study is conducted to measure the level of MSD risk faced by emergency medical technicians (EMTs) 
when performing their tasks during an emergency response. Convenient sampling is used to determine the number of 
participants with the use of inclusion criteria that includes at least one year of work experience as an EMT at a minimum 
of  18 years of age. Before data collection and task observation, we excluded those who had previous MSD injuries; we 
also excluded those who were currently pregnant from the survey. A total of 14 EMTs answered the survey. Three EMTs 
performed the simulation of patient transfer tasks, and one played the patient. Our research is approved by Keene State 
College’s Institutional Review Board (IRB) with an assigned protocol number #472.

2.2 Data Gathering Tools

This study uses rapid upper limb assessment (RULA) (McAtamney and Corlett, 1993) and rapid entire body assessment 
(REBA) (Hignett and McAtamney, 2000) to measure the level of MSD risk associated with each of the frequently 
performed tasks. RULA evaluates the exposure of individual workers to ergonomic risk factors associated with upper 
extremity MSD. It considers biomechanical and postural load requirements of job demands on the neck, trunk, and 
upper extremities. The worksheet generates a single score that represents the level of MSD risk per task and per worker 
(McAtamney and Corlett, 1993). The score ranges from 1 to 6+, the former having negligible risk and the task requiring no 
action, the latter having a very high risk with a necessity to implement abrupt change on the task. Also, REBA measures 
the probability of developing pain or discomfort with the addition of the lower parts of the musculoskeletal system. 
It accounts for body posture, forceful exertions, type of movement, repetition, and coupling. In the last portion of the 
evaluation, a score between 1 and 11+ is generated, with 1 having negligible risk and 11+ having very high risk with a need to 
implement change (Hignett and McAtamney, 2000). Using both MSD assessment tools provides a robust result because it 
allows cross-validation of findings.
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The pain or discomfort of each body region was surveyed through the use of the Nordic Musculoskeletal Questionnaire 
(NMQ) (Kourinka et al., 1987). The first part of the questionnaire asks for the participant’s job, gender, age, height, weight, 
length of employment (doing the same job), and hours worked each week. The second section contains a diagram 
showing the different body regions on a back view, which is used to guide survey participants in answering the NMQ. 
The questionnaire itself is divided into two columns. Answerable by a “yes” or “no,” Column 1 asks, “Have you at any time 
during the last 12 months had trouble (ache, pain, discomfort, numbness) in the neck, shoulders (left, right, both), elbows 
(left, right, both), wrists/hands (left, right, both), upper back, lower back, one or both hips/thighs, one or both knees, and 
one or both ankles or feet?” Those who answered “yes” in this column have to respond to two more questions, “Have you at 
any time during the last 12 months been prevented from doing your normal work (at home or away from home) because 
of the trouble?” and “Have you had trouble at any time during the last 7 days?” An important element of the NMQ is the 
information regarding how much influence the pain or discomfort had on the worker’s daily routine. The data used in this 
study is the prevalence in the last seven days.

A root-cause analysis (RCA) is a fundamental, underlying, system-related reason why an incident occurred that identifies 
one or more correctable system failures (Department of Energy, 1992). It analyzes underlying factors in any given adverse 
reaction to identify a problem’s source and take corrective measures to fix it. This process is unique as it delves deeper 
to find answers based on hidden causes and their effects rather than merely looking at the most apparent. Typically, 
it is considered a reactive process, but when applied thoroughly, it can take the shape of a highly valuable source by 
becoming a proactive mechanism as it predicts problems before they occur (White, 2022; Bright Hub PM, 2011). In the 
field of occupational and environmental safety, the Occupational Safety and Health Administration (OSHA) and the 
Environmental Protection Agency (EPA) urge employers (owners and operators) to conduct an RCA following an incident 
or near miss at a facility (Department of Energy, 1992).

To narrow the cause of hazards for the task that generates the highest RULA and REBA scores, an RCA using a fishbone 
diagram is performed (Fig. 3). The fishbone diagram is the preferred RCA technique because of its content and visual 
clarity. It specifies multiple components that have the potential to influence outcomes, which helps prioritize relevant 
causes. The researchers used the simulated tasks to conduct an RCA. To link the level of MSD risk with RCA,  REBA is used 
because RCA works better with whole-body assessments. The diagram is focused on the body part that has the highest 
score (trunk). Then, three important factors that influenced the scores are examined: posture, load, and force. For posture, 
the angle of the upper body while performing the task is assessed. The load is the average body weight in the U.S. based on 
the findings of Fryar et al. (2018). It is divided between the average weight of men (197.9 lbs.) and women (170.6 lbs.). The 
force requirement is computed based on a previously described formula for rotational force or moment: M=Weight (W) 
x Distance (D) (Stack et al., 2016). A moment is defined as the product of the applied force and the perpendicular distance 
through which the force is applied. The national average of weights and a distance of 10 in, which is the most conservative 
distance of the load from the lumbosacral joint of the spine during a lifting task, are used in the computations.

2.3 Data Collection Procedures

Following IRB approval, the researchers visited a local EMT company to ask permission to conduct the study. After 
speaking to the owner and supervisor and receiving approval to survey their workers, the objective of the research, 
the role of their employees in the study, and the amount of time expected for participation were explained. To protect 
the privacy of both the company and the employees, the researchers avoided asking for or recording any identifying 
information. During the first visit to the worksite, the EMTs were gathered to explain the content of the consent form. In 
considerable detail, they were informed about the purpose of the study, the expectations, potential benefits and incentives, 
conflicts of interest, confidentiality, their rights as study participants, and their freedom not to participate. The NMQ was 
handed to those who expressed willingness to support the research and collected the questionnaires within the following 
week.
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In the final visit, the simulation of tasks by three EMTs using a video camera was recorded. One worker acted as a patient, 
while the other two acted as emergency responders. The tasks were: (1) stretcher removal, (2) stretcher return with 
patient, (3) patient lift from the ground to the stretcher, (4) two-person stretcher removal with a patient, and (5) moving 
a patient down the stairs. Figure 1 shows a sample of the five tasks in side and back views. In the first task observed, the 
workers simulated the removal of a stretcher from the ambulance without a patient on it. This is what they do when they 
arrive at a scene to recover a patient. For the second task, the first responders showed how they put the stretcher back 
into the ambulance once the patient is on it. Next, they lifted them from the ground up onto the stretcher (task 3). This 
represents a situation where the responders show up at the scene with an ambulance that lacks the lifting equipment 
required for this maneuver. A “two-person stretcher removal with a patient” describes when the EMTs arrive at the 
hospital with the patient and must remove them from the ambulance (task 4). If the patient is upstairs and the EMTs 
are incapable of traversing them, they will need to use a piece of equipment (e.g., backboard, stretcher, stairchair, etc.) 
to transport a patient down the stairs (task 5). These five tasks are a few of the most common work tasks that first 
responders do when responding to an emergency medical situation (Conrad et al., n.d.). The individual task lasts for 3 
to 5 minutes. As it was a simulation, the EMTs explained that the length of time required might vary depending on the 
anthropometric characteristics, illness, cause of injury of the patient, and sometimes weather conditions. The video clips 
are used to evaluate the MSD risk using RULA and REBA.

2.4 Data Analyses

The socio-demographic characteristics of the study participants are expressed, in percentage, in terms of sex (male and 
female). Age, height, weight, body mass index (BMI), year, industry, and hours worked per week are presented in mean 
and standard deviation. The levels of MSD risk are shown as the original numerical value generated by RULA (1 to 6+) and 
REBA (1 to 11+). The prevalence of MSD is expressed in percentages. All analyses are performed using Microsoft Excel 
version 16.59.

3. Results
The personal and occupational profiles of the study participants are summarized in Table 1. Among them, 64% are female, 
and 36% are male. The average age of the EMTs is 40 years, 1.7 m in height, and 219.8 lbs. in weight. The participants’ 
average BMI is 32.8 kg/m2. In terms of work history, the EMTs work for an average of 9 years with a standard deviation 
(SD) of 12 years and 48 hours per week with an SD of 20 hours. Table 2 presents the RULA scores of the study participants. 
It shows that the task with the highest score of 7 is task 3 (patient lift: ground to the stretcher), followed by task 1 (stretcher 
removal) with a score of 5, and task 4 (two-person stretcher removal) with a score of 4. Task 5 (moving patient down the 
stairs) has the lowest RULA score of 2. It can be gleaned from Table 3 that the highest REBA score is 8 for task 3 (patient 
lift: ground to the stretcher), followed by task 4 (two-person stretcher removal with a patient) with a score of 6. The task 
with the lowest score of 2 was task 5 (moving the patient down the stairs).

In terms of the prevalence of MSD, Fig. 2 shows that pain in the lower back is the most common (43%). Also, the EMTs 
reported discomfort in one or both feet (21%), one or both knees (14%), one or both hips (14%), and the wrists (14%). The 
participants reported no pain in the elbows. The fishbone in Fig. 3 shows the scores received by each body region and 
the risk factors that influenced them. The risk factors include posture, load, and force requirements that influenced the 
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scores. Among the six body parts (e.g., neck, trunk, leg, upper arm, lower arm, and wrist) evaluated by REBA, the trunk 
has the highest score of 4, followed by the leg with a score of 3. The neck, upper arm, and wrist have the lowest scores of 
1. With posture, the upper body of the EMT is flexed forward to more than 90° while lifting from the ground. The average 
weight for men in the US is 198 lbs. and 171 lbs. for women. After applying the biomechanical formula (Stack et al., 2016), 
we found that the muscles generate 2699 lbs. of force for men and 2426 lbs. for women to statically hold patients with the 
average weights mentioned above.

4. Discussion
This study assesses the postural and biomechanical risks associated with frequently performed tasks of EMTs. It is shown 
that lifting the patient from the ground onto the stretcher (Fig. 1) results in a high MSD risk, as shown in the RULA and 
REBA scores (Tables 2 and 3). The result of the NMQ reveals that low back pain is the most common complaint of the study 
participants in the last 7 days (Fig. 2). This is confirmed by the highest score in the trunk region of the body in the REBA 
analysis, as shown in Fig. 3. Our findings show that posture, load, and force requirements have negative impacts on the 
different body regions, but more so on the lower back. This finding should be cause for concern given the relative weights 
of the patients during an actual response to an emergency and the frequency of exposure of EMTs.

In the present study, there is a 43% prevalence of low back pain among the participants. Low back disorder is the most 
common form of MSD among health professionals who respond to emergencies (Rahimi et al., 2015; Jones and Lee, 2005; 
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Aasa et al., 2005). Studies show that physical, socio-psychological, and individual risk factors influence this prevalence. 
Working in awkward postures, lifting a load that is hard to hold, lifting a heavy load (Hansen et al., 2012), CPR procedure, 
reaching for overhead equipment, and seated tasks that require horizontal bending and twisting (Jones and Lee, 2005) 
narrow passageways, stairs, and obstacles at the scene, and prolonged flexed and twisted postures (Prairie and Corbeil, 
2014) are some of the physical risk factors. Although most of these factors are not investigated in the present study, 
we believe they contribute to the occurrence of MSD symptoms in the study participants. Other established individual 
risk factors can include age, physical fitness, being overweight, and a history of back problems. In the present study, 
the average BMI of the EMTs is 32.8, which is in the obese category, and their average age is 40 years. This means that, 
on average, the surveyed participants are more likely to develop MSD symptoms. In a study among machine drivers, 
construction carpenters, and office workers between the ages of 40-45, an increased risk of low back pain (including all 
types) was found. The symptoms were associated with disc degeneration due to aging (Luoma et al., 2000). Also, prolonged 
exposure to the above-mentioned physical risk factors has a detrimental effect on the musculoskeletal system, which can 
be brought about by high call volume, especially when working in an urban setting and depending on the length of career. 
We found that the study participants worked for 48 hours a week on average. This means that they can be exposed to MSD 
hazards for at least 8 hours a day.

The RULA and REBA scores show that lifting a patient from the ground to a stretcher (task 3) has the highest MSD risk 
(Fig. 2). Further analysis reveals that the trunk has the highest score (Fig. 3) among all of the body parts evaluated. Lifting 
the patient from the ground to the stretcher requires force and proper body mechanics to avoid injuring the back. In the 
simulation of task 3, the EMT bent his back forward, flexing more than 90°. Apart from that, his source of force came from 
the back during the peak of the lifting task. The source of force required during lifting directly correlates with the posture 
followed by the EMT. For instance, if the patient is a 198 lb. man, which is the average weight of males in the US, the erector 
spinae muscle has to release 2699 lbs. of force to stabilize the lifting task when holding the patient 10 inches away from the 
trunk (Fig. 3). For patients with an average weight of 171 lbs., the force required to be generated is 2426 lbs. among female 
EMTs to stabilize the spine during the lifting task. Therefore, the force required is always higher than the weight of the load 
to stabilize movement during lifting and lowering tasks (Stack et al., 2016). With prolonged exposure, this can be a serious 
biomechanical risk in the lumbosacral (L5/S1) region of the spine. The farther the load from the lumbosacral region and 
the more forward flexed the back, the higher the risk of injury.

Removing the need to lift altogether during the patient transfer from the ground to a stretcher is the ideal solution. 
It’s been proven that transferring and transporting a patient from point A to B with the use of mechanical equipment 
minimizes the risk of musculoskeletal injuries. Lavender et al. (2007) proved that changing the backboard carrying task 
to a rolling and sliding task with a mechanical-aided decent control system reduced the demand on the erector spinae 
muscles, minimized muscle activity in the rectus abdominis, and decreased the rating of perceived exertion. However, 
ergonomically-designed equipment may not always be available for use and therefore requires EMTs to manually lift and 
lower patients, as in the case of the study participants in this study.

The findings in this study highlight the need for an ergonomic intervention. We found that knowledge of good body 
mechanics through ergonomic intervention is necessary to minimize the risk of injury. During manual lifting, awkward 
posture and overexertion must be avoided. But without proper ergonomic training, the workers may have to sort to what 
they perceive as normal techniques. Amit and Song (2021) found that significant improvement in workers’ posture can 
be observed when given ergonomic intervention. The intervention can include awareness of proper lifting techniques, 
modification of equipment used at work, a healthy lifestyle, and physical activities. The posture of the EMT, the weight of 
the patient, and the force required in lifting are three of the main factors that influence the REBA scores in the present 
study. Given that the trunk is exposed to improper posture and high biomechanical loading, it should not be surprising that 
the NMQ survey indicates the highest prevalence of MSD in the low back region. Given this knowledge, and in the absence 
of lifting equipment, the EMT should avoid bending forward when lifting. Squatting as a starting posture and maintaining 
a straight trunk must be observed to utilize the force generated by the legs. This way, lifting or lowering tasks become 
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safer because the capacity of the legs to release force is higher compared to that of the rectus abdominis and extensor 
muscles. Based on these findings, the need for an ergonomic intervention is warranted among EMTs. Personalizing the 
intervention by breaking them into specific tasks and movements and considering the personal profiles of the workers 
(e.g., age, BMI, etc.) can yield better results. The human body can sometimes take time to fully adjust to newly introduced 
movements. It must be noted, therefore, that getting accustomed to proper lifting techniques and other posture-related 
interventions must be closely investigated before full implementation.

4.1 Limitations of this Study

There are three major limitations to this study. First, the sample size of the respondents who answered the MSD 
prevalence survey is small and may not be representative of the emergency medical services profession in the United 
States. We believe, however, that our findings on MSD prevalence are consistent with those of previously published studies 
among EMTs and paramedics. To update the existing knowledge on MSDs, we recommend that a survey with a larger 
sample size be conducted. This can provide important insights into the condition, especially with the fact that most EMT 
companies are now using state-of-the-art technology and equipment.

The second limitation pertains to the quality of the simulation. Ideally, observations would be obtained from real 
emergencies. It is anticipated that this can’t be done without interfering with the quality of EMS service. Legal and ethical 
considerations were also important challenges. We conducted the simulations with the guidance of the EMS manager 
of the company. The combined expertise of the manager and the workers was used to ensure that the simulated tasks 
were as close as possible to the generic situations encountered by the personnel. We also anticipate that the improper 
postures shown by the EMTs may not be representative of the majority of personnel in the industry. The majority may 
be knowledgeable in proper lifting techniques and may have access to ergonomically-designed equipment. However, 
we argue that manual lifting can still exist during an emergency response, especially in the absence of such equipment. 
Therefore, shedding a light on the issue is necessary. Lastly, the design of the study being cross-sectional does not 
substantially support cause and effect. For future research, we suggest exploring other methodologies that establish a 
clinical association between the tasks and the condition.
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Abstract
Construction is among the most hazardous industries, with an annual fatality rate of over 1000 workers in the United 
States. Researchers and practitioners have proclaimed that implementing effective safety management plans can 
prevent most construction accidents. Safety personnel, who oversee the design, implementation, and enhancement of 
safety management plans, play an essential role in preventing accidents and enhancing construction safety. Despite their 
important role, there is little research, if any, to examine if the actual qualifications of construction safety personnel 
match recommended qualifications by safety associations and professional organizations. Moreover, the impact of the 
qualifications of safety personnel on achieved safety outcomes has not yet been thoroughly examined. The present 
study aims to (1) examine if the qualifications of construction safety personnel match recommended qualifications by 
safety associations and professional organizations, and (2) empirically analyze the impact of three key safety personnel 
qualifications, namely education, experience, and certifications, on overall construction site safety performance. Sixty-
five construction safety personnel participated in the study by responding to a questionnaire survey. Regression analysis 
between construction safety performance measured by the Total Recordable Incident Rate (TRIR) and three qualification 
criteria revealed that 1) higher levels of experience of safety personnel, as well as certificate programs, significantly 
contribute to lowering TRIR rates, and 2) the level of education of safety personnel is not statistically associated with 
lower or higher TRIR rates. The findings of this study contribute to the body of knowledge by highlighting the negative 
associations (1) between the level of experience and TRIR and (2) between certifications and TRIR—both of which are 
findings of practical value to safety personnel who aim to maximize their positive influence on safety performance. In 
particular, this finding justifies why construction management should prioritize experience level and safety certifications 
over education when selecting safety personnel.

KEY WORDS: construction safety, occupational accidents, qualifications, safety personnel

1. Introduction
Construction is an important element in achieving a strong economy. The construction industry contributes 
approximately one billion dollars annually to the gross domestic product (GDP) in the United States (BEA, 2020). Globally, 
this number is about one thousand times greater, meaning that the construction industry contributes over $10 trillion to 
the gross world product (GWP) (Mckinsey Global Institute, 2017). The contribution of the construction industry is only 
possible due to the production of the industry workers (Kamas et al., 2019; Nnaji et al., 2022; Rasheed, 2016). Over 2% of the 
US population works in construction, which accounts for over 7 million individuals, with an anticipated annual increase 
of approximately half a million new employees (BLS1, 2020; BLS2, 2020). With all of their importance and critical role 
in maintaining a prosperous economy, the construction workforce faces significant challenges, especially in terms of 
maintaining their health and safety. Every year, the construction industry loses about 1,000 employees due to workplace 
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fatalities, and many others become injured or disabled. In 2019, 1,061 employees were killed in workplace operations, 
according to the Bureau of Labor Statistics (BLS1, 2020). Construction employees face a risk of encountering a fatal 
accident that is 3-4 times higher than employees working in, say, the manufacturing industry (GÜRCANLI and MÜNGEN, 
2013; Jin et al., 2019).

To curb the increasing number of workplace injuries and fatalities, it should be ensured that safety personnel leading 
the safety efforts on construction sites are well-qualified and have the necessary training, education, and experience. 
The probability of improving overall safety performance increases 2.29 times when having full-time safety personnel 
(Al-Bayati et al., 2020). The process of determining if safety personnel are well-qualified for a job is oftentimes subjective 
and does not follow recommendations or requirements provided by safety associations and professional organizations 
(Al-Bayati et al., 2019; Tam et al., 2004). However, there is no literature on determining if construction safety personnel 
are adequately qualified for the responsibility of their positions. Relatedly, few studies have examined the qualifications 
of safety personnel in the construction industry. Only a single study conducted by Awolusi et al. (2017) focused on the 
qualifications of construction safety personnel. The study of Awolusi et al. (2017) found that construction firms are 
equipped with higher numbers of safety personnel to manage construction activities than the staffing size recommended 
by existing literature on the topic. The ISO 45001-2018 standards titled “Occupational health and safety management 
systems — Requirements with guidance for use,” stresses that organizations should ensure their safety personnel is 
competent for the job responsibilities that they are upholding. It is recommended that competence be evaluated by three 
major elements: education, training, and experience. Accordingly, the goals of the present study are to (1) examine if the 
qualifications of construction safety personnel match recommended qualifications by safety associations and professional 
organizations, and (2) empirically analyze the impact of three key safety personnel qualifications (namely education, 
experience, and certifications) on overall construction site safety performance. Based on a review of existing literature, 
safety qualification is assessed by three key aspects: (1) education, (2) experience, and (3) certification (ASSP (American 
Society of Safety Professionals), 2016).

2. Research Hypothesis Development
The first goal of this study is achieved using descriptive statistics. With respect to the second goal of the research 
study, a research hypothesis is developed and will be tested using inferential statistics. The hypothesis examines 
the association between safety performance measured by the TRIR, as shown in the subsequent section, and the 
qualifications of safety personnel with respect to three aspects: education, experience, and certifications. Accordingly, 
three research hypotheses were developed, as follows:

1. Education versus safety performance.

1.	 Null hypothesis (1Ho): Higher levels of education of safety personnel are not associated with improved 
construction site safety performance.

2.	 Alternative hypothesis (1H1): Higher levels of education of safety personnel are associated with improved 
construction site safety performance.

2. Experience versus safety performance.

1.	 Null hypothesis (2Ho): More years of experience are not associated with improved construction site safety 
performance.

2.	Alternative hypothesis (2H1): More years of experience are associated with improved construction site safety 
performance.
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3. Certifications versus safety performance.

1.	 Null hypothesis (3Ho): Acquiring a safety certification is not associated with improved construction site safety 
performance.

2.	Alternative hypothesis (3H1): Acquiring a safety certification is associated with improved construction site safety 
performance.

3. Research Objectives
To test the research hypotheses stated in the previous section, the specific objectives are set for the present study, as 
follows:

•	 Assess the qualifications of safety personnel holding safety positions in the construction industry and whether they 
possess the minimum qualifications recommended by safety associations and professional organizations.

•	 Examine the association between three recommended qualifications (education, experience, and certification) and 
safety performance outcomes on construction projects.

For the second objective, the TRIR was considered the primary indicator to measure safety outcomes. Construction 
researchers and practitioners widely adopt TRIR to evaluate the safety performance of a construction company. 
According to the Occupational Safety and Health Administration (OSHA), TRIR is calculated by multiplying the total 
number of recordable cases by 200,000 and dividing by the total hours worked by all employees within a company during 
the year covered (Karakhan et al., 2018).

4. Research Methodology
A questionnaire survey was developed and distributed to safety practitioner personnel who were responsible for 
construction safety management in the US. The authors developed a questionnaire survey for safety personnel and 
approved by the Lawrence Technological University’s Institutional Review Board (IRB). The questionnaire was pilot tested 
with three knowledgeable professionals active in construction health and safety management. This pilot testing ensured 
that the survey questions were practical and consistent with the terminology used in the industry and minimized any 
potential bias with the survey (Abowitz and Toole, 2010). The questionnaire was revised based on the feedback received 
from three professionals who participated in the pilot testing and distributed to the targeted audience via email. The 
researchers distributed the survey to safety professionals in their contacts and asked the participants to forward the 
survey to other safety personnel who uphold an active safety position within their firms. Thus, the researchers utilized a 
convenience sample (i.e., snowball), which is often used by construction scholars (Abowitz and Toole, 2010).

Corresponding to the research goals, the questionnaire consisted of three main parts. The first part focused on collecting 
demographic information about the survey participants, such as sector, organization type, job title, etc. The second part 
collected information about the participants’ qualifications (i.e., education, experience, and certification) and their safety 
roles. Finally, the third part solicited information pertaining to safety performance metrics of the participants’ firms, such 
as TRIRs and the number of dedicated full-time and part-time safety personnel within each company.

Sixty-five (65) construction safety practitioners participated in the study. The construction industry is known for lacking 
participation in surveys and questionnaires (Nabi and El-adaway, 2021). There is no clear threshold for sample size that 
should be considered for construction research. Accordingly, a wide range of sample sizes has been suggested, including 
a minimum sample size of 35 data points, 50 data points, and 75 data points by Fowler (1995), Sudman (1983), and 
Converse and Presser (1986), respectively. Thus, the obtained sample size seems to be within the standard ranges used in 
construction research.
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5. Research Findings
The majority of the participants (over 70%) were either safety practitioners/specialists or safety managers/senior 
specialists. The remainder of the participants (approximately 30%) were distributed between safety interns, safety 
directors, safety executives, safety presidents, and so forth, as presented in Table 1. The responding participants 
equivalently represented general contractors (33 participants, 50.77%) and subcontractors (32 participants, 49.23%). 
Overall, all regions throughout the U.S. (northeast, west, southwest, midwest, south, and mid-Atlantic) were represented 
in the survey. The participants were located in 13 different geographical locations throughout the U.S. (12 states and the 
District of Columbia). Due to the extended contacts of the researchers in North Carolina and the surrounding area, the 
majority of the responses came from the state of North Carolina (22 responses, which represents approximately 34% 
of the total responses received). South Carolina came second regarding the number of individuals participating in the 
questionnaire survey, with 12 responses (18.5%). Nearly 10% of the respondents (six respondents) were located in the 
state of New Jersey, and 6% of the respondents (four respondents) were located in the District of Columbia. Arizona, 
California, and Georgia each had two individuals participate in the study. Finally, only one individual participated in the 
study from the following states: Maryland, Massachusetts, New York, Ohio, Vermont, and Virginia. Table 1 summarizes the 
demographic information of the survey respondents.

Professional experience is one of the most important factors that guarantee the validity and reliability of the study 
findings (Karakhan et al., 2021). As shown in Table 1, more than 90% of participants have more than 5 years of professional 
experience, which increases the level of confidence in the study findings.
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5.1 Qualifications of Construction Safety Personnel

To achieve the first research objective and assess whether safety personnel in the construction industry possess the 
minimum required qualifications, the participants were asked about their education, experience, and any certification(s) 
they possess. After integrating the data, it was found that all of the surveyed safety personnel obtained the minimum 
required level of experience needed for safety positions, as reported in the existing literature on the topic. Similarly, most 
of the participants (86%) possessed the minimum education level recommended by professional organizations and safety 
associations for their safety positions. Finally, with respect to certification, possessing the required certification varies 
depending on the position of safety personnel. In contrast, the majority of the surveyed safety practitioners/specialists 
(72%) possessed the minimum certification recommended for their safety position. However, all the surveyed safety 
executives/presidents/vice presidents (100%) did not possess the minimum certification level recommended for their 
position. However, this could be a result of the fact that the safety professional certification programs were not mature 
several years ago. On average, 42% of the surveyed safety personnel did not possess the recommended certification level 
determined by professional organizations and safety associations for their safety positions. Table 2 shows the distribution 
of the possessed qualifications for the surveyed construction safety personnel.

5.2 Impact of Qualifications of Construction Safety Personnel on Safety Performance

To achieve the second research objective, the association between the qualifications of construction safety personnel 
and safety performance (i.e., TRIRs) was examined. Therefore, the TRIRs of the surveyed construction companies were 
collected from the participants. Given the sensitivity of the information requested (i.e., injury statistics), only 43% of the 
surveyed construction safety personnel initially responded to these questions and provided the requested information, 
yielding 28 responses. To increase the level of participation, another email was sent to the participants who did not 
provide safety metrics for their organizations, and it was clarified that company names and other personal information 
would be kept confidential and excluded from the study (i.e., not shared with anyone outside the research team). As a 
result, an additional five participants provided information about the safety metrics of their organizations, increasing the 
number of participants to 33. This piece of information can assist in answering the three sub-hypotheses for the second 
goal of the study.

When examining the association between a response variable (i.e., TRIR) and multiple exploratory variables (i.e., 
qualifications) needed to test the research hypothesis, multiple linear regression is considered an appropriate analysis 
method (Cobb et al., 2000). Multiple linear regression analysis is a statistical method that uses several explanatory 
variables to examine the association and predict the outcome of a response variable. The purpose of multiple linear 
regression analysis is to model the linear relationship between explanatory (independent) variables and a response 
(dependent) variable (Cobb et al., 2000). In this case, TRIR is the response variable, and safety qualifications of 
construction personnel (i.e., education, experience, and certification) are the exploratory variables. Equation (1) shows the 
multiple linear regression utilized in the present study. The scale of exploratory variables is as follows:



24

•	 Certification: 0 for no certification at all and 1 for acquiring certification.

•	 Education: 0 for no education, 1 for a 2-year program, 2 for a 4-year program, and 3 for a program of 4 years or 
longer.

•	 Experience: Years of experience.

TRIR ​= β0​ + β1*​Education​ + β2​*Experience​ + β3*​Certification (1)

Where:

β0​ is the intercept (a constant value), and

β1-3 are the estimates for the explanatory variables.

Accordingly, multiple regression was run to predict TRIR from education, experience, and certification status. There was 
linearity between the continuous exploratory variable and TRIR. There was also independence of residuals, as assessed 
by a Durbin-Watson statistic of 1.87. There were no studentized deleted residuals greater than ±3 standard deviations. 
The assumption of normality was met. Accordingly, the assumptions of the test were all met. Afterward, a regression 
model was developed, and the results indicated that there is statistically significant evidence that the developed multiple 
regression model predicted TRIR; F (3, 29) = 6.08, p-value = 0.002, adj. R2 = 0.38. The output of the produced multiple 
linear regression model is presented in Table 3. The output includes information about coefficient estimate (β), standard 
error (SE), t-statistic, p-value, and confidence interval (CI). Equation 2 numerically expresses the model output.

Based on the regression output, years of experience and certification status added statistically significant results to 
the prediction, p-value < 0.001. Higher levels of experience of safety personnel and possession of certification are 
negatively associated with TRIR based on the sample studied. This negative association means that each additional year 
of experience that construction safety personnel possess is expected to be associated with a 0.068 decrease in TRIR, 
holding other variables constant (t-statistic = –3.578, p-value = 0.001). Similarly, each additional certification possessed 
by construction safety personnel is expected to be associated, on average, with a 1.910 decrease in TRIR, holding other 
variables constant (t-statistic = –2.926, p-value = 0.001). On the other hand, no statistically significant evidence of an 
association between the level of education of safety personnel (2- and 4-year degree or even higher education) and TRIR 
was found based on the sample studied (t- statistic = 0.517, p-value = 0.610).

TRIR ​= 4.008​ + 0.197*​Education​ – 0.068​*Experience​ – 1.910*​Certification   (2)
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6. Testing Research Hypothesis: Statistical Analysis 
Findings
Three research hypotheses were tested using the statistical analysis of the multiple linear regression model. This section 
of the manuscript describes the findings of the statistical analysis with respect to each hypothesis.

6.1 First Hypothesis: Education vs. Safety Performance

The statistical analysis found no statistical evidence against the null hypothesis (1Ho) that higher levels of education are 
not associated with improved safety performance on construction projects (t-statistic = 0.517, p-value = 0.610). This means 
that the null hypothesis (1Ho) cannot be rejected and that, based on the study sample, higher levels of education do not lead 
to lower TRIR and improved safety performance on construction projects.

6.2 Second Hypothesis: Experience vs. Safety Performance

The statistical analysis found substantial statistical evidence against the null hypothesis (2Ho) that more years of industry 
experience are not associated with improved safety performance on construction projects (t-statistic = –3.578, p-value 
= 0.001). This means that the alternative research hypothesis (2H1) should be accepted instead. The alternative research 
hypothesis states that more years of experience are associated with lower TRIR and improved safety performance on 
construction projects.

6.3 Third Hypothesis: Certifications vs. Safety Performance

The statistical analysis found substantial statistical evidence against the null hypothesis (3Ho) that acquiring a safety 
certificate is not associated with improved safety performance on construction projects (t-statistic = –2.926, p-value = 
0.001). This means that the alternative research hypothesis (3H1) should be accepted instead. The alternative research 
hypothesis states that acquiring a safety certificate is associated with lower TRIR and improved safety performance on 
construction projects.

7. Discussion and Recommendations
The analysis of the collected responses shows that less than 50% of the surveyed construction safety personnel possess 
the combined minimum qualifications in terms of education, experience, and certification recommended for their 
safety positions as determined by ASSP. Concerning education, most of the surveyed safety personnel (86%) possess 
the minimum education level required. Several of them have higher education levels than the minimum education 
recommended. Regarding the relevant experience of construction safety personnel, all of the surveyed individuals (100%) 
possess the minimum experience level for their safety position. As the data suggest, the vast majority of the surveyed 
safety personnel possess the recommended education and experience levels in alignment with the fact that education and 
prior experience are key requirements for most safety positions in the construction industry. The percentage of safety 
personnel who did not obtain the recommended certification level is undesirable, especially for higher safety positions. 
Overall, 58% of the surveyed construction safety personnel possess the minimum certification level recommended for 
their safety positions. To provide a perspective, less than one-third of the safety personnel in managerial safety positions 
(directors, executives, presidents, etc.) possess one of the recommended safety certifications. Safety certification 
and licensure are often obtained during professional development offered by the hiring organization. Professional 
development opportunities related to safety are sometimes underutilized in the construction industry, especially for 
small- and medium-sized organizations, due to the limited financial and non-financial resources (Al-Bayati, 2021b). 
Obtaining a professional certification or licensure related to safety is a sign of maturity that can positively influence 
safety behaviors and outcomes of construction projects (Gambatese, 2019). These results may suggest that the industry 
emphasizes experience over other qualifications.
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On the other hand, the statistical analysis using multiple linear regression indicates mixed findings. While statistically 
significant evidence of association is detected between experience level and certification possession of safety personnel 
and their corresponding companies’ TRIRs, no statistical evidence of an association between the education level of safety 
personnel and TRIR is observed, according to the regression outputs. The statistical association between the experience 
level of safety personnel and TRIR is found to be negative, leading to an average of 0.068 potential decreases in TRIR for 
each additional year of experience safety personnel possess, assuming that education and certification levels remain 
constant (β2 = –0.068, SE = 0.382, 95% CI = –0.107 to –0.029, t-statistic = –3.578, p-value = 0.001). This finding is in line with 
previous studies that found a statistical relationship between years of experience and safety performance on construction 
projects (Awolusi et al., 2017; Jaselskis et al., 1996). Similarly, the regression model reveals a statistically significant negative 
association between the certification level of safety personnel and TRIR. To be specific, each additional certification 
acquired by construction safety personnel is expected to be associated, on average, with a 1.910 reduction in TRIR, 
assuming that experience and education levels remain constant (β3 = –1.910, SE = 0.653, 95% CI = –3.245 to –0.575, 
t-statistic = –2.926, p-value = 0.001). Ideally, all safety personnel should have a certification (Hinze et al., 2013). The finding 
highlights the importance of safety certifications. However, the industry doesn’t seem to acknowledge the necessity 
of having the recommended safety certifications, according to the majority of participants who did not possess the 
recommended level of certifications. Safety certification has multiple benefits, including encouraging safety personnel to 
continue professional development and learning safety best practices for mitigating and managing workplace hazards. 
However, it should be acknowledged that sponsoring and providing opportunities to obtain and maintain professional 
licensing and certification require financial and non-financial resources, which may not be available for smaller 
construction firms (Al-Bayati, 2021a).

Startlingly, the regression analysis indicates no statistically significant evidence of association between the level of 
education acquired by safety personnel and TRIR (β1 = 0.197, SE = 0.653, 95% CI = –0.584 to 0.980, t-statistic = 0.517, 
p-value = 0.610). This finding could be explained by the fact that students receive a wide range of topics through their 
educational programs, which may not be related to their specific duties. However, experience and certifications are 
often related to the daily duties of safety personnel. It should be noted that this surprising finding could be attributed 
to the fact that all 33 surveyed safety personnel who provided information about their companies’ TRIR possessed the 
minimum education level recommended for their safety position. This means that the regression analysis did not examine 
whether not having the required education level is associated with different TRIR—basically, only the impact of having 
different levels of education that exceed the minimum level on TRIR was tested in the regression analysis. Ideally, the 
impact of not having the minimum education level recommended on TRIR should be understood within its statistical 
meaning, not practical implications. The statistical results reveal that having higher levels of education than the minimum 
recommended level is not statistically always associated with reduced TRIR. However, it is not practical to totally ignore 
the positive influence of educated safety personnel on overall site safety. On the other hand, it should be clarified that 
the correlation between education and TRIR does not necessarily express a cause-and-effect relationship. Instead, this 
correlation may be attributed to multiple contributing factors that cause increased TRIRs on construction projects.

8. Limitations
The current study contributes to the body of knowledge by providing exclusive insights into the role of different elements 
of the desired qualifications for construction safety personnel. Despite its merit, this study has several limitations. First, 
the sample size of 65 safety personnel was sufficient enough for statistical data analysis. However, larger sample sizes 
can provide a broader perspective on the distribution of safety personnel qualifications in the U.S. Second, only 33 (i.e., 
51%) of surveyed participants provided their companies’ TRIRs. Increasing the number of participants who voluntarily 
provide TRIR information can shed more light on the subject matter. Third, the analysis presented in this study has mixed 
levels. Namely, the independent variables (i.e., qualifications of safety personnel) are for the individual survey participants, 
whereas the dependent variable (i.e., TRIR) is for the survey participants’ firms. To avoid having mixed levels of analysis, 
future researchers are advised to measure the extent to which all safety personnel in the firm meet the recommended 
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ASSP safety qualifications. Fourth, the TRIR scores were analyzed in aggregate, whereas the survey sample included 
individuals with different levels of responsibility and professional qualifications. There may be a relationship between one 
type of qualification and TRIR, but it was masked by aggregating the different levels of responsibility. Fifth, the findings 
of the present study are limited to the U.S. construction industry and cannot be generalized across other countries. 
Each country has unique work environments, rules, regulations, incident reporting, recording criteria, culture, weather 
conditions, etc., and it is unrealistic to generalize the findings of a study conducted in a country across other nations. Sixth, 
the adjusted R2 for the overall model was 38%, a moderate size effect, according to Cohen (1988). Construction safety 
scholars are encouraged to address these critical limitations to improve the industry’s understanding of the necessary 
safety practitioner qualifications.

In addition, TRIR was considered the only measurement of a company’s safety outcome, which may not fully represent 
the safety performance of a company (Al-Bayati et al., 2020). Future studies must consider other leading indicators 
to investigate the role of safety personnel qualifications in improving safety performance in their companies. It is also 
recommended that future research examines the impact of designating safety personnel for each construction site, given 
its size and characteristics, on the overall TRIR. The impact of a different safety-officer-to-employee-ratio on the safety 
performance of a project should be studied as well.

9. Conclusions
Construction as a profession suffers from high rates of incidents in the workplace. However, most of these incidents, 
specifically severe incidents, can be prevented by implementing an effective safety plan. Safety personnel play a key role 
in the successful development and implementation of safety plans. There is scarce research on the role of effective safety 
personnel qualifications in enhancing construction safety performance. The present research study aimed to assess the 
qualifications of safety personnel in the construction industry and examine the association between the qualifications of 
safety personnel and overall construction site safety. Among others, the study revealed a lack of significant association 
between TRIR and education, which is a concerning finding that requires further investigation and special attention 
from related safety educational programs. On the other hand, the study suggests a negative correlation between TRIR 
and construction safety experience, as well as related safety certifications possessed by safety personnel. Despite  its 
importance and its role in preventing accidents, there is a lack of certification attainment among safety personnel in the 
construction industry in general and upper safety positions. Attaining the required certification for all safety positions 
is critical. The finding of this study revealed a statistically significant association between certification attainment and 
TRIRs on construction projects. Construction organizations are recommended to consider certification attainment as 
one of the critical requirements when hiring safety personnel. In addition, construction firms should sponsor and provide 
opportunities for safety personnel to obtain and maintain professional safety certification. Although such sponsorship 
might be costly upfront, the benefits of acquiring a safety certification are expected to outweigh any cost spent. Finally, 
project owners should incorporate a requirement of certifications for safety personnel handling construction projects 
due to the importance of these certifications in improving the safety performance of construction projects.
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