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Abstract

:

Construction workplaces still report an unacceptable number of safety incidents every year. To tackle these disproportionate incident rates, safety training interventions are adopted widely in construction workplaces. Despite their adoption, poor safety performance continues to be a universal and global problem in the industry. In fact, recent research has called into question the effectiveness of training programs that are commonly adopted in the industry. There is also evidence that suggests that training interventions, in many cases, do not yield tangible benefits and may sometimes simply reduce to wasted resources. Therefore, it is important for industry stakeholders to possess a good understanding of the characteristics of training interventions that translate to superior safety performance. Towards achieving this goal, the present article concisely summarizes specific safety training intervention elements, which when integrated into training programs, can translate into superior safety performance and outcomes. The objectives of the research were achieved by performing a review of the construction safety training literature from diverse sources. The findings demonstrate that training interventions that integrate visual cues to guide hazard recognition, immersive experiences in virtual environments, andragogical training principles, personalization of training experiences, testing and feedback, and other elements can improve training effectiveness and outcomes. The article will serve as a resource for industry professionals that seek to address the weaknesses of existing training interventions. Researchers may also use this as a resource to inform the development of the next generation of safety training interventions. Together, the presented research can be leveraged to reduce the number of undesirable safety incidents experienced in construction workplaces.
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1. Background


Construction workplaces report a disproportionate number of workplace injuries every year [1]. For example, in the United States, more than 20% of work-related fatal incidents are experienced in construction workplaces [2]. In the same manner, the construction industry is among the industries that report the highest number of injuries that result in disabilities, days away from work, and those that require immediate medical attention [3]. Accordingly, construction workers are disproportionately more likely to be injured than workers in most other industries [4]. Apart from the suffering and pain that are directly associated with these incidents, these injuries result in several other undesirable outcomes. For example, the cost of these injuries, which include worker compensation, medical treatment, penalties, and other expenses, exceeds millions of dollars each year in the United States [5]. In addition, loss of reputation, legal challenges, and project failures are all more likely when workplace injuries are experienced in workplaces [6].



Because of the significance of the undesirable outcomes discussed above, a considerable amount of effort has been devoted to injury prevention. These include establishing and enforcing safety regulations, conducting regular drug testing, and introducing policies that require frequent safety inspections [7,8,9]. Apart from such efforts, another form of intervention that is common in construction workplaces is the administering of safety training programs [10,11,12,13,14,15,16]. These training efforts focus on ensuring that field workers are proficient in identifying and managing safety issues in construction workplaces to prevent any workplace accident or safety incident [17,18].



Unfortunately, there is a large body of research that argues that safety training efforts in practice have not yielded sufficient benefits for a variety of reasons [18]. For example, there is evidence to suggest that employers sometimes prioritize productivity and cost-savings over offering the best training interventions. This is particularly an issue in the construction industry given the temporal nature of construction operations, the transient nature of the workforce, and the fear that well-trained workers are often attracted by competing businesses [19]. Other challenges to the adoption of effective training interventions include factors such as time constraints in construction projects, disinterest among fellow workers, and the lack of clarity on how training translates to tangible benefits [17].



Despite the various barriers to the adoption of effective training practices discussed above, and given that the cost of injuries and the penalties associated with poor safety performance has considerably increased in the last decades, employers are increasingly being incentivized to invest in safety training programs [20]. Accordingly, employers are taking a more active role in offering safety training interventions to their workforce [21,22].



However, poor training practices are widespread in the construction industry [12,15,16,21]. The adoption of these poor training practices often diminishes the returns or even negates the potential benefits that can potentially be achieved if effective training interventions are adopted. For example, past research has demonstrated that the most common approach to training construction workers involves the use of lecture-based, classroom-type instructional methods that do not elicit interest or sufficiently engage workers [12,15,16,21]. Unfortunately, the adoption of such unengaging training methods can lead workers to form a negative attitude towards safety training programs, which can translate to apathy and poor safety performance [16,23].



Therefore, employers and relevant industry stakeholders need to be aware of training program elements that will sufficiently engage workers and translate to desirable training outcomes—such as superior safety performance. As a step towards making this knowledge available to these stakeholders, the objective of the presented review article was to examine the broad and fragmented literature on construction safety training and distill the key elements that are known to render safety training programs to become effective. The findings can be used by industry stakeholders as a resource to develop and design robust safety training programs that will translate into superior safety performance in construction workplaces.




2. Methods


To unveil the key elements that are associated with impactful training interventions, a comprehensive review of the construction safety literature was targeted. Prior to the initiation of the review effort, the selection and exclusion criteria, potential sources of information, planned search strategy, and the screening process for the relevant articles were outlined as per the recommended practices for such investigations [24].



With regards to the selection criteria, the review scope was limited to articles published in the last 20 years. This limited scope was targeted to ensure that the state-of-the-art training elements are captured and that the findings can be leveraged as actionable knowledge for the design of new and novel safety training interventions. Efforts that focused on safety but did not explicitly discuss construction safety training interventions were not targeted. Other efforts that focused on safety training but did not discuss specific safety training elements were also not included in the selection criteria (i.e., efforts that focused on assessing the attitude of workers towards safety training in general). In addition, only articles that were in English were targeted as part of the research effort.



As a starting point, broad searches were conducted on databases including Scopus, Web of Science, Google Scholar, and the American Society of Civil Engineers (ASCE) library to identify relevant articles as per the predefined potential sources of information. Search terms that were used as per the planned search strategy included safety training, construction safety training, hazard training, safety interventions, and safety management. The resulting articles were reexamined to identify articles that specifically discussed safety training elements that improve training outcomes by reviewing the title and the abstract in accordance with the planned screening process. When the relevance of particular articles was unclear from the review of the title and the abstracts, the other sections of the article were reviewed by the authors to assess relevance. All articles that offered evidence of the effectiveness of particular safety training elements were included as part of the effort. Overall, over 80 articles were found to fit the criteria of the study.



Next, each of the articles were examined and specific safety training elements were extracted and cataloged. Given that the articles explicitly identified the training elements of interest, a manual process was sufficient for the extraction process. As the examination progressed, the training elements identified were cataloged on a spreadsheet on an on-going basis and combined with existing ones whenever found to be necessary [25]. Once the set of unique training elements were cataloged successfully, a reexamination of the relevant articles was performed to extract the key benefits offered by each of the safety training elements. Identifying the benefits offered the necessary context for the purposes of the currently reported study. These benefits were identified and organized as subthemes that were linked to each of the safety elements that served as the themes in the spreadsheet manually.




3. Findings


The research resulted in the identification of safety training elements that are known to improve the outcomes of safety training interventions. For this article, the findings are presented under 19 categories. It should be noted that the safety training elements that were identified were not necessarily mutually exclusive. Therefore, the purpose of the distinctions that are made between the elements as presented in the next section is simply to present the results in a logical and coherent manner for easy consumption for readers.



3.1. Visual Cues, Mental Schemas, and Energy-Based Mnemonics


Among other things, construction workers are required to examine workplaces and recognize and manage safety hazards that can cause harm [26]. However, in most cases, construction workers do not particularly adopt any systematic approach to guide their hazard recognition process [15]. In most cases, workers simply adopt an unstructured approach where they haphazardly scan the work environment with the hope that the hazards that can cause harm will automatically capture their attention [27,28]. Unfortunately, recent research demonstrates that such an unstructured approach for recognizing safety hazards can lead to superficial and suboptimal performance [29,30]. For example, in many cases, where a systematic process is not adopted, workers largely only capture and report generic hazards, such as fall potential, trip likelihood, pinch-points, etc., irrespective of the work context or the operations that are planned for execution [31]. Moreover, in such cases, workers are likely to fail to recognize other hazards that are relevant and can cause injury [31]. When such unrecognized hazards are present in the workplace, workplace injuries become more likely since unrecognized hazards are also likely to remain unmanaged [15].



One of the systematic approaches that have been suggested and successfully incorporated as part of training efforts is the provision of visual cues, mental schemas, or energy-based mnemonics to guide the hazard recognition process [10,15,32]. The visual cues that are offered to workers as part of the training are based on Haddon’s energy release theory, which suggests that any undesirable exposure to an energy source can lead to injuries or accidents [10,29,33].



As part of intervention elements, workers are provided with 10 energy sources as visual cues that they can use to guide their hazard recognition efforts in workplaces [10,15,32]. The energy sources that are included as part of the training efforts include gravity to prompt workers to identify hazards, such as leading edges, slippery surfaces, and falling objects; motion that trigger the recognition of hazards, such as moving equipment, vehicles, and objects; and electrical to promote the recognition of hazards from energized equipment, power lines, and power outlets; etc. The ten energy sources that are part of the intervention elements are presented in Figure 1.




3.2. Training in Virtual Reality/Augmented Reality/Immersive Environments


Given the safety risks of offering training in actual workplaces, a large body of research has successfully leveraged virtual environments, augmented reality, 360 videos, and immersive environments to offer robust training for workers [10,34,35]. The primary advantage of these environments is to simulate dangerous workplace conditions that are necessary as part of the training that cannot be replicated in real workplaces due to the safety risks [36]. While virtual environments allow the simulation of hypothetical situations, 360 videos can capture actual workplace conditions—both of which are associated with complementary advantages [34]. Past research has also demonstrated that immersive environments have also been able to engage and immerse workers into training experiences that translate into superior training outcomes [10].




3.3. Multimedia Presentations including Animations, Videos, and Photographs


A large number of training efforts adopt multimedia sources to communicate important safety information. For example, videos and animations that recreate previously experienced incidents are common [37,38,39]. Moreover, the communication of safety regulations and best practices are efficiently achieved by these multimedia sources [40,41]. The primary benefit of using these multimedia presentations is the superior engagement that is achieved [37]. In addition, given that the recordings, videos, and animations can be reused, this form of training offers a cost-effective means for training [39]. These multimedia resources are increasingly being integrated as part of online education and training to reach a broad audience [38].




3.4. Testing and Feedback


A number of training interventions have successfully incorporated testing and feedback [14,15,42]. In these training programs, the skill level of the trainees is first assessed to identify and demonstrate the need for training [15]. Once the trainee perceives this need for training, feedback is offered based on the trainees’ initial performance to demonstrate areas for improvement or to clarify performance expectations [17,43,44]. Such testing along with feedback has been demonstrated to enhance hazard recognition skill, reduce risk-taking behavior, and result in desirable safety-related behaviors [15,43].




3.5. Leveraging Eye-Tracking Technology and Visual Attention Maps


A number of recent studies have leveraged the power of eye-tracking technology and visual attention maps to enhance the hazard recognition ability of workers [45,46,47]. More specifically, these efforts have largely tasked workers or individuals examine construction workplaces or images of workplaces to identify safety hazards. Once the hazard recognition effort of a trainee is completed, a visual attention map that highlights hazards that received attention and those that did not receive attention is highlighted to workers or the individuals [15,45]. Moreover, these visual attention maps also reveal problem areas that need to be addressed using training. Using eye-tracking technology along with the visual attention maps to offer feedback and training to workers has been demonstrated to improve the effectiveness of hazard recognition training interventions [15].




3.6. Metacognitive Prompts


Metacognition is a self-introspection process through which an individual examines their own mental processes to identify weaknesses that will need attention [48,49]. Metacognitive prompts are prompts that elicit or assist individuals to become aware of weaknesses in their own thinking or mental processes [50,51]. Accordingly, metacognitive prompts have been used to assist workers to self-evaluate the reasons why they fail to recognize hazardous conditions either in a training setting or in the workplace. For example, past research has tasked workers to recognize safety issues in a work setting [15]. Next, feedback is offered on the hazards that they failed to recognize during the activity along with metacognitive prompts to foster self-evaluation [15]. Examples of metacognitive prompts that have been used include asking workers if they failed to recognize a particular safety hazard because they were unable to see it visually (e.g., poisonous gases, buried power lines), if they were not familiar with the task that was associated with the recognized hazard (e.g., stud welding), or if they perceived the hazard to impose relatively low levels of safety risk [52]. A total of 13 metacognitive prompts can be found in Jeelani et al. [15].




3.7. Hierarchy of Controls


The hierarchy of controls [53] that was introduced by the National Safety Council in 1950 and later recognized by the National Institute for Occupational Safety and Health (NIOSH) has been successfully embedded in many safety training programs [34,54]. The hierarchy of controls is a simple and schematic representation of safety control measure categories that are organized in accordance with their relative effectiveness, as shown in Figure 2.



As can be seen, the hierarchy of controls suggests that the most effective approach to control safety hazards is to eliminate the hazard. An example of elimination would be to adopt a design that eliminates the risk of fall from heights by adopting a novel design that does not require work from height (e.g., precast elements constructed on the ground level in a controlled environment). However, given that the design development is significantly upstream to construction operations, they are often more difficult to adopt and more expensive in practice given existing barriers in the industry [53]. In contrast, the least effective safety control measure is the reliance on personal protective equipment (PPE), which may be less reliable in preventing an injury. In fact, PPE has often been labeled as the least effective safety control measure. The schematic, as presented in Figure 2, is often integrated into training programs to assist workers and other stakeholders prioritize and adopt feasible safety controls that are the most effective in preventing workplace injuries [34,54].




3.8. Hands-On and Active Training Approaches


Much of the safety training efforts that are adopted in the construction industry are passive in nature; i.e., where the trainer presents information in a classroom-type setting while the trainees are only required to be passively attentive [11,21,55,56]. Unfortunately, there is a large body of research that demonstrates that such training approaches do not yield desirable levels of return [16,57,58]. Accordingly, a large body of research has advocated for the use of hands-on and active modes of training where the trainees play a more central and active role [16,59,60]. Examples of active training methods include role-playing, work-together groups, brainstorming, and participation in simulated virtual environments, and the use of physical models to demonstrate safety concepts [12,56,61].




3.9. On-the-Job Training and Apprenticeship Programs


A significant body of literature advocates for the adoption of on-the-job training and apprenticeship programs for training purposes [19,39,62]. According to this literature, offering on-the-job training and apprenticeship programs provide the necessary context for the work, which results in the training being more relevant to daily work operations [61,63]. Moreover, there is evidence to suggest that on-the-job training results in the development of skills that workers are more likely to replicate after the conclusion of the training efforts when they return to the workplace [64,65]. There are also discussions in the literature that argues that on-the-job training offers a more realistic and immersive environment when compared to other training formats [64]. Much of the on-the-job training efforts and apprenticeship programs are also hands-on in nature, which offer additional benefits [12,16,21]. The one downside of on-the-job training and apprenticeship programs is the close proximity to real safety hazards in a workplace setting, which can increase the risk of injury [36].




3.10. Integration of Training Transfer Elements


One of the largest challenges associated with safety training is that workers that receive training do not necessarily apply the concepts learned when they return back to work [13,18,66,67]. Therefore, much of the training efforts do not yield desirable levels. To ensure that that the learning gained from training is applied when workers return to the field, past research has suggested that training transfer elements must be embedded [18,68]. Examples of training transfer elements include implementation tools such as checklists, booklets, and pocket cards that workers can use at the work interface that are built upon the training material that was offered. The training experience should also be designed to be sufficiently vivid and be representative of real construction operations to facilitate training transfer [69,70]. Apart from designing the training experience and the associated implementation resources, findings suggest that other elements, such as supervisor expectation, commitment from the upper management, peer support and reinforcement, and the placement of appropriate incentives, foster the transfer of training [18].




3.11. Andragogy-Based Training


Much of the training offered in the industry largely adopts a pedagogical instructional approach. However, an emerging body of literature argues that these pedagogical training approaches are more appropriate for school-aged children and must be replaced with andragogical approaches that are more suitable for adult learners [12,21,55,71]. This body of literature argues that unlike a pedagogical approach where the instructor plays a more authoritarian role in a classroom-like setting, andragogical training approaches recognize trainees as collaborators that possess useful and relevant experiences that can serve as a resource during training efforts [55,72]. Accordingly, the trainer plays the role of a facilitator in the andragogical approach rather than an instructor, which is typical of pedagogical training approaches. In addition, given the relevant experience that trainees bring, trainees play a more active role as part of the training experience in andragogical approaches as opposed to being more passive and dependent on the instructor as is the case in pedagogical training approaches [72]. For example, the trainees share the rich experience they possess and learn in a collaborative and conducive environment.




3.12. Naturalistic Injury Simulations and Physical Demonstrations


An emerging body of research has focused on developing physical and naturalistic simulations that demonstrate previously experienced real-life workplace injuries using hyper realistic replicas of human body parts and common construction tools that can cause injuries during training demonstrations. For example, past research has leveraged physical demonstrations where a concrete chisel is dropped on a human hand replica [11,12]. The findings demonstrated that the adoption of these physical naturalistic injury simulations yields an emotional response among trainees [12]. These emotional responses in turn translate to superior learning and risk aversion, which are fundamental to discourage risk-taking behavior in construction workplaces. Other efforts have used physical dummies to represent realistic incidents involving pieces of equipment, construction material, and tools to demonstrate safety risks and appropriate safety measures in a range of activities, which include excavation operations, work in proximity to powerlines, and lifting and hoisting [73,74]. Training efforts that focus on educating workers on the proper use of personal protective equipment (PPE) and equipment operation are also common [40].




3.13. Serious Games and Gamification of Safety Training


The application of gaming concepts to foster learning has garnered much interest in the safety training literature [10,75,76,77]. The literature suggests that the integration of gaming concepts, such as a goal or challenge, specific rules that are to be followed, and virtual or physical rewards as progress in the training is achieved, can improve training outcomes [10,78,79]. Moreover, such serious games-based training interventions can increase engagement, motivation, and learning [80]. Much of these serious games use a virtual training platform where a trainee can move through a 3D space and interact with virtual objects such as hazards, personal protective equipment, equipment, and other elements while trying to achieve their training goals [10]. However, the concept of gamification can also be applied to training in a physical or a classroom-type environment [81].




3.14. Personalized and Adaptive Training


Most of the training interventions, whether offered in a classroom-type setting or a virtual environment, adopts a one-size-fits-all training approach [15]. These training interventions do not consider the specific learning needs or weaknesses of particular trainees. While these training efforts can be useful, a few efforts have advocated for the personalization of training interventions [15,82,83]. These interventions are designed to examine the learning needs of individuals and adapt or personalize the learning experience in accordance with the observed weaknesses or training needs of the trainees [17,83]. The literature on the personalization of training argues that such a training approach ensures that resources are used efficiently to target specific learning needs while also reducing inattention, frustration, and boredom among the training participants [15]. Moreover, such a training approach avoids repetitive and unnecessary instruction when workers are already proficient in specific safety competency areas [15].



Apart from personalizing training to specific worker needs, others have advocated designing training programs in accordance with the culture, educational background, and the learning preference (e.g., language) of groups or communities of workers [84,85].




3.15. E-Learning or Online-Based Safety Training


E-learning or online-based safety training interventions have been demonstrated to be particularly useful when a large number of trainees or workers are to be trained [36,61,85,86]. In these circumstances, such training efforts have been shown to translate into much cost and time savings [85]. Other benefits of this form of training that is discussed in the literature include the ability to save training progress, access to the training material through any internet-connected device, and the ability to repeat the training experience—on-demand—as and when needed at the preferred location for the workers [85]. Such forms of training interventions were also found to be useful when a face-to-face mode of training was not feasibly particularly in the context of the currently experienced COVID-19 pandemic [87]. Moreover, there is much research that suggests that online-based safety training offered over mobile devices will particularly be impactful among younger and future construction workers and professionals [88].




3.16. Focus-Four Hazards Training


Past efforts have unveiled that the most common causes of fatalities in construction workplaces include falls, struck-by incidents, caught-in/between incidents, and electrical incidents [1]. More specifically, these incident categories account for more than 70% of the fatalities experienced in the construction industry. To address this industry-wide issue, the Occupational Safety and Health Administration (OSHA) developed training programs that targeted these incident types—which were labeled as the focus-four hazards as shown in Figure 3 [89]. In addition, the training material was made freely and publicly available to industry stakeholders to incorporate as part of their own training efforts [20]. Consequently, the focus-four hazards have been incorporated in much of the training programs across the industry, including the widely popular OSHA 10-h construction training outreach program [20,90,91]. Given its widespread use, a number of research efforts have tested and validated the usefulness of these training programs that highlight the focus-four hazards [20,91,92].




3.17. Peer-Led or Initiated Training


Peer-led training has been discussed in the literature as offering many benefits [93,94]. For example, there is evidence that workers trust their peers more over their employers and are more responsive to the training coordinated and offered by their peers [93,94]. This is particularly the case among immigrant workers that are known to experience employer-initiated abuses, such as non-payment and overtime threats, and higher levels of community hostility [62]. In addition, there is much literature to support that these peer-led efforts foster cohesion, community, and collaborative learning among peers, which facilitates the transfer of the training to the workplace following the training experience [62,94,95,96].




3.18. Practice-Based Training and Guided Practice Sessions


As discussed earlier, much of the safety training is offered in a classroom-like setting using a lecture-based approach [12,16,21]. However, training efforts that allow participants to practice through trial and error, whether in a real environment with adequate protection or in a virtual environment, can foster skills development [15,97,98]. Moreover, guided practice sessions, where a seasoned or experienced instructor or coworker coaches the trainee as the trainee practices specific skills, can also promote learning as the mental processes adopted by the experienced instructor or coworker becomes more apparent to the trainee worker [34]. For example, guided workplace inspections as part of the training have been identified as being useful to trainees to identify work-related safety issues [34].




3.19. Social and Collaborative Learning Experiences


Evidence from the literature demonstrates that social learning approaches are powerful mechanisms through which workers learn [22,60,99]. According to this body of literature, embedding workers or trainees in a community of peers that value and prioritize safety will result in the workers or trainees themselves adopting the desirable safety behaviors [100,101]. Such a form of learning occurs because it is natural for humans to observe, interact, and emulate the behavior of their peers or the community they are embedded in [101,102]. For example, workers that are placed in crews or workplaces that maintain a positive safety climate have been shown to demonstrate superior safety skills as a result of social or collaborative learning mechanisms [100,101].





4. Discussions, Limitations, and Future Suggested Research


As presented in the above section, a variety of training program elements have been adopted to enhance the training experience of workers and the training outcomes experienced. The safety training elements along with the key benefits are summarized succinctly in Table 1. These safety training elements can be strategically adopted to design more impactful training programs that yield larger benefits. For example, industry leaders and employers can integrate particular training intervention elements discussed above to strengthen their current training programs. These stakeholders can also integrate a combination of the presented elements to achieve larger impacts and address the limitations associated with specific training elements. For example, the hierarchy of control safety training element discussed in the article could be communicated to workers using multimedia presentations that include relevant animation, videos, and photographs of relevant workplace safety controls. Such training efforts can empower workers with the necessary skills that are needed for their own safety and the safety of their peers. Such efforts can also translate into superior safety performance where fewer injuries, disabilities, days away from work, and medical case incidents are reported from construction workplaces. A unified approach where the industry adopts such safety training elements can address the much-needed improvement in safety that the industry has been seeking for decades.



Although the presented research only examines safety training intervention in the context of the construction industry, the findings are expected to be useful and relevant to other high-risk occupational settings, including mining, agriculture, and healthcare. In addition, the findings will be useful in other contexts where training is relevant, such as in education, medicine, and other professional and non-professional settings.



While the study findings offer important and useful information, there are few limitations that will need to be addressed in future research. For example, while the intervention elements that are presented are known to enhance the training outcomes, there is less clarity on the relative impacts of the individual elements due to a number of reasons. First, there is significant variability in the reported benefits that were observed when the same intervention elements were adopted across the different studies and settings whenever relevant. Second, a large number of studies did not control for external factors, such as the support offered by the employer, the safety culture maintained by the site leadership, and the characteristics of the workers themselves when assessing the relative benefits achieved. Third, several of the studies adopted multiple training elements that are discussed above, and isolating the effects of these individual training elements is not possible from the study results. Finally, while several studies demonstrated that the adoption of the training elements translated into many benefits, a comparison of the relative effects is challenging since the outcomes that were measured across the studies are very variable. For example, a few studies examined the effects of the intervention elements on safety behaviors. Others examined the effect of the training elements on hazard recognition skill, safety risk perception, the self-reported satisfaction of the trainees at the conclusion of the training, injury rates, and others.



Future studies may tackle some of the above-discussed limitations by adopting empirical investigations that can examine the questions that remain unanswered. The findings from such follow-up efforts can empower industry stakeholders with the ability to design more impactful training programs that translate into superior training outcomes and lower injury rates. Future research can also examine the literature outside the construction industry domain to identify and test intervention elements that have been successfully adopted in other contexts and industries. Moreover, efforts can also examine if particular training elements are more appropriate for specific training outcomes (e.g., risk tolerance). Finally, the effect of combining various training elements on training outcomes will also be useful in understanding interactions and the incremental improvements that can be achieved.




5. Conclusions


Unacceptable injury rates continue to be a major challenge in the construction industry [1]. One of the solutions that is proposed in a large body of research is the adoption of safety training programs to enhance the competency of workers in managing workplace safety [10,11,12,13,14,15,16]. Unfortunately, existing and widely adopted training interventions have not yielded sufficient improvements [17,18]. With the increasing cost of workplace injuries and the unacceptable distress experienced among workers following workplace incidents, efforts that focus on enhancing safety training programs that can yield tangible benefits are fundamental.



The current effort examined the broader construction safety literature to identify training program elements that have been known to enhance safety training outcomes. Overall, the effort unveiled 19 training elements. Examples of training elements include integrating visual cues, mental schemas, and energy-based mnemonics; training in virtual reality/augmented reality/immersive environments; multimedia presentations, including animations, videos, and photographs; and others. Industry stakeholders can integrate these training elements to design more impactful safety training experiences for their workers. Such efforts to improve the effectiveness of training program interventions can translate into superior safety performance.
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Figure 1. Schematic representation of visual cues, mental schemas, and energy-based mnemonics. 
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Figure 2. Schematic representation of the Hierarchy of Controls [53]. 
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Figure 3. Schematic representation of the focus-four hazards. 
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Table 1. Summary of safety training elements along with key benefits.
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Safety Training Elements

	
Key Benefits






	
Visual Cues, Mental Schemas, and Energy-Based Mnemonics

	
-Guides workers to systematically examine workplaces to enhance hazard recognition levels




	
Training in Virtual Reality/Augmented Reality/Immersive Environments

	
-Offers a safe environment for demonstrating high-risk workplace conditions that cannot be replicated in real workplaces




	
-Associated with high engagement levels and immersive experiences




	
Multimedia Presentations including Animations, Videos, and Photographs

	
-Developed resources can be reused in a cost-effective manner




	
-Is being integrated into online education and training modules that are widely distributed




	
-Useful in packaging essential safety information in an engaging manner




	
Testing and Feedback

	
-Evaluate current skill level and offers clarity on what good performance looks like




	
Leveraging Eye-Tracking Technology and Visual Attention Maps

	
-Highlights weaknesses associated with hazard recognition abilities




	
-Offers the capability of providing feedback and self-assessment




	
Metacognitive Prompts

	
-Guides trainees to self-assess weaknesses and adopt remedial efforts




	

	
-Simple schematic representation of safety control measures




	
Hierarchy of Controls

	
-Guides trainees to prioritize safety control measures based on relative effectiveness to minimize safety risks




	
Hands-on and Active Training Approaches

	
-Associated with superior engagement levels and training outcomes




	
On-the-job Training and Apprenticeship programs

	
-Offers suitable context and realistic environment for training activities




	
-Trainees are more likely to replicate learned concepts at the workplace




	
Integration of Training Transfer Elements

	
-Ensures that learned concepts from training are adopted in the workplace




	
Andragogy-based Training

	
-Better suited for adult workers and promotes collaborative learning




	
Naturalistic Injury Simulations and Physical Demonstrations

	
-Offers the capability of communicating safety information in a realistic and tangible manner




	
Serious Games and Gamification of Safety Training

	
-Promotes learning using an engaging experience




	
Personalized and Adaptive Training

	
-Tailors learning experiences in accordance to the training needs of trainees




	
-Eliminates repetitive and unnecessary training in areas trainees are already proficient




	
E-learning or Online-based Safety Training

	
-Offers the ability to train large number of trainees in a cost-effective manner




	
-Trainees may be able to access training material on an on-demand basis




	
Focus-Four Hazards Training

	
-Targets safety hazards that are responsible for a disproportionate number of fatalities effectively




	
Peer-led or Initiated Training

	
-Empower trainees to learn from each other in a friendly and safe setting




	
Practice-based training and Guided practice sessions

	
-Allows trainees to learn safety information using a trial and error approach




	
Social and Collaborative Learning Experiences

	
-Promotes mutual learning through observations, interaction, and emulation.
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