
Journal Pre-proof

Technologies for safety and health management in construction: Current use,
implementation benefits and limitations, and adoption barriers

Chukwuma Nnaji, Ali A. Karakhan

PII: S2352-7102(19)32856-6

DOI: https://doi.org/10.1016/j.jobe.2020.101212

Reference: JOBE 101212

To appear in: Journal of Building Engineering

Received Date: 15 December 2019

Revised Date: 19 January 2020

Accepted Date: 21 January 2020

Please cite this article as: C. Nnaji, A.A. Karakhan, Technologies for safety and health management
in construction: Current use, implementation benefits and limitations, and adoption barriers, Journal of
Building Engineering (2020), doi: https://doi.org/10.1016/j.jobe.2020.101212.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Published by Elsevier Ltd.

https://doi.org/10.1016/j.jobe.2020.101212
https://doi.org/10.1016/j.jobe.2020.101212


Author Statement 

Chukwuma Nnaji: Conceptualization, Methodology, Formal Analysis, Writing – Original draft 
preparation 

Ali Karakhan: Conceptualization, Literature Review, Writing- Reviewing and Editing 



 

1 

Technologies for Safety and Health Management in Construction: Current Use, Implementation 1 

Benefits and Limitations, and Adoption Barriers  2 

Chukwuma Nnaji 1 and Ali A. Karakhan2 3 

Abstract  4 

The adoption and implementation of innovative solutions is an effective means to improve 5 

construction safety performance. The use of technology as a preventive tool for stemming the 6 

observed disproportionate rate of worker injuries and fatalities in the construction industry as 7 

compared with other industrial sectors has gained substantial attention over the last two decades. 8 

Previous studies have highlighted the need to advance the state of knowledge regarding the usefulness 9 

and utility of technologies for safety and health management in construction as well as factors that 10 

limit and prevent technology use in the construction industry. This paper aims to fill this gap in 11 

knowledge and practice by (1) identifying technologies used for safety and health management in the 12 

construction industry and assessing the current rate of use within the construction industry; (2) 13 

highlighting the benefits and limitations of using technologies for safety and health management, and 14 

(3) identifying the critical barriers to adopting technologies for safety and health management and 15 

propose strategies to overcome such barriers.  To achieve the research aims, a survey was conducted 16 

to collect relevant data on the topic. 102 construction practitioners with pertinent knowledge of 17 

technology as it is used within their organization responded to the survey. Results of the study suggest 18 

that although slight increase in technology for safety and health management in construction adoption 19 

and use transpired due to technology ability to improve safety conditions, a notable resistance 20 

regarding its continuous use remains an issue across the industry. The study findings provide 21 

invaluable information for industry practitioners and researchers regarding limitations of technology 22 

implementation and barriers of technology adoption as well as strategies to overcome such limitations 23 

and barriers. Overcoming technology implementation limitations and adoption barriers is expected to 24 

enhance the adoption of technology for safety management in the construction industry. 25 
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1.0 Introduction  28 

The construction industry is a major contributor to the global economy – contributing approximately 29 

$10 trillion to the global Gross Domestic Product (GDP) (McKinsey Global Institute 2017). In 2015 30 

and 2016, the construction industry contributed approximately 6.2% of the US GDP with more than 31 

$650 billion, while this contribution continues to grow (ABC, 2019). Thus, the construction 32 

workforce is highly important globally, and to the US economy. The welfare of the construction 33 

workforce could lead to improved productivity and work quality, thereby producing high-performance 34 

buildings and/or civil works. Producing high-performance buildings and/or civil works maximizes the 35 

experience of all citizens and boosts the national economy. By contrast, any negative challenge faced 36 

by the construction workforce affect their productivity, the quality of their work, and could eventually 37 

lead to undesired outcomes on the economy and the experience of the public. Accordingly, the 38 

welfare of the construction workforce should be maximized. However, such workforce faces unique 39 

challenges that negatively influence their welfare, particularly their physical safety. The construction 40 

industry loses hundreds of its workers annually due to workplace injuries and fatalities. In 2017, over 41 

970 construction work-related fatalities were reported in the US construction industry (BLS, 2018). 42 

This high number yields a fatality rate of approximately 10 workers killed annually per 100,000 full-43 

time employees in construction. According to the International Labor Organization (ILO), 44 

construction workers in developed countries across the globe are 3 to 4 times more likely to have a 45 

fatal accident at work than other industries. This number increases to 6 times more likely in 46 

developing countries (ILO, 2014).  47 

To minimize the high number of workplace injuries and fatalities, numerous practices that 48 

range from behavioral to engineering safety approaches have been implemented in the construction 49 

industry over the last few decades. Behavioral approaches (Langford et al., 2000; Gambatese et al., 50 

2016; Azeez et al., 2019) emphasize the idea of improving worker awareness regarding the hazards 51 

and the use of the maximum number of safety precautions in the workplace. Engineering controls 52 

(Rozenfeld et al., 2010) include adopting safety best practices (e.g., guard and safety rail systems) to 53 
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prevent worker exposure to hazards. However, safety performance in the construction industry 54 

remains poor.  55 

Researchers continuously search for alternative strategies and practices that could 56 

significantly improve safety performance in the construction industry. An examination of the most 57 

recent publications on construction safety (Awolusi et al., 2018; Li et al., 2018; Howard et al., 2018; 58 

Jebelli et al., 2019; Ahn et al., 2019) reveal a clear trend on the utilization of technology for safety 59 

management. Zhou et al. (2013) stated that publication on the utilization of technology for safety 60 

management has increased by approximately three times from the early 2000s to the early 2010s. This 61 

rate has been sustained through the last decade (2010 – 2019) as well (Nnaji et al. 2019a; Mihic et al. 62 

2019). Research on utilizing technology for safety and health management has increased because of 63 

technologies can create multiple safety benefits by recognizing workplace hazards that are not 64 

typically feasible for workers and eliminating workplace hazards early in the project lifecycle. In 65 

general, this study aims to draw upon current research efforts on this topic and maximize the 66 

applications of technology for occupational safety and health (OSH) management in the construction 67 

industry. In line with previous research (Nnaji et al., 2019b), a technology for safety and health 68 

management refers to information technology, digitalization, and sensing devices used to monitor and 69 

improve safety and health management and/or safety performance in the construction industry. These 70 

technologies can be applied as a primary or secondary function to either protect workers from hazards 71 

(i.e., control or eliminate hazards) or help identify/recognize workforce hazards (i.e., utilizing virtual 72 

reality for hazard identification and recognition). For instance, technologies such as wearable sensing 73 

devices and exoskeletons are primarily used to enhance OSH management but can also improve 74 

worker productivity (Awolusi et al. 2018; Kim et al., 2019). Similarly, the primary function of 75 

Building Information Modeling (BIM) is to enhance productivity through effective information 76 

sharing and communication, but BIM can also be can also be utilized to improve worker safety and 77 

health management (Martinez-Aires et al., 2018).   78 

2.0 Background  79 

2.1 Occupational Safety and Health Management in Construction  80 
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Managing OSH in construction is a critical factor of the success of any construction project. Safety 81 

and health incidents negatively impact schedule, quality, and cost of the project as well as employee 82 

morale, company reputation, insurance premiums, and so forth (Asanka and Ranasinghe 2015; Tang 83 

et al. 2004; Leung et al. 2015). Such negative outcomes could not only impact construction workers 84 

and their organization but could also affect the surrounding community or entire society in a 85 

destructive manner (Asanka and Ranasinghe 2015). The hierarchy of controls is typically used in 86 

construction for OSH management. The hierarchy of controls is a system comprising different levels 87 

of control to mitigate workplace hazards and manage OSH (Manuele 2005; Popov et al. 2016).  88 

To be specific, the hierarchy of controls comprises of five levels [elimination, substitution, 89 

engineering, administration, and personal protective equipment (PPE)] ranging from the most 90 

effective to the least effective in terms of mitigating workplace hazards. Eliminating and substituting 91 

the hazards e.g., substituting hazardous emitting materials with zero emitting materials) are 92 

considered most effective because they physically remove all or part of the hazards (Manuele 2008; 93 

CDC 2020). Engineering controls (e.g., machine guarding, guardrails, barricades, and fall arrest 94 

systems) are considered the second most effective according to the hierarchy of controls (Manuele 95 

2008; CDC 2020); they isolate workers from the physical hazards but do not eliminate or reduce the 96 

physical hazards. Finally, administrative controls (e.g., safety signage and training) and PPE (safety 97 

footwear and eyewear) are considered least effective in terms of mitigating workplace hazards 98 

(Manuele 2008; CDC 2020). Administrative controls improve worker awareness of the hazards but do 99 

not reduce the physical hazards, and PPE is used to minimize the impact of the hazards in case of an 100 

incident without mitigating the physical hazards itself (Manuele 2008; Popov et al. 2016). The next 101 

section will discuss how different construction technologies could be used for safety management in 102 

construction. These technologies can provide different types of hazard control, ranging from 103 

elimination to administrative, depending on type and functionality of the technology used.          104 

2.2 Application of Technology for Safety and Health Management in Construction  105 

The application of technology in the construction industry has been receiving great attention in the 106 

last few decades. Most of the technologies were initially adopted and used to either improve the 107 

quality of the final product or efficiency of the construction process, both of which eventually lead to 108 
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reduced costs and improved profits. These days, it is apparent that more and more construction 109 

technologies are currently being used for safety and health management (Zhou et al. 2013; Awolusi et 110 

al., 2018; Li et al., 2018; Hasanzadeh et al., 2018; Howard et al., 2018; Jebelli et al., 2019; Ahn et al., 111 

2019; Nnaji et al., 2019b). These technologies can be used in different construction applications to 112 

mitigate workplace hazards.  113 

As mentioned, several technologies could be used to help train workers to recognize 114 

workplace hazards by providing cases similar to real-life scenarios. In particular, mixed-reality 115 

simulation is used in practice to train construction workers and equipment operators on identifying 116 

and mitigating workplace hazards associated with construction tasks and machine operation (Cheng et 117 

al., 2019). To provide an example, one could consider the work of Li et al. (2012). Li et al. developed 118 

a multiuser-friendly virtual environment training tool that construction employers could utilize to train 119 

their workers regarding safe procedures for tower crane erection and dismantling. The developed tool 120 

provides a step-by-step procedure to perform erection and dismantling of a tower crane in a safe 121 

manner. All of the training is enabled through a virtual reality environment which exposes trainees to 122 

minimal- to zero-risk when learning about erection and dismantling procedure of tower cranes. Such a 123 

tool is an effective administrative control to help construction workers understand safety risks 124 

inhibited in tower crane erection and dismantling processes.  125 

Importantly, utilizing technology for safety management could provide more effective 126 

controls (e.g., engineering controls) than simply training workers on how to identify hazards (i.e., 127 

administrative controls). Qi. (2013) and Ziyu et al. (2019) developed safety tools to identify and 128 

address potential construction hazards early in the project lifecycle, that is, during the design phase. 129 

Similarly, Zhang et al. (2013) developed a safety-rule checking platform that examines the building 130 

systems and automatically identify any potential workplace hazards. Once the hazard is identified and 131 

categorized, prevention measures are generated by the platform to eliminate the hazards from the 132 

design or mitigate the hazards during construction operations. The tool and platform described above 133 

utilize BIM to design for construction worker safety before beginning construction. Designing for 134 

construction worker safety ensures that a significant portion of the physical hazards is removed from 135 
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the construction process which is the most effective method of hazard mitigation according to the 136 

hierarchy of controls.  137 

Another technology emerging in the construction industry is wearable safety devices (WSDs); 138 

WSDs are receiving substantial attention within both industry and academia. WSDs are small 139 

wearables that workers can attach to their body, outfits, or accessories to monitor their health and/or 140 

improve their safety. These devices are highly effective, easy-to-use, and inexpensive safety tools 141 

(Awolusi et al. 2018; Nnaji et al. 2019b). To be specific, WSDs are used in construction to prevent 142 

musculoskeletal disorders of field personnel, prevent work falls, assess physical workload and fatigue 143 

level of field workers, evaluate hazard recognition abilities of both workers and managers, and 144 

monitor worker mental status (Hasanzadeh et al., 2018; Ahn et al. 2019). Various other technology 145 

applications for safety management exist but, for brevity, they are not described in the present study. 146 

Readers interested in more information on technologies used in practice for safety and health 147 

management are advised to review relevant articles in the reference list (Hasanzadeh et al., 2018; Li et 148 

al., 2018; Jebelli et al., 2019; Gheisari and Esmaeili 2019; Cheng et al. 2019; Ahn et al., 2019).  149 

3.0 Research Goal and Objectives       150 

As previously stated, this study aims to build on current research efforts regarding the intersection 151 

between technologies used in construction management and safety, and maximize the applications of 152 

technology for OSH management. Such maximization is not possible without understanding the 153 

benefits and limitations as well as the barriers of adopting technology for OSH management. 154 

Although several studies interchange limitations and barriers to represent factors that deter the use of 155 

a technology in the construction industry, these terms are not constantly synonymous. Barriers are 156 

factors that prevent organizations or individuals from adopting a technology (Stewart et al., 2004). 157 

Barriers are typically pre-adoption factors. Conversely, limitations are factors that limits the extended 158 

implementation of a technology - typically observed at the post-adoption phase of technology 159 

integration. These definitions are certainly not synonymous. To ensure the distinction between 160 

barriers and limitations, this study defines “barriers” as the factors that prevent the adoption and use 161 

of a safety and health technology, and “limitations” are factors that limit the use of technology already 162 

adopted. The factors that prevent people from adopting technologies used for safety and health 163 
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management and those that limit its continuous use and utilization post-adoption should be identified 164 

for the successful implementation of technologies on a construction project for safety and health 165 

management.  166 

To achieve the research goal presented above, the three primary objectives are set as follows:  167 

1) identify available technologies for OSH management,  168 

2) identify and rank the benefits and limitations of technologies for OSH management, and  169 

3) identify and quantify barriers to adopting technologies for OSH management and propose 170 

solutions to overcome such barriers. 171 

4.0 Research Methodology   172 

To address the three objectives of this study, a multi-method research approach was adopted. The 173 

approach consists of a structured review and content analysis of the available literature on the topic 174 

and a survey of industry professionals. Both approaches used are described in detail below.  175 

4.1 Literature Search Parameters  176 

First, an integrative review of existing literature was conducted to identify the technologies currently 177 

used in the industry to improve worker safety and health, their applications, benefits, and limitations. 178 

An integrative review of literature is a comprehensive methodological approach of reviews that 179 

combines data from empirical and theoretical literature to develop a conceptual model, review 180 

evidence-based findings, and analyze concerns associated with a particular topic (Souza et al., 2010; 181 

Torraco, 2005). This review process has been adopted by previous construction-related studies to 182 

identify important factors that affect decision making when selecting construction contractors based 183 

on safety performance (Karakhan et al., 2018). Moreover, the review process has been implemented 184 

extensively as a tool for identifying barriers and benefits associated with using safety and health 185 

technologies in health-related fields (Bhattarai and Phillips 2017; Al-Ghareeb and Copper 2016). The 186 

review process in this study was adopted from Souza et al. (2010) and involves six phases, namely, 187 

(1) preparing the guiding questions, (2) sampling the literature (3) collecting data, (4) analyzing 188 

included studies, (5) discussing result, and (6) presenting integrative review. For brevity, the 189 

description of each phase is excluded in this manuscript but could be found in Souza et al. (2010).  190 
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Four primary questions guided the review process, namely, “What technologies are used for 191 

OSH management in the construction industry?” “What are the benefits of using these technologies in 192 

OSH management?” “What are the limitations associated with using these technologies in managing 193 

worker safety and health on a construction project?” and “What are the barriers that prevent 194 

companies from adopting these technologies for OSH management?” Subsequently, multiple 195 

databases, including Google Scholar and Scopus, and specific publishers such as American Society of 196 

Civil Engineers (ASCE), Taylor and Francis, Emerald, and Elsevier were utilized to search for and 197 

identify useful publications by using keywords associated with the guiding questions (e.g., “construction 198 

management”, “construction safety devices,” “safety innovations,” and “construction technologies”, and 199 

“worker safety and health”). For instance, when searching Scopus, the following search code was 200 

utilized:  201 

(TITLE-ABS-KEY ("Construction Management" OR “Construction” OR "Civil Engineering” 202 

OR "Built Environment") AND TITLE-ABS-KEY ("Worker Safety" OR " Worker Health" OR "OSH" 203 

OR "Occupational Safety and Health" OR "OSH") AND TITLE-ABS-KEY (“Technology” OR 204 

"Innovation" OR "Device")) PUBYEAR > 2000 AND PUBYEAR < 2019. 205 

Afterward, the identified publications were screened by focusing mostly on the title, abstract, 206 

and conclusions, as well as the figures and tables. If a publication was deemed relevant (that is, it 207 

contained a discussion on the application of safety/health technologies on a construction project), a 208 

further detailed examination of the content was performed to identify potential benefits, limitations, and 209 

barriers of adopting and using safety and health technologies. Publications with limited information on 210 

the use of safety and health technology or application of the technology for a different purpose other 211 

than OSH management were disregarded. Section 6.1 summarizes the technologies identified through 212 

this process. Moreover, Sections 6.2 and 6.3 discuss the identified limitations, benefits, and barriers.    213 

4.2 Survey Development  214 

After identifying safety and health technologies, a survey questionnaire was developed to investigate 215 

whether these technologies are currently used by contractors in practice. The survey also included 216 

questions to collect information regarding factors that affect the adoption and use of technologies for 217 

safety and health management in construction. The survey consisted of three primary parts.  218 
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In Part 1, the participants were asked to provide demographic information about their 219 

occupation, years of experience, company size, and the construction segment they are involved in. 220 

Part 2 provided a list of technologies identified through an integrative literature review. The 221 

participants were requested to indicate if their organizations have used, will use, or have no intention 222 

to use the reported technologies in OSH management. In Part 3 of the survey, particular attention was 223 

given to questions that can address the second and third objectives of this study.  224 

To address Objective #2, the survey included specific questions pertaining to the benefits and 225 

limitations of implementing available safety and health technologies. These questions help identify 226 

the benefits and limitations of implementing technologies with respect to safety and health 227 

management and ranks them according to the reported frequency (i.e., count). Similarly, the survey 228 

included questions to identify barriers against the adoption of technologies, particularly with respect 229 

to safety and health management (Objective #3). In this case, the questions were formed using a five-230 

point Likert scale (where 1 represents “Not Important” and 5 means “Very Important”) to ensure that 231 

the level of importance of each barrier can be determined. Determining such importance level can 232 

help construction organizations decide on priorities regarding the barriers that must be overcome and 233 

those that could be left for the future. Count data is beneficial for determining the frequency of several 234 

variables (Azeez et al., 2019), and the Likert-scale data provides information on the level of 235 

importance of certain variables (Delgado et al., 2019). 236 

Prior to the distribution, four knowledgeable professionals vetted the survey questionnaire to 237 

verify content and face validity. The experts have an average of 12 years of experience in the 238 

construction industry and/or research. They provided feedback about the type of questions used and 239 

the wording of several questions. Their feedback was used to revise the survey content before sending 240 

it to the participants. This pilot testing ensured that any bias was minimized and that the survey 241 

content is consistent with industry technical terms.    242 

4.3 Survey Dissemination 243 

From a statistical standpoint and according to probability sampling, the sample size should be 244 

determined before survey distribution. Determining the correct sample size for a study ensures that the 245 

selected samples would provide information that could be generalized to the large population or at 246 



 

10 

least provide an indication about a large population. For this study, the sample size was determined 247 

using Equation #1 as reported by Lohr (2008). 248 

������	�	
� =
�	∗	�	∗	�����

�
	 ,                                                                                                Eq. 1 249 

where, z = z-score corresponding to the confidence level; ρ(1 − ρ) = response variance; and c = 250 

confidence interval or margin of error. The z-score for this study is 1.96, which represents 95% 251 

confidence level. A 50% response variance and a 90% confidence level were selected in line with 252 

previous construction safety studies (Tymvios and Gambatese 2016; Azeez et al. 2019).  253 

Incorporating all of these values in Equation #1 revealed that the sample size should be no 254 

less than 97 for the sample to be representative of the large population. Accordingly, the researchers 255 

targeted a sample size involving at least 100 participants. To guarantee that selection bias is 256 

minimized, the researchers hired a third-party (Qualtrics Panel) to select the sample size and 257 

administer the survey. Qualtrics Panel is a professional organization that develops and disseminates 258 

surveys. Qualtrics Panel identified a participation pool that included construction managers, project 259 

managers, and safety personnel who work for general contractors and subcontractors in different 260 

states across the United States. The participation was limited to these occupations (management) to 261 

enhance the quality of the information gathered. Furthermore, only individuals informed about safety 262 

and health technology used in their organization were allowed to participate in the survey. This 263 

criterion may have presented a selection bias by only allowing individuals familiar with technology to 264 

participate in the study. These participants were gathered from diverse construction segments, 265 

including industrial, heavy civil, commercial, residential, and marine sectors. Participation in the 266 

survey was voluntary. Qualtrics Panel distributed over 4,000 surveys to potential participants, and 157 267 

participants responded to the survey as described in the next section.  268 

5.0 Survey Participants and Demographics  269 

A total of 157 participants across the United States responded to the survey. The researchers screened 270 

the responses to ensure that only high-quality responses were included in the study. First, the 271 

researchers removed all responses from participants with less than five years of construction 272 

experience. Next, the researchers verified that only workers who are knowledgeable of when their 273 

organization implemented technologies for OSH management and those with job titles that infer 274 
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management involvement were included. Finally, the researchers eliminated responses that showed 275 

signs of straight-lining and responses completed under one-third of the average response time.  276 

Following the quality checks, 102 responses were considered acceptable. These checks 277 

improved the reliability and validity of the study by removing irrelevant responses or responses from 278 

people with little experience on the topic. The participants were predominantly from general 279 

contracting organizations (90.20%). In terms of company size (by revenue), 33% of the participants 280 

are from small enterprises (less than 10 USD million in revenue), 59% are from mid-sized companies 281 

(11 USD million to 1 USD billion), and 8% are from large organizations. California, Florida, and 282 

New York contributed 63% of the responses received. However, all regions in the United States 283 

(Midwest, Northeast, South, and West) were represented. Table 1 summarizes the demographic 284 

information of the participants.  285 

Prior to asking the participants about their opinion on the benefits and limitations of 286 

implementing the identified technologies, the participants were requested to indicate if they were 287 

familiar with the technologies used as part of the safety and health management process of their 288 

organizations. All respondents have been exposed to these technologies in some capacity, but 289 

approximately 86% of the respondents indicated that they currently use BIM and WSDs as part of 290 

their safety management process. Fifty-nine participants revealed that their organizations use several 291 

automation and robotics to improve worker safety. Given their level of familiarity with the 292 

technologies, the participants’ responses appear to be backed by first-hand experiences using these 293 

technologies, thereby enhancing the quality of their contributions. 294 

Table 1: Demographic information  295 

 Demography  % response n 

Organization Type General Contractor 90.20 92 

Sub-Contractor 3.92 4 

Consultants (designers and management) 5.88 6 

Total 100 102 

Job Title Construction Manager 60.78 62 

Project Manager 39.22 40 

Total 100 102 

Experience (years) 5 - 10 years 58.82 60 

10 - 20 years 31.37 32 

More than 20 years 9.81 10 
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Total 100 102 

6.0 Survey Results and Analysis     296 

This section summarizes the key results obtained from the survey questionnaire. Three subsections are 297 

included to correspond to the three research objectives stated above.  298 

6.1 Identification of Technologies for OSH Management in Construction (Objective #1) 299 

This study identified several technologies that could improve worker safety and health as a primary or 300 

secondary function. Safety and health technologies identified in the extant literature include:  BIM 301 

(Tang et al., 2019), Mobile Devices Onsite (Martínez-Rojas et al., 2016), Unmanned Aerial Vehicles 302 

(Gheisari and Esmaeili, 2019), Laser Scanning and LiDAR (Karakhan and Alsaffar, 2019), WSDs 303 

(Awolusi et al. 2018), Photogrammetry (Tang et al., 2019), Exoskeletons/Exosuits (Kim et al., 2019), 304 

Artificial Intelligence (Chakkravarthy, 2019), Quick Response Codes (Tang et al., 2019), Radio 305 

Frequency Identification (Martínez-Rojas et al., 2016), Augmented Reality (AR) (Kim et al., 2017), 306 

Virtual Reality (VR) (Sacks et al., 2013), Camera Network Systems (Zhang et al., 2019), Digital 307 

Signage (Karakhan et al., 2018), and Robot and Automation (Tang et al., 2019). A complete list of 308 

the safety and health technologies identified through the integrative literature review process can be 309 

found in the supplementary material.  310 

The study participants were asked to indicate if they are currently using, have plans to use, or 311 

have no intention to use each technology. Table 2 summarizes the responses to these questions. The 312 

top three technologies used by construction contractor-participants (in terms of the number of 313 

contractors currently using the technology) for OSH management are BIM (count = 88, rate = 0.86), 314 

WSDs (count = 88, rate = 0.86), and Mobile Devices (count = 86, rate = 0.84). The technologies least 315 

used by the participants and their companies for safety management are AR (count = 67, rate = 0.66), 316 

VR (count = 65, rate = 0.64), and Robot and Automation (count = 59, rate = 0.58).   317 

  318 
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Table 2: Technologies used for OSH management (n = 102) 319 

Technology Abbrv. Currently using Will use in 
future 

No intention to 
use 

Count Rate Count Rate Count Rate 

Building Information Modelling  BIM 88 0.86 4 0.04 10 0.10 

Wearable Sensing Devices  WSDs 88 0.86 8 0.08 6 0.06 

Mobile Devices Onsite  MDO 86 0.84 7 0.07 9 0.09 

Radio Frequency Identification  RFID 81 0.79 11 0.11 10 0.10 

Laser Scanning and LiDAR LSL 76 0.75 13 0.13 13 0.13 

Quick Response Codes QR 76 0.75 13 0.13 13 0.13 

Camera Network Systems  CNS 76 0.75 16 0.16 10 0.10 

Digital Signage  DS 75 0.74 14 0.14 13 0.13 

Photogrammetry PG 74 0.73 11 0.11 17 0.17 

Exoskeletons/Exosuits EXO 71 0.70 10 0.10 21 0.21 

Artificial Intelligence  AI 68 0.67 17 0.17 17 0.17 

Unmanned Aerial Vehicles  UAVs 67 0.66 15 0.15 20 0.20 

Augmented Reality  AR 67 0.66 19 0.19 16 0.16 

Virtual Reality  VR 65 0.64 19 0.19 18 0.18 

Robot and Automation  RA 59 0.58 24 0.24 19 0.19 

 6.2 Identification and Ranking of Benefits and Limitations of Construction Technologies Used 320 

for OSH Management (Objective #2)  321 

The researchers identified a list of potential benefits and limitations associated with using these 322 

technologies from multiple studies on the application of technology in the construction safety and 323 

health management (Karakhan et al., 2018; Tang et al., 2019; Karakhan and Alsaffar 2019; Awolusi et 324 

al., 2018; Hallowell et al., 2016; Li et al., 2018; Lin et al., 2011; Wang et al., 2018; Zhang et al., 2019; 325 

SmartMarket 2017: Navigant 2016). Tables 3 and 4 list the benefits and limitations, respectively. In 326 

these tables, NoO and RoO refer to “Number of Occurrences” and “Rate of Occurrences,” 327 

respectively. NoO represents the number of participants who agreed that a given benefit or limitation 328 

is associated with a technology. RoO is the ratio of the NoO divided by the total number of 329 
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participants revealing the fraction of responses who agree that a given benefit or limitation is 330 

associated with using a technology.  331 

According to the responses received from the participants, improving worker awareness of a 332 

hazard had the highest frequency. Among the participants, 81%, which is a figure that is nearly 30% 333 

higher than the second ranked benefit, indicated that using these technologies improve worker 334 

awareness of hazards associated with on-site construction operations. This finding is consistent with 335 

those of previous studies that showed a notable increase in workers’ abilities to identify and recognize 336 

hazards when using VR (Sacks et al. 2013), BIM (Karakhan and Alsaffar 2019), and AR (Kim et al. 337 

2017). Only four benefits reached a RoO above 50%. These benefits are “improves worker awareness 338 

of hazards” (NoO = 83, RoO = 0.81), “help warn workers of workplace hazard” (NoO = 55, RoO = 339 

0.54), “eliminate hazards during the design phase” (NoO = 55, RoO = 0.54), and “helps visualize 340 

hazards” (NoO = 55, RoO = 0.54). Although some technologies have been credited with enhancing 341 

near-miss reporting (Shen and Marks, 2015), only 25% of the respondents believe this assertion as 342 

true.   343 

Table 3: Benefits of using technologies for OSH management (n = 102)  344 

Benefits of safety and health technology NoO RoO 

Improves workers awareness of hazard 83 0.81 

Help warn workers of workplace hazard 55 0.54 

Eliminate hazard during the design phase 55 0.54 

Help visualize hazard 55 0.54 

Improves effectiveness of safety training 40 0.39 

Enhances accident investigation 39 0.38 

Enhances injury reporting 36 0.35 

Isolate workers from hazard 35 0.34 

Enhances safety planning 35 0.34 

Enhances communication between workers 33 0.32 

Improves safety inspections 31 0.30 

Enhances near miss reporting 26 0.25 

Where NoO = Number of Occurence and RoO = Rate of Occurrence  345 
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The participants were also asked to rate the limitations of using technology in safety and 346 

health management. Table 4 summarizes the collected responses regarding the limitations of using 347 

technologies for OSH management in construction. None of the identified limiting factors received a 348 

RoO greater than 50%. Evidently, the highest ranked RoO was the extra cost associated with using a 349 

technology (NoO = 47, RoO = 0.46), followed closely by application inconsistency due to client 350 

demand (NoO = 44; RoO = 0.43). Most identified limitations (approximately 70%) were selected by 351 

at least 25% of participants, thereby revealing that they significantly affect technology 352 

implementation. The limitations with the lowest RoO are related to lack of decision support tools to 353 

help with the integration of these technologies (NoO = =13, RoO = 0.13) and the ability of a 354 

technology to create a liability concern for the contractor (NoO = 13, RoO = 0.13).   355 

Table 4: Limitations of using technologies for OSH management (n = 102) 356 

Limitations NoO RoO 

Extra costs associated with technology  47 0.46 

Decision to use varies with client  44 0.43 

Required workers training may not be cost effective 32 0.31 

Data security is not guaranteed 27 0.26 

No central system for managing data captured  26 0.25 

Workers may ignore prompts from devices  23 0.23 

Aging workforce is resistant to change 23 0.23 

Privacy of workers personal data is not guaranteed 19 0.19 

Little or no known standards for operation 16 0.16 

Little or no government regulations for use 16 0.16 

It does not help in error prevention 16 0.16 

Slim profit margins in the industry 15 0.15 

Lack of decision support tools  13 0.13 

Creates liability concerns 13 0.13 

Where NoO = Number of Occurence and RoO = Rate of Occurrence  357 

6.3 Identification and Quantification of Barriers for Adopting Technologies OSH Management 358 

(Objective #3) 359 
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Thirteen key barriers to the adoption of technologies for OSH management were identified from the 360 

literature review described in Section 4.1. Survey participants indicated that extensive upfront cost is 361 

the foremost barrier to the adoption of technology for safety and health management in the 362 

construction industry (mean = 4, SD = 1.09). “Limited opportunity(ies) to observe and try these 363 

technologies before adoption” had the lowest mean value (mean = 3.53, SD = 1.25). However, all 364 

identified barriers had a mean rating above 3.5. Therefore, all factors reported could have a significant 365 

effect on the decision whether to adopt a certain technology for OSH management (Nitithamyong and 366 

Skibniewski, 2007). To determine the relative importance of each barrier, the researchers adopted a 367 

mean normalization process from previous research (Ameyaw and Chan 2015; Adabre and Chan, 368 

2019). Normalization generally involves assessing the importance of each factor relative to other 369 

factors being evaluated as shown in Eq. 2 below.  370 

Mean Normalized Value (MNV) = (Actual Value – Min. Value) / (Max. Value – Min. Value). Eq. 2  371 

Following thresholds from previous research (Adabre and Chan, 2019), factors with mean 372 

normalized values (MNV) equal to or above 0.5 are considered critical barriers. The authors followed 373 

past investigations by using standard deviation (SD) as a measure of the variation within responses to 374 

determine the consensus of the responses. Rogers and Lopez (2002) stated that a consensus is 375 

considered reached if the SD is below 1.64, as explained by the probability theory in statistics. 376 

Accordingly, any factor that has a MNV equals to or greater than 0.5 and a SD equals to or less than 377 

1.64 is considered a critical barrier to the adoption of technologies for OSH management. Table 5 378 

shows the results of the survey. Consensus was reached for all factors, and the only factors that 379 

reported MNV of less than 0.5, namely, “Organization prefers using existing processes to manage 380 

safety,” “Lack of information on the effectiveness of safety and health technology,” and “Limited 381 

opportunity(ies) to observe and try these technologies before adoption” are considered less significant 382 

barriers to the adoption of safety and health technology in the construction industry. Therefore, 10 383 

critical barriers prevent the adoption of safety and health technology in construction (Table 5).   384 

 385 

 386 
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Table 5: Barriers to adopting technologies for OSH management (n = 96) 390 

Barriers Mean SD MNV Rank 

Extensive upfront investment required  4.00 1.09 1.00 1 

Need for extensive training before achieving optimum 
performance 

3.98 1.10 0.96 2 

Concerns regarding the technical support availability  3.87 1.08 0.72 3 

Doubts regarding the reliability of these technologies 3.86 1.29 0.70 4 

Client rarely demands for their use 3.86 1.15 0.70 4 

Difficulty associated with interoperability 3.83 1.12 0.64 6 

Limited technology useful life 3.82 1.15 0.62 7 

Need for extensive technical support to achieve optimum 
performance 

3.82 1.08 0.62 7 

Limited attributes and features 3.8 1.09 0.57 9 

The technologies tend to be complex to use 3.78 1.19 0.53 10 

Organization prefers using existing processes to manage safety 3.74 1.13 0.45 11 

Lack of information on the effectiveness of safety and health 
technology 

3.71 1.18 0.38 12 

Limited opportunity(ies) to observe and try safety and health 
technologies  

3.53 1.25 0.00 13 

 391 

7.0 Discussion of Results 392 

Previous studies have highlighted the relatively low level of technology adoption in the construction 393 

industry (CII, 2008). In fact, the construction industry is ranked as the second least digitized industry 394 

in the US (Agarwal et al., 2016). However, to improve project performance, there is an increasing 395 

impetus to integrate new technologies into construction operations (Loosemore, 2014). As 396 

technologies become more effective, pervasive and ubiquitous, stakeholders within the construction 397 

industry should embrace the use of technologies as a tool for enhancing project performance. 398 

Moreover, given the increasing need to move toward sustainable construction practices, the clamor for 399 

a safe work environment through enhanced integration of technology in OSH management is expected 400 
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to increase. To facilitate this integration, the benefits and limitations of technologies used for OSH 401 

management, as well as the barriers for adopting these technologies for OSH management, should be 402 

understood. Thus, this study identifies and examines the benefits, limitations, and barriers associated 403 

with the use of technologies for OSH management. By providing construction stakeholders with a list 404 

of technologies used for OSH management across the industry and identifying and ranking benefits, 405 

limitations and barriers, construction companies can deepen understanding and further utilize proper 406 

technologies for OSH management. This understanding would eventually encourage increased 407 

adoption and usage of technologies on construction jobsites, especially among smaller contractors 408 

who are known to be more resistant to change, thereby improving safety performance throughout the 409 

industry.  410 

7.1 Current Status of Construction Technologies Used for OSH Management 411 

Results indicated that the construction industry, especially relatively large general contractors, is 412 

advancing with respect to the use of technologies for OSH management. Based on the survey 413 

responses, BIM, WSDs, and MDOs were used in 2018 by more than 80% of the companies surveyed. 414 

Interestingly, these companies are using the aforementioned technologies for OSH management and 415 

for other purposes. This outcome represents significant progress given that previous statistics 416 

indicated low percentages (SmartMarket Report, 2017). However, this deviation is likely due to the 417 

sample used in the present study. By focusing on participants with experience in the adoption and use 418 

of technologies for OSH management, the sample could be skewed towards more progressive 419 

construction organizations.   420 

The use of these technologies exhibits numerous benefits for safety and management (Zhang 421 

et al., 2015; Wang, 2017; Cheng and Teizer, 2013; Awolusi et al. 2018). For example, BIM can be 422 

used to design for safety early in the project lifecycle by eliminating hazards from the design and 423 

improving design feature and constructability (Hayne et al., 2014; Zhang et al., 2015; Sebastian and 424 

van Berlo, 2010). Moreover, BIM can be applied in safety planning (Sulankivi et al., 2010), thereby 425 

enhancing safety communication (Ganah and John, 2015), and safety inspection (Zhang et al., 2013). 426 

Additional benefits attributed to utilizing these technologies is discussed in the next section.  427 
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Notably, the same survey revealed that Artificial Intelligence, Unmanned Aerial Vehicles, 428 

AR, VR, and Robot and Automation were used by less than 70% of the companies surveyed. Thus, 429 

approximately over half of the companies that do not use such technologies stated that they will start 430 

using them in the upcoming three years. Multiple studies have shown the potential of these 431 

technologies to generate radical improvements in safety performance in construction (Awolusi et al., 432 

2018; Gheisari and Esmaeili 2019; Chakkravarthy, 2019; Kim et al., 2017; Sacks et al., 2013; Tang et 433 

al., 2019). Individuals who stated that their companies lack intention to use these technologies in the 434 

near future were mostly from small- and medium-sized companies that have specific scopes and 435 

limited budget for this type of investment. 436 

7.2 Benefits and Limitations of Technologies Used for OSH Management 437 

The survey responses indicate several benefits of using technologies for OSH management in the 438 

construction industry. However, not all survey participants have observed evidence of these benefits 439 

in practice. Therefore, several benefits were reported more frequently than others (Table 3). In 440 

particular, improving worker awareness of hazards, warning workers from potential hazards, 441 

eliminating hazards during design, and visualizing hazards were the top four benefits reported by 442 

more than 50% of the study participants. Notably, improving worker awareness of hazards was 443 

reported by over 80% of the respondents. This high percentage is likely driven by two factors. First, 444 

most technologies are used after the design is completed and during construction operations. Utilizing 445 

technology for safety after beginning construction means that, in most cases, only opportunities to 446 

identify and control workplace hazards are present as opposed to eliminating hazards from the 447 

workplace altogether before beginning construction. Second, many of the technologies reported in the 448 

construction industry are used for training purposes to improve worker awareness of potential onsite 449 

hazards. In general, given the aforementioned factors, this benefit of using technology for OSH 450 

management (i.e., improving worker awareness of hazards) was more frequently reported than other 451 

potential benefits.  452 

By contrast, several benefits were reported only by few participants. For example, enhancing 453 

near-miss reporting was reported by 26% of the participants. The respondents contended that merely 454 

few technologies are being used to report and document on-site near-misses. Based on the majority of 455 
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the responses, mobile devices, such as smartphones and tablet PCs, were used occasionally to report 456 

and document near-misses in construction projects. In addition, the traditional pen-and-paper method 457 

is used in most construction projects instead. This finding is consistent with those of previous research 458 

which showed that when technology is utilized for safety management, smartphones and tablet PCs 459 

are commonly used for near-miss reporting and visualization (Park and Kim, 2012).    460 

Despite the benefits associated with the use of technologies in managing construction worker 461 

safety and health, several limitations of the reported technologies were also identified. The survey 462 

responses reveal that the cost of continuous use of technology, client demand, additional training 463 

needed, and data security are the top four limitations of the use of technology for OSH management in 464 

construction. For conciseness, only the top two limitations, namely, cost of continuous use of 465 

technology and client demand, which were reported by more than 40% of the study participants, are 466 

discussed in depth below.   467 

The cost of using and maintaining a technology was a concern expressed by approximately 468 

half of the study participants. This cost differs from the capital cost of a technology (i.e., the money 469 

paid to purchase or obtain a technology), is related to the use and maintenance of a technology in 470 

practice and could be significant in some cases depending on the technology employed. Reportedly, 471 

over 80% of the cost of using a technology occurs after the initial purchase of the technology 472 

(NetworkAlliance, 2019). To demonstrate this fact, let us assume that a construction firm intends to 473 

use VR/AR technology for safety management. Purchasing a VR and AR headset with full features 474 

for construction use could cost as low as $500 (Okpala et al., 2020). However, the cost of supporting 475 

systems (e.g., game engine software) and hardware components (e.g., a laptop, tablet, and motion 476 

tracker) could easily exceed $5,000. Moreover, a developer must be hired to create an immersive test 477 

environment to effectively use the technology on-site, and this requirement entails significant costs 478 

(Okpala et al., 2019). The same is true with the use of WSDs and these devices are inexpensive to 479 

obtain but quite expensive to use and maintain over a specific period. Esola (2018) reported that an 480 

IoT-supported wearable device could cost $100 per clip-on device, with an additional networking cost 481 

of $12,000–24,000 per year. These costs may not prevent a large construction company from using a 482 
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technology, say a VR, but would certainly influence the decision of a small enterprise to use or forgo 483 

the technology in construction safety application.   484 

Lack of client demand was also reported by 43% of the participants as a limitation to using 485 

particular technologies for OSH management in construction. This limitation is mostly due to the fact 486 

that several clients may demand the use of specific technologies while discouraging the use of other 487 

counterparts. A few participants reported that their clients, either as owners or designers, typically 488 

refuse to participate in safety efforts when using BIM because of liability concerns that may arise in 489 

case of accidents during the construction phase of a project. This finding is consistent with those of 490 

numerous studies that reported that designers, for example, are oftentimes unwilling to participate in 491 

safety efforts because of multiple reasons including fear of liability and legal consequences 492 

(Torghabeh and Hosseinian, 2012; Gambatese et al., 2017a, Toole et al., 2017). The use of BIM in 493 

construction is associated with legal issues and risks (Foster, 2008). Given the information discussed 494 

above, client demand seems to highly influence the use of technologies for OSH and clients 495 

occasionally encourage the use of particular technologies.                496 

7.3 Barriers to Adopting Technologies for OSH Management 497 

Section 6.3 and Table 5 reveal 13 barriers to the adoption of safety and health technology in the 498 

construction industry. The top five barriers were related to “upfront investment,” “required training,” 499 

“availability of technical support,” “doubt concerning technology performance,” and “clients lack of 500 

demand” are discussed here in depth. These five barriers are emphasized because their ratings are 501 

relatively higher than the reminder of the barriers (i.e., MNV above 0.70). This section also includes 502 

strategies that could be used by industry stakeholders to overcome the reported key barriers to high 503 

levels of adoption of technologies for OS management in the construction industry.    504 

7.3.1 Upfront Investment for Adopting Technologies for OSH Management  505 

The upfront investment required to implement a technology was reported as the top barrier against the 506 

adoption of technology for OSH management in the construction industry. This outcome is 507 

particularly true for small- and medium-sized companies that may lack adequate budget for 508 

technology adoption and implementation (Acar et al., 2005; SmartMarket Report, 2017). While some 509 

of the technologies discussed in this study require limited capital investment, many of these 510 
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technologies require significant upfront investment. For example, BIM, AI, and Robots and 511 

Automation necessitate the purchase of requisite software and hardware components and their 512 

implementation on-site. Before implementation in the field, trials are needed to ensure that the staff 513 

working on/with a technology completely understand the features and limitations of the technology 514 

and whether the technology is suitable for particular tasks. However, several technologies entail 515 

reasonably low investment in terms of obtaining the technology itself. For instance, the cost of 516 

obtaining UAVs and WSDs are fairly reasonable. Thus, supporting hardware/software components 517 

may be required and could sometimes be quite expensive, as discussed in Section 7.2.   518 

7.3.1.1 Strategies to Reduce Upfront Investment for Adopting Technologies for OSH 519 

Management  520 

Respondents indicated that the cost of using technologies for OSH management is the primary reason 521 

that limits the extended use of these technologies on construction projects. Although certain 522 

technologies examined in this study are multifunctional technologies (e.g., UAVs, LiDAR, and AI) 523 

that create a broad positive effect due to scale of use, the initial purchase cost and additional costs 524 

needed for implementing the technology within the safety domain is a concern for users. The 525 

importance of managing the purchase and implementation cost is further exacerbated by the relatively 526 

low profit margin observed in the construction industry and the lack of investment in technology 527 

integration and in research and development. To encourage contractors to use these technologies, 528 

vendors should consider adjusting their business models to limit the upfront cost of using these 529 

technologies. A subscription-based model or a monthly payment structure over a given period may be 530 

a preferred model given that contractors can adjust the periodical payments to match their typical 531 

billing cycle – moving most of the cost upstream. However, the periodic payments should be 532 

reasonable.  533 

Insurance companies could also provide several incentives to contractors to promote the use 534 

of technologies that will reduce the frequency of workers drawing on workers compensation. This 535 

incentive could be a direct reduction of the purchasing cost (paying a fraction of the capital cost of the 536 

technology) or be applied as an insurance premium deflator. Apart from developing and implementing 537 

innovative strategies to reduce the cost associated with using these technologies, previous studies 538 
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suggest that providing information on benefit–cost or return on investment (ROI) plays a role in 539 

encouraging the uptake of safety and health related technologies (Nnaji et al., 2019a). Vendors must 540 

provide accurate information on the ROI to contractors. This ROI process should be adaptable and 541 

account for the different characteristics of contractors and implementation strategies. For instance, 542 

Ironhand, a hand exoskeleton, provides an adjustable ROI calculator to help potential clients estimate 543 

the ROI of purchasing their technology (Bioservo, 2019). Similar to Thiess et al., (2013) and Sun et 544 

al. (2011), researchers should complement vendors’ efforts by proposing ROI and cost-effectiveness 545 

frameworks for technologies used for OSH management.   546 

7.3.2 Required Training Associated with Adopting Technologies for OSH Management  547 

Required training for workers prior to using a technology was reported as the second barrier against 548 

adopting safety and health technologies in the construction industry. This finding is consistent with 549 

those in the literature. Furthermore, numerous studies reported that the level of training needed for 550 

workers before they use a technology is one of the primary obstacles of technology adoption in 551 

construction (Mitropoulos and Tatum, 1999; Al-Gahtani and King, 1999; Mitropoulos and Tatum, 552 

2000; Martínez-Rojas et al. 2016). Martínez-Rojas et al. (2016) reported that the required training 553 

may present challenges for construction contractors who intend to adopt construction technologies 554 

such as BIM. Martínez-Rojas et al. found that these challenges can be significant and not readily 555 

overcome by small- and medium-sized companies with less than 100 employees. Notably, such 556 

training must be provided to every single employee joining the companies. Additional training may 557 

also be required as the technology is updated and the software components are upgraded.  558 

Certain employees, particularly baby-boomers, may require additional training due to their 559 

lack of technological and digital literacy (Meyer, 2011). Meyer (2011) argued that young workers 560 

(e.g., millennials) require less training hours when it comes to technology; however, such workers 561 

typically have lower experience levels than old workers. Peansupap and Walker (2005) added that 562 

certain workers, particularly baby-boomers, may need training in accessing the internet, storing 563 

collected data, and using supporting software, which are required in using technologies in OSH 564 

management.   565 
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7.3.2.1 Strategies to Minimize Required Training for Technology Adoption for OSH 566 

Management 567 

Several studies have highlighted that construction workers are resistant to change, including the 568 

adoption of a new technology (Sardroud, 2012; Oesterreich and Teuteberg, 2016). This research 569 

highlights the significance of training for infusing and diffusing technology. The study participants 570 

indicated that a key reason for the slow uptake of technologies used in OSH management is the 571 

extensive training required before workers acquire the necessary skills to use these technologies. 572 

Furthermore, participants also highlighted that the cost implication of such an extensive training could 573 

limit the use of a these technology on-site. Previous investigations on technology adoption have 574 

emphasized the important role of a trained worker on the successful adoption of a technology 575 

(Ozorhon and Karahan, 2016; Nnaji et al., 2019b).  576 

The need for qualified and trained workers is central to successful safety and health 577 

technology adoption and implementation. Training should start with educating workers about the 578 

importance and usefulness of the technology. This education should include information on the 579 

effectiveness of a technology (case study examples should be used whenever possible), the potential 580 

effect of a technology on worker safety, and the overall impact of a technology on the organization 581 

and their outputs. In addition, workers should participate in a hands-on description of standard 582 

operating procedures. Workers’ knowledge on technology implementation should be evaluated via 583 

written assessment, such as through an exit survey. Within a specific period, safety personnel should 584 

appraise each workers comprehension of the standard operating procedure in using safety tools, for 585 

instance, through behavioral-based safety assessment. Following processes which encourage 586 

continuous learning and improvement would likely provide the required reinforcement needed to 587 

effectively implement change management.  588 

Moreover, to reduce the impact of the resistance associate with some baby-boomers, 589 

construction companies should strike a balance regarding the structure of the team working in 590 

adopting and implementing technologies to ensure an appropriate mix of highly experienced workers 591 

(baby-boomers, for instance) and those more familiar with technology use (Millennials or 592 

Centennials, for instance). 593 
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7.3.3 Availability of Technical Support for Use of Technology in OSH Management   594 

Concern regarding the technical support availability from a manufacturer is the third top barrier 595 

against the adoption of technology for OSH management in construction. Previous studies have 596 

reported that the unavailability of round-the-clock technical support is a significant hindrance that 597 

prevents stakeholders from adopting a technology (Rogers, 2000; Inan et al., 2010). Such 598 

unavailability could lead to improper application of the technology or the cessation of work 599 

operations. Thus, substantial cost, schedule, and productivity implications could occur. Construction 600 

companies are attracted to technology because it can help them advance their performance outputs 601 

while minimizing total costs and schedule delays. When a company feels that a technology might 602 

negatively affect performance outputs (time, cost, and quality), it would most likely stop using the 603 

technology or would not invest in the technology in the first place (i.e., not adopt the technology to 604 

begin with).       605 

7.3.3.1 Strategies to Avoid Unavailability of Technical Support for Technology Use in OSH 606 

Management  607 

To ensure that adequate technical support is available from the technology vendor, construction 608 

companies should obtain all relevant information from the manufacturer before deciding to adopt and 609 

use a technology. Such a process would guarantee that no issues will arise from the unavailability of 610 

technical support for a technology. Any unavailability could mean that the company would face 611 

undesired outcomes as reflected in the schedule, cost, and/or productivity. To reiterate, a technology 612 

is adopted and implemented to improve performance outcomes (time, cost, and quality). Therefore, 613 

when adopting a technology that could negatively affect these performance outcomes, no motivation 614 

to adopt the technology would be present in the first place. If the manufacturer fails to provide 24/7 615 

support services, then in house technical expert or a specialist software support organization 616 

(consultant) should be hired (Peansupap and Walker, 2005). These may be considered as more 617 

expensive option.     618 

7.3.4 Technology Performance Concern (Durability and Effectiveness) 619 

Although the cost of a technology is an important factor that influences adoption, the effectiveness 620 

and reliability of a technology used in managing OSH plays a critical role in convincing workers to 621 



 

26 

use it (Nnaji et al., 2018a). Lee et al., (2013) and Lai (2017) highlighted the significance of the 622 

perception of technology performance in the successful adoption and diffusion of that technology. 623 

Widely used technology adoption theories and models such as Unified Theory of Acceptance and Use 624 

of Technology, technology acceptance model, and technology-task-fit hinge on the perception of 625 

technology usefulness (Venkatesh et al., 2003; Zigurs and Buckland 1998). Given that information 626 

provided by a technology (WSDs, for instance) could mean the difference between an accident and a 627 

near-miss, it is essential that technologies used as warning devices are effective, exhibit appropriate 628 

features, are devoid of false alarms, and durable (Nnaji et al., 2018a; Awolusi et al., 2018). As 629 

innovation laggards, contractors prefer to use technologies that have proven performance.   630 

7.3.4.1: Strategies to Minimize Technology Performance Concerns 631 

To ensure that stakeholders have sufficient evidence to make informed decisions, practitioners and 632 

researchers must develop detailed use-case studies for each technology. For instance, Novosel (2016), 633 

Marks et al. (2017), Gambatese et al. (2017b), and Shukurat (2019) provided detailed evaluations of 634 

work zone intrusion alert systems. These reports provide sufficient depth and breadth of information 635 

that can be used by the decision makers involved in technology integration. Moreover, reproducible 636 

evaluation methods should be developed to ensure that other stakeholders can replicate the 637 

experiments within different contexts (Nnaji et al. 2019a). Information generated from technology use 638 

cases should be disseminated through appropriate channels such as practice-oriented journals or trade 639 

magazines to guarantee that the information reaches those individuals involved in technology 640 

integration decision making.  641 

7.3.5 Client Involvement 642 

In line with previous research (Nnaji et al., 2019b), client or owner involvement is considered critical 643 

to adopting technologies used for OSH management. Clients are vital in setting the safety culture of a 644 

project (Shen et al., 2015). In most cases, contractors are compelled to place a premium on things that 645 

have significant value to a client to guarantee client satisfaction and repeat business. Moreover, 646 

contractors are likely to adopt and implement technologies for OSH management if the client requires 647 

the use of certain technologies in the contract and in the project specific safety plan. For instance, 648 

state Department of Transportation commonly require contractors (contractually) to use specific 649 
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technologies to help manage the flow of traffic in the work zone. This requirement has led to the 650 

increased use of technologies for safety management, such as digital safety signs (portable changeable 651 

message signs and variable message signs, for instance), automated flagging systems, and portable 652 

traffic signs (Nnaji et al., 2018b; 2019a).  However, in most cases, the client will absorb the cost of 653 

including such requirements. 654 

7.3.5.1 Strategies for Improving Technology Use in OSH Management through Client 655 

Involvement  656 

To enhance technology use for OSH management on construction projects, clients should consider 657 

including specific technology requirements in contracts or incentivize contractors who adopt 658 

innovative safety solutions. In addition, clients could opt to include technology use as a criterion when 659 

assessing a contractor’s safety performance. Karakhan et al. (2018) described that the level of 660 

technology implementation in OSH management is a key component of a contractor’s safety maturity 661 

and should be assessed by owners prior to selecting a contractor. This finding implies that contractors 662 

who use effective technologies for managing  OSH be regarded as having a mature safety program, 663 

thereby reducing risk to accidents that could affect the completion time of a project. If clients choose 664 

to adopt a process similar to the model of Karakhan et al., then contractors will be compelled to adopt 665 

and implement additional technologies to increase their competitiveness.   666 

8.0 Conclusions, Limitations and Future Studies   667 

This study aims to provide essential information required to support the adoption of technologies for 668 

enhancing worker safety and health in the construction industry. In addition to identifying the 669 

technologies currently used by participating construction organizations for OSH management, this 670 

work presents a list of benefits and limitations that influence the continuous use of the identified 671 

technologies. Critical barriers that prevent contractors from adopting technologies for OSH 672 

management are also presented. Moreover, a survey of 102 experienced workers within the US 673 

construction industry was conducted to provide critical information on the factors that affect the 674 

adoption of technology for OSH management The survey results indicate that the main benefits 675 

associated by participants with using technology for managing OSH are “Improves workers 676 

awareness of hazard,” “Help warn workers of workplace hazard,” and “Eliminate hazard during the 677 
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design phase.” “Extra costs associated with technology use,” “Decision to use varies with client,” and 678 

“Required worker training may not be cost effective” were identified as the primary challenges faced 679 

by participants who use technologies for managing OSH on construction projects. The critical barriers 680 

that prevent construction organizations from adopting technologies for OSH management include 681 

“Extensive upfront investment,” “Need for extensive training before achieving optimum 682 

performance,” and “Concerns regarding the technical support availability from manufacturer.” The 683 

outcome of this investigation provides guidelines for practitioners and consultants involved in 684 

integrating technology into an organization’s safety management system. Practitioners can focus on 685 

the identified barriers for technology adoption and can implement the suggested strategies in Section 686 

7.3 above to overcome such barriers. Manufacturers and vendors, in turn, should take note of the 687 

limitations being observed by users of these technologies and endeavor to provide solutions to these 688 

challenges.   689 

Similar to any research, this study is subjected to multiple limitations that require further 690 

investigations. First, although participation in the study was optional, the respondents primarily 691 

consisted of individuals from organizations who already implement technologies for OSH 692 

management. This could present a selection bias and, therefore, the results of the study may not be 693 

generalized across the industry and may not represent the experience of all construction organizations. 694 

Future studies should acquire insights from organizations with limited use of technology in OSH 695 

management. The case study approach could be employed to elicit additional detailed information 696 

regarding the challenges faced by these companies when adopting technologies for OSH management. 697 

Nevertheless, this study provides useful information that could help construction organizations that 698 

currently consider the use of these technologies for OSH management. Second, this study did not 699 

identify the causal relationship between the benefits, challenges, and barriers and the individual or 700 

organizational propensity to adopt a technology. An empirical survey could be conducted to gain 701 

additional insights in this regard. Such relationship could be evaluated using structural equation 702 

modeling (SEM) or similar methods. Third, a similar process (SEM) could be adopted to identify the 703 

relationship between using these technologies and impact on leading and lagging indicators. Finally, 704 

this research focused primarily on the perspective of management employees given the important role 705 
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they play in the decision to purchase and implement a technology in safety context. Given that 706 

previous studies suggest that successful technology adoption is a hybrid of top-down and bottom up 707 

approach (Nnaji et al 2019c), future studies should concentrate on the perspective of field workers in 708 

order to generate valuable information that will complement the knowledge provided in this study.  709 
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Technologies for Safety and Health Management in Construction: Current Use, Implementation 

Benefits and Limitations, and Adoption Barriers 

Highlights  

• 15 technologies frequently used for safety and health management in the construction 

industry and labeled as effective are identified and investigated in the study.   

• 12 benefits and 14 limitations associated with the use of technologies for safety and 

health management are summarized in the study.  

• 13 critical barriers inhibiting the adoption of technologies for construction worker safety 

and health management are evaluated in the study.  

• Effective strategies for overcoming existing adoption barriers are discussed in the study.  
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