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Understanding the influence of safety climate and productivity pressure on non-helmet use 1 
behavior at construction sites: A case study 2 

Abstract: Purpose–Neglecting to wear a safety helmet can result in serious injuries at construction sites, but 3 
the cause of such unsafe behavior has not been fully understood. Therefore, the purpose of this paper is to 4 
provide a means of systematically understanding on the causes of non-helmet use behaviors at construction 5 
sites.  6 

Design/methodology/approach–This paper utilizes the System Dynamics (SD) modeling to portray the 7 
construction system works at project, management, and individual levels to understand the relative importance 8 
of safety climate and productivity pressures. A real-time helmet use behavior tracking system (the Eye on 9 
Project), is developed to provide an objective record of helmet use practices. Using the data collected from 10 
the EOP, the proposed SD model can be calibrated to simulate the influence of safety climate and productivity 11 
pressures on the non-helmet use behaviors of construction workers. 12 

Findings- The data collected from 91 responses through the questionnaire survey was utilized to develop the 13 
System Dynamics model, which consists of two balancing loops and two reinforced loops. The Mean Absolute 14 
Percentage Error is further used to evaluate the model. Results show that a positive safety climate significantly 15 
reduced the rate of non-helmet use behavior.  16 

Originally- This study divided the primary contributors of non-helmet use behavior into three levels for the 17 
System Dynamics model development. The SD model can be used to develop policies for mitigating helmet 18 
misuse, which in turn improves the safety performance of construction sites. 19 

Keywords: safety climate; system dynamics; helmet use practices; productivity pressure; construction project 20 

21 
1. Introduction22 

Head injuries are a common acute trauma in the workplace worldwide since the human head is the part of the body 23 
with the highest potential for serious injury and cause of death ((Long et al., 2015). Medical Online, for example, states 24 
that about 230,000 American people suffer traumatic head injuries each year, with more than a fifth dying as a 25 
result(Brain, 1999). Similarly, the Center for Disease Control and Prevention (CDC)(Prevention, 2011) estimates that 26 
head injuries accounted for almost 49% of fatal injuries in 2011, with the proportion of head trauma being even higher. 27 
This is especially the case in the construction industry, which has the highest number of traumatic brain injuries in all 28 
industries (Colantonio et al., 2009). Therefore, as widely used personnel protective equipment (PPE)(Wagner et al., 29 
2013), safety helmets have been developed to help mitigate the risk of head injuries to humans in hazardous working 30 
conditions such as construction sites. To prevent construction workers from experiencing traumatic brain injuries, the 31 
government works department has published a series of booklets to provide safety-related regulations and rules to 32 
reduce safety helmet misuse. For instance, in order to protect the employees’ safety, the America Occupational Safety 33 
and Health Administration (OSHA) has developed a series of regulations to ensure that employers provide appropriate 34 
head protection and bear the responsibility of supervising its use in conditions where objects might fall from above 35 
and strike workers on the head. This promotion has highlighted the importance of helmets and has educated workers 36 
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in the use of helmets. Recently, there have been increasingly focused and tailored prevention strategies in the 37 
construction trades to ensure proper helmet use (Liu et al., 2011, Konda et al., 2016).  38 

 39 

Neglecting the appropriate use of safety helmets is a common unsafe practice in construction sites and a result of a 40 
combination of different factors, such as productivity under pressure and project goals (Chan et al., 2005). The 41 
construction project usually contains multiple goals, which requires the workers to consider schedule, quality, 42 
productivity, and safety simultaneously on the job site(Aziz and Hafez, 2013). However, since there exists exact 43 
conflict among the factors above, the workers may engage in unsafe behavior under productivity pressure. As 44 
deviations from the planned activities increase, workers have been forced to crash the schedule irrespective of any 45 
safety considerations (Hinze and Parker, 1978, Hinze, 1997, M. Goldenhar et al., 2003, Mitropoulos and Cupido, 46 
2009). Being pressed for higher productivity, project managers and forepersons, therefore concentrate less on safety 47 
protection. Previous studies of PPE misuse are based on empirical models and theories generated from other industries, 48 
for example, the theory of planned behavior (TPB) (Choudhry and Fang, 2008), the functional-expressive-aesthetic 49 
(FEA), consumer needs model mode (Wagner et al., 2013), and the health promotion model (HPM) (Lu et al., 2015). 50 
However, scant research has been provided to fully capture the dynamic relationships between PPE misuse and project 51 
goals in the construction project.  52 

 53 

Construction accidents are regarded as one of the main factors affecting construction production efficiency (Gurmu, 54 
2019). The work-related injuries on construction sites ultimately lead to the decline of productivity and further costs 55 
(Kazaz and Ulubeyli, 2007, Ahmed et al., 2018). Hasan et al. (2018) also described that occupational injuries and 56 
accidents would hinder productivity at construction sites. Furthermore, previous studies have illustrated that safety 57 
climate has a significant impact on accident involvement in the construction industry (Gillen et al., 2002, Fang et al., 58 
2006, Kim et al., 2019). Meanwhile, except for the direct cost of construction accidents, the indirect cost also accounted 59 
for the economic loss in the construction industry, including the loss of productivity and time for injured workers 60 
(Clarke, 2006, Orlov et al., 2019). Hence, it is important from a theoretical perspective to fully understand the effects 61 
of safety climate and productivity pressure on workers’ unsafe behavior and further reduce or avoid possible economic 62 
losses in the construction project. 63 

 64 

The purpose of this paper, therefore, is to provide a means of systematically understanding the causes of non-helmet 65 
use behaviors at construction sites. The methodology of System Dynamics (SD) is adopted to model the project system 66 
at the individual, management, and project levels and then integrate the links between primary contributors and unsafe 67 
behavior. The Eye on Project (EOP) is developed to target the number and frequency of non-helmet use behaviors at 68 
construction sites for calibrating the SD model being developed. This is followed by a demonstration in which the 69 
model is used to examine the likely effects of different safety strategy regimes under productivity pressures to identify 70 
the most appropriate strategy for ameliorating non-helmet use behaviors. 71 

 72 

 73 

 74 

 75 
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2.Understanding Complex Safety System Using System Dynamics  76 

The capability and fitness of System Dynamics (SD) used to contribute to the improvement of understanding 77 
complex safety systems has been well documented in the literature (Shin et al., 2014). The SD model can be used to 78 
explore nonlinear causes of behavior within a complex system over time under conditions of feedback and complex 79 
combinations of variables. Synchronously, SD is a modeling tool that mainly focuses on feedback structure and 80 
resulting behavior to understand complex systems in a comprehensive way (Sterman, 2000). Bouloiz et al. (2013) 81 
adopted the SD model to improve safety performance by exploring causal variables between safety factors involving 82 
organizational, technical, and human aspects. To investigate the work-family conflict of the employee in the 83 
construction industry, Wu et al. (2016) have constructed a bi-directional system dynamics model. The research 84 
summarized that from the work and family perspective, work flexibility's improvement plays a positive role in the 85 
construction industry employees' satisfaction and performance. Lê and Law (2009) have also developed an SD model 86 
to simulate experience-transfer scenarios in the architectural/engineering/construction (AEC) industry, while Han et 87 
al. (2014) have developed an SD model to understand the impact of work pressure on safety performance. Guo et al. 88 
(2018) also provide a systemically dynamic model which is based on evolutionary theory to improve the quality 89 
supervision in the construction project. 90 

 91 

Compared with conventional research methods on construction unsafe behaviors that follow a linear process of factor 92 
identification, the SD methodology pays attention to the combined interactions between different contributors within 93 
the system (Cooke, 2003, Goh et al., 2010, Qureshi, 2007). More recently, Shin et al. (2014) developed an SD model 94 
of construction workers’ mental processes to better understand the feedback mechanisms of workers’ safety attitudes 95 
and safe behaviors, while Jiang et al. (2014)have presented a holistic cognitive analysis of construction workers’ unsafe 96 
behaviors based on an SD model of their causation− containing individual, environmental, and management conditions. 97 
Unlike the previous works, this study divided the primary contributors of non-helmet use behavior into three levels for 98 
the SD model development. It is namely:    99 

− Level 1- Project Level: The requirements of a specific project, the key project goals being the most 100 
important considerations influencing unsafe behavior, with the opposing objectives of safety and 101 
productivity tending to create adverse conditions; 102 

− Level 2- Safety management strategies, such as safety training and safety climate, primarily concerned with 103 
the specific project; and 104 

− Level 3- The diverse characteristics of individuals, with age, gender, type of work, and working experience 105 
being dominating factors. 106 

 107 

Figure 1 illustrates the hierarchies of the factors involved in the SD model. Based on the SD methodology, this paper 108 
tries to describe how factors from the three levels dynamically impact non-helmet use behaviors. Moreover, non-109 
helmet use behavior is simulated over time to identify possible strategies to ensure that workers wear helmets and 110 
safety performance is maximized. 111 

 112 
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 113 
Figure 1. Conceptual Model on the Safety Performance 114 

 115 

2.1. Project level  116 

A construction project is a temporary construction process to produce a unique product with a defined schedule and 117 
budget(Zwikael, 2009). Although each project is established to achieve its own specific goals, the primary goals of all 118 
construction projects are time, budget, and quality triangle (Larsen et al., 2015, Winch et al., 1998). Choudhry (2017) 119 
pointed out that the major concerns throughout the construction project are improving safety performance and 120 
productivity. The construction industry is often affected by the pressure resulting from project schedule delays 121 
(Mohammadi and Tavakolan, 2019). Specifically, project managers seek to identify where compensatory adjustments 122 
can be made in the other goals when any of these goals are threatened. With the urge for improved productivity, 123 
whether it is because of real (or feared) time or budget slippages, safety performance is often sacrificed. For example, 124 
workers tend to eschew safety equipment to improve productivity due to its inconvenience and discomfort. In the face 125 
of such pressures, workers often take increasing risks involving a greater propensity for unsafe behavior (Han et al., 126 
2014). Therefore, it is necessary to balance the management schedule and pressure to properly maintain safety 127 
standards. Although previous studies have found that productivity pressure negatively impacts workers’ safety 128 
behaviors(Han et al., 2014, Jiang and Probst, 2015, Wong et al., 2020), scant research has systematically investigated 129 
the mechanisms of how productivity pressure influences workers’ safety performance. 130 

2.2. Management Level 131 

Regarding the management level, safety management, based on the project’s goal, involves developing and 132 
executing safety policies and providing PPE to workers (Choudhry and Fang, 2008). Zohar emphasizes the importance 133 
of safety climate in reflecting the priorities of safety management (Zohar, 1980, Zohar, 2000). Safety climate is a 134 
managerial factor that refers to workers’ attitudes to safety, procedures, and practices in the workplace (Zohar, 1980, 135 
Zohar, 2000, Zohar, 2002, Zohar, 2003, Neal et al., 2000). Safety climate provides a pleasant atmosphere for mutual 136 
supervision and supports the promotion of safe behaviors (Cavazza and Serpe, 2009, Hon et al., 2014, Jitwasinkul and 137 
Hadikusumo, 2011). In the construction industry, this involves components such as safety training and improved safety 138 
awareness (Abreu Saurin et al., 2005, Haslam et al., 2005, Williams et al., 2010). The safety climate theory recognized 139 
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that workers’ behavior is affected by the interaction between the person and the environment in which they are involved 140 
(Shen et al., 2017). Therefore, to better understand and explain the individuals’ safety behavior, the safety climate is 141 
further designated as a managerial factor in this study. The safety climate measurement needs to be provided first to 142 
investigate the impact of safety climate on helmet use behavior on the management level. This has been undertaken in 143 
various ways; Janssens et al. (1995), for example, categorized management, work pressure, safety systems, and the 144 
safety level as safety climate. In this paper, the indicators of safety climate were systematically reviewed. Given diverse 145 
safety climate measures and safety performance indicators in the safety literature, items were developed from a well 146 
designed Organizational Climate Scale (Hartline and Ferrell, 1996).  147 

By relevance to the non-helmet use behavior, the safety climate is summarized as (a) safety attitude, (b) training, (c) 148 
communication, (d) safety inspection, and (e) workplace stress. 149 

 150 

(a) Safety attitude 151 

The attitudes of project managers and workers towards safety would affect the safety climate in the organization 152 
(Cheyne et al., 1998). For example, several researchers ascertained that the manager’s support for safety practices 153 
should be the utmost vital factor in promoting organizational safety (Huang and Hinze, 2006). When managers ignore 154 
safety rules, they are regarded as providing a negative role model, with workers behaving likewise. Workers will have 155 
poor safety performance if the project managers do not exhibit sufficient care about safety behavior (Fogarty and Shaw, 156 
2010). 157 

 158 

(b) Safety training 159 

Safety training refers to the frequency, pertinence, and thoroughness of training provided to on-site workers (Jiang et 160 
al., 2014). It has been long recognized as an effective form of safety climate for reducing accidents (Ostrom et al., 161 
1993). In order to improve workers’ safety awareness and increase their safety knowledge, regular safety training is 162 
essential for instilling basic requirements while helping the workers recall procedures in wearing PPE (Burke et al., 163 
2011, Wachter and Yorio, 2014). Another dimension that has been examined in the safety climate literature is employee 164 
perceptions of their safety training (e.g., (Zohar, 1980, Huang and Hinze, 2006). This constructs a measure of the 165 
effectiveness of formal orientation programs and follow-up training of safety practices at work (Huang and Hinze, 166 
2006). It is essential to differentiate between safety climate and the structural elements of a safety management system, 167 
such as the existence of policies and procedures (e.g., safety training or available safety equipment) (Hahn and Murphy, 168 
2008). Han et al. (2014) mentioned that organizations might have structural policies, such as safety training or available 169 
safety equipment, for reasons other than a strong belief about the value of safety (e.g., industry regulations). With this, 170 
safety training has a positive effect in increasing safety performance (e.g., (Cohen and Jensen, 1984, Reber and Wallin, 171 
1984). 172 

 173 

(c) Communication 174 

Communication is concerned with the information exchange between workers and management over safety problems, 175 
including their degree, frequency, and effectiveness (Probst, 2004). It is one of the dimensions of psychological climate 176 
(e.g. (Koys and DeCotiis, 1991). The incorporated communication (e.g., discussion of safety issues in meetings) is one 177 
of the components of safety climate and concludes that workers with different degrees of communication have different 178 
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perceptions of workplace hazards (Cheyne et al., 1998). Moreover, Hofmann and Stetzer (1998) concluded that safety 179 
climate and communication (an open, free-flowing exchange about safety-related issues) significantly influence 180 
workers’ attributions toward site safety. Similarly, Kaskutas et al. (2013) also ascertained that unsafe behaviors could 181 
be reduced by proper and effective communication within the organization.  182 

 183 

(d) Safety inspection  184 

Safety inspection refers to the frequency and thoroughness of management inspection of workers’ unsafe behaviors, 185 
as well as any hazards associated with the construction site (Tam et al., 2004). It is often used as a comprehensive 186 
system for supervising whether the workers have followed the safety guidelines. Safety inspection plays a vital role in 187 
the safety climate to improve safety performance in the workplace (Yule et al., 2006). If safety inspection is frequently 188 
conducted such that workers feel more inclined to adhere to safety measures, they will take more initiative to promote 189 
safety awareness and act accordingly (Neal et al., 2000). Hence, safety inspections are regarded as a direct factor 190 
contributing to the improvement of safety climate at the construction site (Su et al., 2019). 191 

 192 

(e) Workplace stress 193 

Workplace stress deals with the degree to which workers feel under pressure to complete work, as well as the amount 194 
of time taken to plan and carry out work (Glendon et al., 1994). For example, an urgent working schedule is the most 195 
serious factor adversely affecting construction safety performance (Ahmed et al., 1999). Fahlbruch and Wilpert (1999) 196 
also ascertained that work pressure is known to be an important aspect of safety climate management involving 197 
balancing production and safety demands. With increased competitiveness in the construction industry, workplace 198 
stress is very likely to influence safety climate when schedules and resources become stretched. Thus, a higher 199 
expectation of work production would lead to a negative safety climate. 200 

2.3. Individual level 201 

At the individual level, personal factors including gender, age, types of work, experience, and knowledge lead to 202 
different results on helmet use in the workplace (Sing et al., 2014, Lombardi et al., 2009, Lu et al., 2015, Lin et al., 203 
2011). Through the investigation of the psychological process of construction workers, their decision of not wearing a 204 
safety helmet seems to be deliberated (Zhang and Fang, 2013, Shin et al., 2014). Among them, attitude is one of the 205 
significant factors in workers’ behavioral intentions (Ajzen, 1991). Paying close attention to the workers' mental 206 
process (i.e., individuals can do with their minds) should contribute to a detailed understanding of how their safety 207 
attitude influences their behavior (Foa et al., 1989). Once the workers have adopted the information that extends beyond 208 
their personal experience, they will develop their safety attitude and make decisions on whether or not to act according 209 
to their formative attitude. The feedback loop as shown in Figure 1 is a key link in understanding the behavior of 210 
worker safety as a psychological process. 211 

 212 

In this SD modeling work, unsafe behaviors on the construction site are influenced by three integral levels of 213 
contribution, instead of being considered an isolated individual or organizational factor. Figure 1 illustrates this based 214 
on the identification of project, management, and individual loops involved. 215 

 216 
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3. System Dynamics (SD) Modeling 217 

Based on the conceptual model as stated in Figure 1, the developed SD model for the feedback loop of the non-218 
helmet use behavior is shown in Figure 2. 219 

 220 

Figure 2. System Dynamics Model 221 

 222 
As demonstrated in Figure 3, the SD model proposed in this study consists of four separate causal loops within the 223 
three levels as mentioned in the previous section, comprising: 224 

− Loop B1 (Balancing Loop): (Non-helmet use behavior→(+) Safety incidents→ (+) Safety perception→ (+) 225 
Worker’s attitude towards safety→ (+) Worker’s intention to wear safety helmet→ (-) → Execution of non-226 
helmet use behavior → Non-helmet use behavior).  227 

− Loop B2 (Balancing Loop): (Workplace stress→(+) Workers’ attitude towards safety stress (+) Worker’s 228 
intention to wear safety helmet→ (-) →Execution of non-helmet use behavior → Non-helmet use 229 
behavior).  230 

 231 

These two balancing loops are constructed based on the psychological processes involved in workers’ decision-making 232 
(‘individual level’ as shown in Figure 1). Near misses are hazardous situations, events, or unsafe acts where the 233 
sequence of events could have caused an accident had they not been interrupted (Small et al., 1999), and non-helmet 234 
use behavior is regarded here as a key resource for near misses. 235 

− Loop R1 (Reinforced loop): (Project Manager’s attitude toward safety → (+) Worker’s attitude towards 236 
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safety → (+) Increment on safety climate)  237 
− Loop R2 (Reinforced loop): (Project Manager’s attitude toward safety → (+) Safety communication (+) 238 

Increment on safety climate) 239 

 240 
These two reinforced loops demonstrate the interdependent relationship between the three levels in the conceptual 241 
model. The safety attitudes of both project managers and workers would positively affect the safety climate of the 242 
construction site. In sum, the SD model embodies the understanding of the feedback processes on the three levels of 243 
individual, management, and project contributions. This permits the identification of the actions and strategies with 244 
the most significant potential to provide the desired range of safety performance in helmet use while maximizing the 245 
promotion on the positive safety climate factors (i.e., safety training, safety communication, and safety inspection) and 246 
minimizing the negative impact of productivity aspirations. Finally, the Eye on Project (EOP) is developed to act as 247 
the main device by providing the helmet wear record as a primary data source of this research study. 248 

 249 

 250 

 251 

Figure 3.: (a) Balancing Loop 1 252 
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 253 

Figure 3.: (b) Balancing Loop 2 254 

 255 

 256 

Figure 3.: (c) Reinforced Loop 1 257 

 258 
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 259 

Figure 3.: (d) Reinforced Loop 2 260 

Figure 3. Sub Loops of the System Dynamics Model 261 

 262 
4.Non-helmet use behavior inspection system: Eye on Project (EOP) 263 

The head is the most important and vulnerable human organ, as even a moderate impact can cause severe injury or 264 
death (Long et al., 2015). Thus, the safety helmet is the most crucial form of PPE on the construction site. However, 265 
most of the current research focused on analyzing such unsafe behavior from the archival data (i.e., accident reports 266 
and accident data). It may lead to the retardation phenomenon as a consequence of solely using accident reports in 267 
research (Nadhim et al., 2016). Data relating to the use of safety helmets on construction sites can be used to estimate 268 
the working hours of construction workers and analyze their unsafe behaviors. Thus, it is necessary to establish a 269 
platform for collecting quantitative data (i.e., whether construction workers have worn a helmet or not) in a convenient 270 
and timely manner but without interrupting their normal working activities.  271 

 272 

In previous studies, several reporting systems have been used for record use of personal protective equipment. For 273 
example, use automated identification (ID) and information technologies (IT) to design a mobile RFID for checking 274 
the use of PPE by workers(Kelm et al., 2013); and Barro-Torres et al. (2012) developed an advanced cyber-physical 275 
system (CPS) to check in real-time the PPE worn by workers based on an architecture composed of a wireless local 276 
area network and a body area network. With these, Radiofrequency (RF)-based technologies, such as RFID and GPRS, 277 
are popularly adopted in recording and uploading the data currently collected in safety helmets. 278 

4.1.The principle of Eye on Project (EOP) 279 

 280 
Eye on Project (EOP) is an innovative technological tool which is designed to track the helmet use behavior on time. 281 

It is developed by the Smart Construction Laboratory (SCL) of the Hong Kong Polytechnic University (Li et al., 2017). 282 

The Eye on Project developed in this study is comprised of two major parts: (1) a Bluetooth endnote device, and (2) a 283 
data collector with a low-power Bluetooth protocol. The Bluetooth endnote device with a coin cell battery is attached 284 
to the inside shell of the safety helmet and is connected to a silicone single-point button placed on the sweat pads of 285 
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the safety helmet. Detection of safety helmet use occurs when the button is lightly touched. In this way, the device can 286 
capture the period when the helmet is worn and store such quantitative data in its main memory for regular transmission 287 
to the server. 288 

 289 

The key components of the safety helmet and the architecture of the EOP are shown in Figures 4 and 5, respectively. 290 
The data collector can be fixed in any place and is mainly used to establish an automatic connection with the device, 291 
read the data stored in the device, and then transmit the data to a server by network or GPRS. Under normal 292 
circumstances, the auto-connection between the device and collector can be established due to the extensive 293 
communication coverage of low consumption Bluetooth. The process is endless. When data appears in the memory of 294 
the device within the scanning range, the collector reads and uploads data successively. It then re-scans continuously 295 
until the next broadcast is within scanning range. In order to negate the effects of false touches, an exception is made 296 
when a connection of only a few seconds is sensed. 297 

 298 

Figure 4. Two key components of the safety helmet 299 

 300 
 301 

Figure 5. The framework of the EOP 302 
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4.2. Data collection and analysis 303 

The experiment was conducted at the construction site of a housing project in Shenzhen, China to validate the 304 
cause-and-effect relationships between non-helmet use behavior and safety climate on the construction site. For 305 
brevity, the term ‘non-helmet use’ in this paper denotes workers neglecting to wear safety helmets in situations where 306 
their use is mandatory. The floor area and the construction period of the project are 44481.2 m2 and 32 months, 307 
respectively. The implementation of the experiment has two major tasks. First, the parameters in the SD model were 308 
assigned based on the regression analysis on the quantitative data collected from a questionnaire survey. The next step 309 
is to validate the SD model in real applications, and analyze the systematic cause-and-effect relationships between 310 
non-helmet use and the three construction levels with the EOP. The participants consist of 13 group managers and 91 311 
construction workers, including cementer, steel fixer, crane operator, form fixer, and scaffolder. The questionnaire 312 
focuses on the safety perception, worker’s attitude towards safety, worker’s attitude towards production, work pressure 313 
and safety climate. The 13 group managers were only requested to fulfill the second part of the questionnaire (i.e., the 314 
manager’s attitude towards safety). Other variables in the SD model were retrieved from the subdivision work’s 315 
historical data from the project data and literature. For example, according to (Bird and Germain, 1996), only one 316 
serious injury and ten minor injuries resulted from 600 near-miss incidents. The final correlation coefficients among 317 
the mentioned variables in the model were obtained by using the statistical software SPSS ver.21.In order to validate 318 
the causal relationships of non-helmet use behavior, a one-week demonstration was conducted on a real construction 319 
project with five workers and two managers. 320 

 321 

The questionnaire survey involved a variety of project goals, safety climate dimensions, and individual variables, using 322 
such data collection methods as project reports, surveys, and interviews. Worker’s safety perceptions, safety, and 323 
production attitudes (at the individual level), the attitude of managers to safety, safety training, safety communication, 324 
and work pressure (as components of cost pressure of project-level variables) were examined for their inter-correlations 325 
and to understand the causal feedback processes involved in non-helmet use behavior. Quality goals were not taken 326 
into consideration as they are difficult to measure over short periods. 327 

 328 

To measure individuallevel variables, worker’s safety perception, attitude towards safety, and attitude towards 329 
production were obtained by questionnaire on a 5-point Likert scale ranging from 0 (not agree) to 5 (well agree). The 330 
questionnaire was distributed to workers during safety meetings at the beginning of each day of construction work. 331 
The responses were converted into fractions by dividing by five, and the final score was converted into a percentage. 332 

 333 

The data relating to safety climate comprises of two sections: the questionnaire survey of the attitudes of both managers 334 
and workers towards safety, and the observation and calculation of other components (e.g., safety training, safety 335 
communication, safety inspection, and work pressure). Regarding the survey of the effectiveness of leadership 336 
attitudes, the two managers responded to the same questions as those posited to the workers. Safety training, safety 337 
communication, and safety inspection were tested independently, each being evaluated within the total number of labor 338 
hours. As with safety training records, the number of safety training hours on site was also recorded and converted into 339 
a percentage unit by dividing by the total number of labor hours. Safety communication was measured by the number 340 
of hours of daily meetings and was also converted into a percentage unit, and safety inspection was presented as the 341 
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percentage of estimated inspected time to the total number of labor hours. The summary statistics are provided in Table 342 
1. 343 

 344 
Table 1. Summary of safety climate components and non-helmet use behavior 

Variable Mean (std dev) 

Safety perception (%) 73.85 (0.090) 

Worker’s attitude to production (%) 63.21 (0.098) 

Worker’s attitude to safety (%) 70.50 (0.045) 

Manager's attitude to safety (%) 67.14 (0.046) 

Safety training (%) 3.31 (0.004) 

Safety communication (%) 3.44 (0.004) 

Safety inspection (%) 4.51 (0.012) 

Non-helmet use behavior (number) 0.89 (0.298) 

 345 

Project data consists of both planned and actual cost and production per day as recorded in the demonstration unit. The 346 
productive pressure is calculated by dividing the actual production (i.e., cost and time) per day by the planned 347 
production per day. As summarized in Figure 6, there is a growing tendency of both cost pressure and time pressure in 348 
early times. The cost pressure increased faster than the time pressure. Both cost and time pressure drop after reaching 349 
their respective peaks, indicating a nonlinear behavior. 350 

 351 

Figure 6. Daily cost and production pressure over the demonstration period 352 

4.3. Model validation test 353 

The model is validated by comparing its predictions of the rate of non-helmet use behavior with actual data collected 354 
from EOP. It is revealed in Figure 7 that there is a similarity between the simulated and actual rate of non-helmet use 355 
behavior per worker during one day. According to Sterman (1984), a validation test is used to analyze and decompose 356 
the sources of error. The validation test involves the use of the Mean Absolute Percentage Error (MAPE) for prediction 357 
comparisons (Martin and Witt, 1989), with 358 
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where 𝑁𝑁 is the number of days of non-helmet use records (𝑡𝑡 = 1, … ,𝑛𝑛); 𝑆𝑆𝑡𝑡 is the simulated value at time 𝑡𝑡, and 360 
𝑀𝑀𝑡𝑡is the actual value at time 𝑡𝑡 . 361 

 362 

Figure 7. Simulation results over time: comparison between simulated and actual data 363 

The range of MAPE can be used to classify the model’s predictions, with less than 10 percent denoting ‘high accuracy,’ 364 
10-20 percent ‘comparable accuracy,’ 20-50 percent ‘reasonable accuracy,’ and higher than 50 percent ‘low 365 
accuracy’(Martin and Witt, 1989, Lewis, 1982). In this case, with a MAPE of 17.80%, the model is taken to predict 366 
workers’ non-helmet use behavior with at least a reasonable level of accuracy. 367 

 368 
5. Simulation results under different management strategies 369 

The model aims to determine the policies needed to prevent non-helmet use behavior in order to improve 370 
construction safety and reduce the rate of on-site incidents. This aim is achieved by investigating whether the 371 
components of the safety climate can mitigate production pressure. Figure 8 demonstrates the variation of safety 372 
climate level and the number of non-helmet use behavior. The safety climate level initially decreases due to increasing 373 
productivity pressure (Figure 6). However, this decreasing tendency is immediately reversed due to an apparent 374 
decreasing productivity pressure and a potential self-reinforcing mechanism resisting external corrosion. The non-375 
helmet use behavior, as a measure of safety performance, is apparently influenced by the safety climate level and 376 
exhibits a negative dependence. Hence, the time and cost pressures reduce the safety climate level and lead to negative 377 
attitudes towards safety by increasing the probability of non-helmet use behavior. As a result, safety training, safety 378 
communication, safety inspection, and the attitudes towards safety of both managers and workers are in turn 379 
jeopardized by this ‘safety climate decrement’, as it is only by improving safety climate that workers can be induced 380 
to increase their use of safety helmets. This phenomenon leads to a downward spiral of helmet misuse-safety climate 381 
that can only be mitigated by management intervention in the form of correct strategy selection. 382 

 383 

0.3594

0.7054

0.9886

1.2056 1.1936

0.989

0.8135

0.2

0.6

0.8

1.2 1.2

1

0.8

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1 2 3 4 5 6 7

N
um

be
r o

f N
on

-h
el

m
et

 U
se

 B
eh

av
io

r f
or

 
Pe

r W
or

ke
r

Time (day)

Simulated data

Actual data

This author accepted manuscript is deposited under a Creative Commons Attribution Non-commercial 4.0 International (CC BY-NC) licence. 
This means that anyone may distribute, adapt, and build upon the work for non-commercial purposes, subject to full attribution.  

If you wish to use this manuscript for commercial purposes, please contact permissions@emerald.com.



 384 
Figure 8. Changes of non-helmet use behavior and safety climate 385 

 386 
Sensitivity analysis is used to determine the impact of changes in both parameters and strategies on outcomes, and 387 
helps to understand the dynamics of real systems(Breierova and Choudhari, 1996).In order to understand the effects 388 
of production pressure on the components of the safety climate under different strategy regimes, the impacts of the 389 
variables involved are analyzed by altering their weights in the SD model. 390 

 391 

Previous work by (Zohar, 2002) used principal component analysis to classify the impact of safety climate, resulting 392 
in the identification of three factors: Preventive Action (PA), Reactive Action (RA), and Prioritization (P). To 393 
investigate the effects of these factors by the SD model, five strategies were further developed as shown in Table 2. 394 
Strategy 1 assumes default values and the simulation result is taken as a benchmark; Strategy 2 and Strategy 3 reinforce 395 
the PA and RA respectively; Strategy 4 prioritizes safety climate increment (e.g., safety training, safety 396 
communication, safety inspection) over safety climate increment as work pressure; while, for comparison, Strategy 5 397 
prioritizes project production goals over safety goals. 398 

 399 

 400 

Table 2. Parameters of the five safety climate strategy 

Components Strategy1 
(Benchmark) 

Strategy2 
(PA) 

Strategy3 
(RA) 

Strategy4 
(P1) 

Strategy5 
(P2) 

Safety training  1 1.5 0.5 1 1 

Safety communication  1 1.5 0.5 1 1 

Safety inspection  1 0.5 1.5 1 1 

Manager's attitude towards safety  1 0.5 1.5 1 1 

Worker's attitude towards safety  1 0.5 1.5 1 1 

Safety climate increment weight 1 1 1 1 0.5 

Safety climate decrement weight 1 1 1 0.5 1 
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Execution of non-helmet use behavior Strategy 5
Execution of non-helmet use behavior Strategy 3
Execution of non-helmet use behavior Strategy 1
Execution of non-helmet use behavior Strategy 2
Execution of non-helmet use behavior Strategy 4

 401 

Figure 9. Result of sensitive analysis of safety climate strategies  402 

 403 

The SD model’s predicted outcomes for the five strategies are shown in Figure 9, with all strategies producing 404 
increased non-helmet use behavior of up to 4-5 hours of the day, and then diminishing after that. Strategy 4 is the most 405 
effective strategy, underlining the importance of a positive safety climate to show that safety prioritization reduces the 406 
rate of non-helmet use behavior. This is followed by Strategies2 and 1, indicating preventative action (safety training 407 
and safety communication) to be the next most significant strategy in preference to reactive strategies. On the other 408 
hand, if production is prioritized for the whole project, the rate of non-helmet use behavior increases significantly, 409 
especially during periods of increased work pressure. 410 

 411 

6. Conclusions 412 

The construction industry is regarded as one of the most hazardous industries, with one of the highest accident rates 413 
resulting in both direct and indirect economic loss. As one of the serious injuries, head traumas have attracted extensive 414 
attention from society. These injuries are often simply caused by not wearing a safety helmet, but the reasons for such 415 
unsafe behavior are not yet well understood. Despite the great importance of helmet use, effective methods to reduce 416 
non-helmet use behavior on construction sites are still premature. This paper presents a system dynamics (SD) model 417 
to understand the feedback mechanisms involved in the non-helmet use behavior under positive actions (i.e., safety 418 
training, communication, and inspection) and negative impacts (i.e., production pressures, workplace stresses) in 419 
construction sites. Using the data collected from the Eye on Project, the proposed SD model can be calibrated for 420 
simulating the influence of safety climate and productivity pressures on the helmet in construction sites. The major 421 
findings are as follows: 422 

1. This paper explored the causes of helmet misuse within the project, management, and individual levels, instead 423 
of the simple consideration of individual or organizational factors adopted in previous research. Using a SD approach, 424 
the major cause of non-helmet use behavior is the high workplace stress, which will lead to a decline in safety 425 
awareness, and further result in a low rate of using the helmet in the construction site. 426 

 427 

2. The SD model illustrates the dynamic and interactive relationships between safety climate and non-helmet use 428 
behavior in feedback loop diagrams. After model calibration, it is demonstrated how the positive safety climate can 429 
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improve safety performance. Specifically, the proposed model demonstrated that regular on-site safety training and 430 
maintaining effective safety communication between managers and workers prevent safety awareness from erosion. 431 

 432 

3. The developed SD model is able to identify appropriate strategies for safety improvement in construction sites. 433 
By tuning parameters in the system dynamics model, managers can find the optimal strategy that can effectively reduce 434 
the expected unsafe behavior and minimize human injuries and economic losses. The simulation result proved, in a 435 
quantitative way, that fostering a positive safety climate is beneficial to reducing the non-helmet use behaviors.  436 

 437 

Through investigating the relationship between safety climate under workplace stress and non-helmet use behavior, 438 
this study not only provides an effective method for identifying factors related to unsafe behavior on construction sites 439 
but also reduces the gap between systems theory and its application to construction practice. The proposed tool for 440 
quantitatively evaluating the number of individuals non-helmets use behavior on construction sites also overcomes the 441 
deficiencies of the traditional qualitative methods used in previous studies. The empirical and simulation results can 442 
also be used by project managers to improve safety climate and stipulate safety rules on construction sites. 443 

 444 

 445 

 446 

 447 

 448 

 449 

 450 

 451 

 452 

 453 

 454 

 455 
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 457 
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 465 
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