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Abstract 

Construction sites can be categorized as one of the 

most high-risk workplaces in terms of occupational 

safety. Previous studies indicate that highly engaging 

safety training tools mitigate on-site accidents. In this 

regard, virtual technologies are encouraged to be used 

in the development of the safety training tools in the 

construction industry since they provide visualization, 

multiuser interactions and task compatibility. In this 

study, we utilized a virtual safety training tool entitled 

V-SAFE.v2 which includes only scaffolding task 

sequence and framework installation processes. V-

SAFE.v2 is a highly engaging safety training tool 

which enable workers to collaborate with each other 

and gain safety knowledge in an interactive way. In 

this study, the applicability and efficiency of this 

training tool were examined at a real construction site. 

The experiments were conducted with seven 

construction workers. The effectiveness of V-

SAFE.v2 training on their safety knowledge was 

examined by a comparative analysis. According to the 

results, V-SAFE.v2 has a potential to increase 

awareness of the construction workers on the 

occupational safety issues.  

Introduction 

The construction industry is considered as one of the 

most dangerous industries due to its temporary and 

dynamic nature (Al-Humaidi and Tan, 2010; Fang and 

Wu, 2013). Statistics have shown that the number of 

accidents occurs in the construction industry is higher 

than any other industry (Eurostat). Mohammadi et al 

(2018) mentioned that even though the workers in the 

construction industry account for only 6% of total 

workers in other industries, the percentage of 

construction industry fatalities is 20%. Although, the 

percentage of fatalities is considered to be very high, 

this figure cannot be held against the fact that the 

construction industry is growing rapidly. Therefore, in 

order for the construction companies to show growth 

and progress in the industry, health and safety 

management should be given special attention.  

According to the occupational safety and health 

administration (OSHA) in the United States, there are 

about 65% of the construction industry workers work 

on scaffolds, and about 72% of the workers injured in 

scaffold accidents. Therefore, trying to protect these 

workers may prevent about 4500 injuries and about 60 

deaths every year (Bureau of Labor Statistics (BLS). 

High fatal and non-fatal accident rates of the 

construction industry are also a serious problem in 

European Union countries. According to Eurostat 

2016 database, a total of 3546 fatal accidents occurred 

in 28 European Union countries and around 21% of 

these accidents appear in the construction sector. 

Rubio-Romero et al. (2013) mentioned that 40% of 

construction site accidents in Spain caused by falling 

from heights, and about 30% of these accidents are 

caused by the falls from temporary construction 

devices such as scaffolds. There are many studies 

regarding the safety level of scaffolding equipment 

since it is considered as the major cause of falls from 

height accidents in the industry (Rubio-Romero et al. 

2013). Some studies show the risk involved when 

handling more loads on “suspended scaffolds” (Saurin 

and Guimarães, 2006) while another study ensures 

about the ergonomically unsuitable techniques when 

disassembling scaffolding (Cutlip et al., 2000). 

Another study conducted in Poland by Hola et al. 

(2017), includes a set of 177 on-site scaffolding 

accidents. The study shows that 43.5% of accidents 

resulting severe body injuries, while about 35.6% of 

accidents cause light body injuries (Hola et al., 2017). 

Therefore, falls from height accidents should have a 

high level of attention and proper training techniques 

should be implemented in order to improve the safety 

level in the construction industry. In this regard, the 

virtual environment is becoming one of the leading 

tools in the safety management field. It provides the 

workers a safe and easy way of learning. For this 

reason, the advantage of using virtual environments in 

the construction industry has fair attention and it 

should be implemented properly to reduce the number 

of fatalities and accidents occurring in construction 

sites. The purpose of this study is to test a virtual safety 

training tool with real construction workers in order to 

present the effectiveness and suitability of virtual 

environments. 

Background 

In recent years, virtual technologies are frequently 

used in many research areas related to occupational 
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safety, such as construction, aviation and medicine. 

Virtual environments enable users to experience real 

world components in a computer simulated 

environment (Lovreglio 2018). It is also widely 

accepted that 3D games encourage the participants for 

difficult and risky activity training and provide 

recalling knowledge for a long period of time (Chittaro 

and Buttussi 2015). For all these reasons, there are 

various virtual technology-based safety training tools 

that have been developed and used in the construction 

industry over the last decade. 

 

For example, Sacks and his colleagues (2013) 

developed a tool to identify workplace risks in the 

virtual construction environment. They conducted a 

study with 66 participants to test the efficiency of the 

simulation tool. The subjects were divided into two 

groups; one of them received traditional safety training 

by using 2D materials and the others were trained by 

the 3D immersive virtual environment to recognize the 

construction site hazards. According to the results, the 

second group trained in the 3D environment performed 

better in terms of identifying the workplace hazards. 

Guo et. al. (2012) conducted another study on safety 

training using virtual reality. In this study, the authors 

introduced and tested a multi-user safety training tool 

for dismantling a tower crane. In this study, project 

managers and crane operators used the game-based 

training tool and answered a survey related to both 

traditional and VR-based innovative training methods. 

The findings of the survey show that the crane 

operations will be safer and more efficient with the 

support of game-based training tools compared to 

traditional methods. Another study (Albert et. al., 

2014) focused on the virtual reality technology to 

improve the hazard recognition skills of construction 

workers. The researchers developed a high fidelity 

augmented virtual environment and tested its 

feasibility with 6 workers. After defining the initial 

knowledge level of all participants by conducting a 

paper-based test, they walked in the virtual 

environment to identify the workplace hazards. Then, 

the same written test was applied to the participants 

again. The empirical test results indicated the 

participants increased their performance by 27% after 

experiencing the virtual environment.  

Guo et al., (2016) compared the effectiveness of on-

site training and off-site training. They concluded that 

on-site training is inactive and may have clashes with 

other construction activities, consequently, overall 

construction productivity can be reduced by the 

application of on-site safety training. On the other side, 

off-site safety training is poor in terms of hands-on-

practice opportunity for construction workers. Virtual 

environment applications can ameliorate off-site 

hands-on-practice by mimicking real construction site 

therefore it can provide visualized information to 

trainees. Bhide et al., (2015) emphasize that virtual 

environment-based training is a bridge that closes the 

gap between learning by practice and learning in 

traditional classrooms. The same study also underlines 

that tracking the position and orientation of character 

according to reality is one of the main features of the 

virtual environment. 

Hallowell et al., (2016) confirms that virtual 

environment applications increased the ability of 

trainees to reconnoiter buildings and infrastructure 

prior to site implementation, thereby increasing the 

recognition of hazards through design. Researchers 

approve that initial training is one of the most 

important aspects of competence on a construction site 

(Cameron et al., 2011; Hatala et al., 2014). Training 

can be improved further by providing feedback which 

allows the modification or control of a process using 

its anticipated results or effects. Therefore, integrating 

feedback feature into virtual environment applications 

will increase the effectiveness of safety-training 

(Lawani et al., 2018).   

Even though many studies emphasize the advantage of 

using virtual environments in safety training, a limited 

number of studies clarify the role of virtual 

environments in scaffolding activities. Nadhim et al., 

(2016) mentioned that scaffolding activities are one of 

the major causes of falling-from-heights incidents. The 

study indicates that 23% of falling-from-height 

accidents occur during the assembling, disassembling 

or post-assembling activities of scaffolding. The same 

study points out that the second most serious cause of 

falling-from-height accidents depends on the learners’ 

experience, lack of education or knowledge level. 

Moreover, Sawacha et al. (1998) show that scaffolding 

activities are one of the main causes of construction 

risks. Therefore, proper safety training is crucial in 

reducing the risks associated with scaffolding 

activities (Sawacha et al., 1998).   

Research Methodology 

In this study, our main objective is to train the site 

workers against construction hazards during 

scaffolding activities by using a virtual environment-

based safety training tool. For this purpose, we utilized 

the second version of V-SAFE.v2 which involves only 

scaffolding activities. V-SAFE.v2 provides a realistic 

working space to its users and ensures that they are 

exposed to potential construction accidents in a risk-

free environment (Figure 1). Furthermore, V-SAFE.v2 

is very user-friendly with its point-and-click design; 

particular attention was paid to the ease of use, as it 

was developed for construction workers. 
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Figure 1: V-SAFE.v2 

 

V-SAFE.v2 

First of all, V-SAFE.v2 is supported by a cloud-based 

learning management system (Cloud LMS). By using 

Cloud LMS, the necessary information is stored and 

analyzed in the system. V-SAFE.v2 enables workers 

to be trained collaboratively through its multi-user 

feature. In real construction sites, workers 

communicate and interact with each other, therefore, 

in order for the tool to be efficient, workers should 

interact simultaneously during the training session. 

There are three different modules in V-SAFE.v2; i) 

Training Module, ii) Test 1 Module, ii) Test 2 Module. 

In each module, up to three participants can be trained 

simultaneously.  In the Training Module, V-SAFE.v2 

guides the participants and provides necessary 

information through written assistance and flashing 

objects. In other words, workers learn how to safely 

perform the scaffolding activities.  In Test 1 Module, 

participants perform the construction tasks without 

any guidance and the performance of each trainee is 

recorded automatically for providing feedbacks. The 

training tool can also be utilized by a single user, 

where the other two roles are controlled by an 

autonomous agent. The autonomous agents follow the 

right sequence of steps so that the software would be 

able to evaluate the individual worker performance. 

 Moreover, the Test 2 Module is also supported by 

autonomous agents which can perform the task 

incorrectly. Therefore, if the autonomous agent is 

selected in a way to act incorrectly, there will be an 

accident in Test 2 Module. Accordingly, all trainees 

could experience an accident that raises awareness of 

the consequences of catastrophic cases.  

Experiment Setting 

In this study, 7 construction workers participated in the 

experiments (Figure 2). The subjects were working in 

the roof installation team of a large-scale infrastructure 

project in Istanbul. The workers who built the roof 

assembly on the scaffold were experienced in the 

installation and dismantling of scaffolding.   

The experiment is divided into 3 major steps. In the 

first step, workers were asked to fill a questionnaire 

that contains questions regarding their background, 

age, ability to use computers, experience on computer 

games, and their expertise in the construction industry. 

They also responded to a paper-based exam containing 

10 multiple choice questions on scaffolding safety. 

Accordingly, the pre-training knowledge of workers 

on scaffolding safety is   determined. In the second 

step, workers used the Training and Test 1 Modules of 

V-SAFE.v2, so the individual training performance of 

each worker is evaluated. 

 

Figure 2: Experiment Participant 

 

After completing the testing part, workers received a 

performance-based feedback report (Figure 3). Once 

they successfully finish the V-SAFE.v2 training, they 

were again asked to respond to the same exam 

questions. Hence, their pre-training and post-training 

answers are compared. 

 

Figure 3: V-SAFE.v2 Feedback. 
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Results and Discussion 

A wide variety of construction activities incur site 

workers to hazards and scaffolding activities are one 

of the most dangerous construction activities. 

Therefore, ensuring safety on site is essential to keep 

workers away from hazard sources. In this respect, we 

aimed to develop an effective safety training method 

to simulate the scaffolding activities, which is an 

essential and common activity of almost all 

construction projects. For this purpose, we utilized the 

second version of V-SAFE, which involves only 

scaffolding activities.   

In order to validate the effectiveness of V-SAFE.v2, 

we conducted an experiment with real construction 

workers who perform construction activities on 

scaffolds. Using construction workers in such 

experiments is not a common practice, a great 

percentage of scientific experiments were conducted 

using students or engineers who are well educated. 

Yet, most of the construction workers are uneducated, 

therefore it is extremely important directly using 

workers to collect their feedback on the tool rather than 

using engineers or students. Fang et al., (2015) 

mentioned that lack of education and training are the 

major reasons behind the worker’s shortage of hazard 

recognition. Therefore, our research study is essential 

since we train workers and present their safety 

performance. 

As shown in Table 1, 7 construction workers were 

selected to perform the experiment, they have different 

ages, site experience, and duties. As shown in the same 

table, only two of them have not played a computer 

game before, while the other five workers have played 

computer games. We also gathered information about 

the computer games they played. Only three of them 

have played 3D games, while the other 4 workers had 

never experienced a virtual environment before. 

Table 1: Pre-test Questionnaire Results 

 

 

In the first stage of the experiment, a paper based 

multiple choice exam was conducted to measure the 

occupational safety and scaffolding knowledge of the 

field workers before the training. We prepared the 

exam questions based on the scaffolding safety 

guideline published by The Ministry of Labor and 

Social Security in Turkey.  In this test, the construction 

workers made an average of 5 mistakes in 10 

questions. Following the written test, field workers 

received a highly engaging safety training on 

scaffolding activities through V-SAFE.v2. After 

completing the V-SAFE.v2 training phase, 

participants proceeded to the Test 1 Module, where 

they performed tasks without any guidance or 

assistance from the system. Participants who 

completed the V-SAFE.v2 test module responded to 

the same 10 questions. According to the written test 

results, participants made an average of 2.86 mistakes 

in 10 questions after receiving a highly engaging 

safety training through V-SAFE.v2. We then 

compared the pre-training and post-training exam 

scores using paired t test. According to the analysis 

results, a significant increase was observed in the test 

scores. In other words, participants performed better in 

the written exam after the training. This corresponds to 

the outcome of a study (Guo et al., 2016) that claims 

virtual reality safety training leads to better results than 

conventional way of training. 

Table 2: Test Results (Pre-V-SAFE.v2 & Post V-

SAFE.v2) 

 

Cameron et al., (2011) discusses that training has a 

positive impact on trainees in terms of transforming 

theoretical information into reality. The experimental 

results also affirm that experiential learning is 

substantial in terms of scaffolding activities in V-

SAFE.v2. While participants could only answer half of 

the questions correctly, after training in a virtual 

environment, their safety knowledge is enhanced and 

the number of mistakes they made significantly 

reduced. Similarly, Hallowell et al. (2016) also 

showed that trainees are able to distinguish 

construction process sequences more clearly in the 

virtual environment.  Therefore, one can conclude that 

enhanced spatial knowledge representation through 
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virtual environment, enables greater opportunities for 

experiential learning.  

Conclusion  

To sum up, virtual technologies have been exceedingly 

used in the construction industry, however, a limited 

number of research has concentrated on using virtual 

environments for simulating scaffolding activities. 

These activities are common, complicated and expose 

workers to hazards, therefore, providing safety during 

scaffolding activities is essential. In the construction 

industry, virtual technology applications have been 

used in occupational safety in recent years. It is 

difficult for untrained construction workers without 

computer literacy to use complex safety tools based on 

virtual environments. However, V-SAFE.v2 is highly 

user-friendly, therefore the workers can perform the 

tasks without having any difficulty.  The results show 

that the simplicity of application is required to achieve 

the desired results. The development of workers' safety 

knowledge is the most important indicator of the 

functionality of having a simple interface in the 

training tool. Many studies pointed out the importance 

of hands-on-practice during safety training, however, 

construction companies still prioritize the traditional 

safety training methods, such as presentations, and 

lectures, in which it fails to provide hands-on-practice. 

In this sense, V-SAFE.v2 provides a great opportunity 

of repetitive practice in a risk free environment. An 

important limitation of this study is about the number 

of participants, which is quite essential in such 

experiments, more than seven participants are required 

to truly conclude that the findings are significant. 

Furthermore, the study does not compare conventional 

ways of training with virtual training methods, future 

studies are planned to include the comparison of both 

methods. Furthermore, due to the small number of 

participants, the multiuser capabilities of V-SAFE.v2 

were not utilized, however, the multiuser property has 

a high potential to increase the effectiveness of the tool 

in safety training. In a nutshell, in this study, we aim 

to train workers on scaffolding activities without any 

exposure to risk by using virtual environments. In this 

regard initial findings indicate that V-SAFE.v2 has a 

high potential in effective occupational safety training. 
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