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Developing a Virtual Safety Training Tool for
Scaffolding and Formwork Activities
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Semra COMU?

ABSTRACT

As occupational accidents usually occur due to unsafe human behaviours in the construction
industry, safety training is inevitably necessary for site personnel. On construction sites,
various training methods including traditional and innovative ones, have been adopted to
prevent accidents. In recent years, virtual safety training has been more prevalent because of
providing highly engaging practice in a risk-free environment. Although these training tools
have innumerable advantages in providing safety knowledge and awareness, they can be
further improved. This study introduces a virtual safety training tool, V-SAFE.v2, to provide
a more reliable and effective safety training for high-risk construction works. V-SAFE.v2
consists of three main modules; i) Training Module, ii) Testing Module 1, and iii) Testing
Module 2. These modules are generated firstly to provide safety training for scaffolding and
formwork activities and then to evaluate the safety performance of the trainees. An
experiment was conducted with fifteen construction workers and ten engineers to measure
the effectiveness of the training tool. The findings showed that V-SAFE.v2 is a reliable safety
training tool for high-risk construction tasks as it supports collaboration, provides individual
feedback, and repeatable practice. Also, the participants stated that V-SAFE.v2 has a great
potential to reduce the falling from height accidents in the construction workplaces.

Keywords: Occupational safety, training, serious game, scaffolding, formwork.

1. INTRODUCTION

Due to the heavy work environment and complex tasks involved, construction sites have
become one of the most hazardous workplaces. Statistics also show that the construction
industry has the highest rate for occupational fatalities and injuries all around the world.
There are approximately 60.000 occupational deaths in the construction industry every year
[1]. According to the report of Bureau of Labor Statistics, while 5.5% of total workers are
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employed in the construction industry, the fatality rate of construction works is
approximately 20% in the U.S, which is higher than other sectors [2]. Such rates clearly show
that construction sites have poor working conditions in terms of occupational safety and
health. Despite giving more attention to safety issues for the last years, the number of
construction accidents remains high. Therefore, there are high debates and concerns about
the root causes of accidents in the construction industry. It is highly emphasized that human
behaviour is one of the most important factors in occupational fatalities and injuries. Haslam
et al. [3] noticed that 70% of the accidents occur due to unsafe behaviour of workers on
construction sites, which shows the role of human factors in accidents. Besides, Guo and his
colleagues [4] also stated that most of the accidents occurred because of inadequate safety
consciousness of workers during the construction tasks. To eliminate such human-based
problems, it is a well-known fact that safety training is the most efficient method. However,
the effectiveness of safety training is another crucial point in the construction industry. Thus,
alternative training techniques should be developed and provided to increase the reliability
of safety training.

2. BACKGROUND

As known, construction works are very dangerous and carry a high risk for workers. Thus,
the attitudes of workers during complex tasks might have catastrophic consequences on
construction sites. In most of the previous studies, the significant correlation between unsafe
human actions and construction accidents is highlighted [5-7]. For instance,  Kale et al.
[5] found that the factor of unsafe human activity is one of the most crucial root causes of
occupational accidents in the construction industry. Moreover, the role of the human factors
in construction accidents are indicated in a previous study [6]. According to the results of a
previous study [7], the safety performance of the workers plays a major role in occupational
accidents. In addition to unsafe human behaviour, the lack of appropriate safety training is
one of the most important factors contributing to high fatality in the construction industry
[9]. Previous studies in the field of construction safety emphasize that training is the most
efficient human-based prevention method and should be provided to the construction workers
[9-12]. Abdelhamid and Everett [9] suggest a relation between failing to identify unsafe
conditions and worker training. Similarly, another research [12] found that worker actions
were the main causal factor in accidents. In this context, Zhao and his colleagues [11]
investigated the causes of electrocution in the U.S. construction industry. They [11]
concluded that unsafe worker behaviour is the main cause of electrical fatalities and injuries.
Tam and Fung [10] argue that behaviour-based safety training method has significant
potential in reducing tower crane accidents. Therefore, an improperly trained worker may not
be able to recognize the potential risks associated with construction works and avoid risky
behaviour. Hence, more emphasis has recently been given to providing effective and
adequate safety training to improve the safety performance of construction workers. Safety
training methods can be grouped as 1) traditional safety training programs and, ii) advanced
technology-enabled safety training methods, to reduce the number of injuries and fatal
accidents in construction workplaces.
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2.1. Traditional Safety Training Methods

Until recently, safety training was generally provided by traditional methods in the
construction industry. Zhao and Lucas [13] classified traditional safety training methods into
three main categories; a) classroom training b) on-site training c) safety meetings. During
classroom training, safety knowledge is just transferred only through videos, presentations,
and guides. On the other hand, the employees are trained through practical applications such
as the use of real tools, machines, and equipment in the on-site training method. Finally,
safety meetings are held by providing presentation slides, videos, and weekly talks on safety
issues encountered at construction sites [13]. Several studies provided traditional training
methods to improve the safety performances of workers [14-15]. Jeschke and colleagues [14]
developed a toolbox-training program aimed at improving the quality of collaboration
between the project personnel on safety issues during the construction phases. The
researchers used the classroom training method and 57 construction workers participated in
the safety training program. A questionnaire and interview were conducted with the
participants to understand the applicability of such a training method. Based on the
assessments, they found that the toolbox meeting program of the trainees was beneficial and
positively influenced daily work processes in terms of safety. In another study by Hinze [15],
traditional safety training programs have been proposed to reduce accident rates in the
construction industry. The researcher analysed major construction sites where safety training
was provided based on the regulations of the Occupational Safety and Health Administration
(OSHA). The results of the study show that the safety performances of large construction
companies are significantly better concerning the general construction industry because of
providing OSHA safety regulations [15].

On the other hand, several studies [16-17] show that traditional safety training methods are
not as effective and reliable as desired. Such off-site training methods do not provide
sufficient practice to experience intensively real working environments. Besides, the trainees
are usually passive and bored during traditional training, which has a significant negative
impact on their motivation [16]. As stated by Li et al. [18] an on-site training method could
be an alternative solution to address the inefficiency of traditional safety training methods.
Nevertheless, it is not widely preferred because it is time-consuming, expensive, requires
special equipment, and carries real accident risks for trainees. Thus, today the majority of
safety training has been delivered in classrooms through written documents, presentations,
videos, and safety meetings at the construction sites. Due to the deficiencies of current safety
training methods, recent studies have focused heavily on advanced technology-based safety
training tools to improve the efficiency of safety training programs.

2.2. Serious Games for Advanced Technology-Enabled Safety Training

Recently, computer-based safety training tools have been more attractive in the field of
construction safety to enhance the safety culture of employees. Especially those based on
game-engine are more effective in developing safety knowledge and raising risk awareness
due to providing interactive engagement and a risk-free environment [18]. Accordingly,
construction safety training tools have been developed in recent years by using game
technologies called serious games.
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Serious games, a type of computer game, are designed to address real-life problems rather
than entertainment goals [19]. Mertens et al. [20] stated that a serious game or game-based
education integrates learning, games, and simulation components. Through the use of serious
games, players can perform scenario-based tasks collaboratively and develop safety
knowledge in simulated workplaces. Another advantage of serious games is that trainees can
perceive the direct results of their activities on virtual platforms without experiencing their
real impacts [21].

To date, serious games have been utilized for safety training in different areas such as aviation
[22], medical [23], and military [24]. Also, game engine-based safety training tools have been
widely utilized for construction tasks. They were developed for different application
purposes including, hazard identification [25-27] delivering instructions for construction
methods [28] and occupational safety training [29-30]. Pedro and his colleagues [27]
introduced a game engine-based training tool that enables us to identify potential construction
site hazards in a virtual environment. The training tool titled VSES consists of three different
parts; a) Safety and Hazard Lecture b) Hazard Identification Game and c) Student Evaluation
and Assessment modules. The first module was developed to support students to acquire
safety knowledge and raise awareness of workplace hazards. The purpose of the second
module is to allow virtual construction sites to be experienced and to identify the construction
site risks introduced in the first module. The third module was designed to evaluate
participants according to their safety performance. Fang and Teizer [29] presented a multi-
user serious game that provides interactive safety training for crane operators. In this study,
there are great efforts on developing an actual construction site conditions and simple game
logic that can effectively train crane operators. They proposed a novel approach for crane
operations to prevent accidents caused by blind points. One crane operator and a signalling
person play together to lift loads safely from one place to another. The crane operator works
in collaboration with the signalling player who warns the crane operator for blind points
during the hoisting operation in the virtual environment.

Studies in the field of construction safety have confirmed that the usage of serious games
provides important opportunities for trainees to develop safety knowledge and meet desired
training objectives. Moreover, such previous initiatives prove that game-based training
methods are more reliable and effective than conventional methods for construction works.
However, there are still deficiencies in serious game-based training in terms of presenting all
real construction site dynamics.

2.3. Scaffolding and Formwork Accidents

On construction sites, falling from height is the main cause of high fatality rates worldwide.
For example, fall-related occupational deaths account for about 39% of all construction fatal
accidents in the U.S [31]. This type of catastrophic accident occurs to a large extent during
the use of temporary structures such as scaffolds [7, 32] and formworks [33]. Although
diverse tasks are performed in the construction industry, 65% of such works are carried out
by using scaffolding or such temporary structures [34]. Also, formwork is another common
type of work for concrete structures. Therefore, there are many concerns about accidents
related to the scaffolding [35-36] and formwork construction [37-38] to reduce accidents.
Giircanlt and Miingen [36] classified the main causes of incidences in the Turkish
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construction industry. They revealed that the falls from scaffolds and roofs (54%) and falling
objects (12%) were more likely to be encountered in the construction workplaces. Rubio-
Romero et al. [31] investigated the safety conditions of scaffolds and evaluated 105 scaffolds
installed at construction sites in Spain. The results of this study demonstrated that the general
safety condition of non-standardized scaffolds is poor in terms of using anchor-tie, base
plates, and walking platforms. Lopez-Arquillos et al. [38] evaluated the riskiest activities in
vertical concrete formwork construction, such as columns and walls. According to the results,
formwork construction, climbing ladders, and handling an object during the construction
process were the highest risk activities for workers. Based on the literature review, it can be
concluded that both scaffolding and formwork activities have a crucial role in common types
of accidents, such as falling from a height, scaffold collapse, and falling objects. As a result,
effective and reliable safety training methods are needed to prevent such accidents related to
scaffolding and formwork construction.

2.4. Requirements of Safety Training Tools

Although serious games have been utilized as safety training tools in the field of construction
safety, the reliability, applicability, and effectiveness of these tools can be further improved.
For example, Zhou et al. [39] stated that only a few studies were conducted specifically for
certain tasks such as working at height. Even though falling from height is one of the most
prevalent accident types in construction sites [41], there are only a few serious game-based
safety training tools that support working at height or similar construction tasks (e.g. [40,42]).
Also, although many construction safety studies have concentrated on general safety training
process (e.g. [30, 43]) and equipment operation (e.g. [29, 45]), the limited number of research
(e.g. [27]) integrated a potential accident scenario in the game engine-based training tools.

Virtual safety training tools should enable participants to experience the consequence of their
actions. When they make a mistake during the training, an accident should have occurred,
which provides a more realistic experience of fatalities or injuries. Another important aspect
is the collaboration between the workers during the construction activities. It is a well-known
fact that the construction tasks require high interaction among the crew members. Hence,
previous studies on safety training tools [18] and occupational accidents [3] recommend that
future game engine-based training tools should be heavily built on collaborative tasks to
improve the teamwork culture. In addition, the tools should not only focus on a sequence-
based training process but also provide a behavioural improvement related to the use of
Personal Protective Equipment (PPE), which is another common problem at construction
sites [3]. Another key problem is that the existing game engine-based safety training tools
have not been adequately tested by using actual construction workers. Zhou et al. [39] stated
that user-friendly components should be embedded in training tools and easily practiced with
real construction workers. These limitations indicate a high demand for multi-user, serious
game-based safety training tools including accident scenarios on specific construction tasks
to achieve more effective and realistic training objectives. In addition, they should be tested
with real construction workers and received feedback from them about the safety training
tool. For these reasons, this study aims to develop and test a serious game-based safety
training tool to meet the requirements of serious games on construction safety training.
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3. RESEARCH METHODOLOGY

This study introduces and tests the second version of a serious game-based safety training
tool, called V-SAFE.v2, for scaffolding and formwork activities. The first version of V-
SAFE was developed to simulate the tower crane operations in the construction sites [46]. In
the research methodology section, the scenario development process for scaffolding and
formwork tasks is initially explained, and then the general functions of the safety training
tool are introduced. After that, the modules of V-SAFE.v2 are described in detail. At the end
of this section, a case study is conducted to understand the effectiveness and applicability of
V-SAFE.v2 with actual construction workers and engineers.

3.1. Scenario Development for Construction Tasks

The game engine-based safety training tool, V-SAFE.v2, incorporates a novel and more
realistic scenario aimed at meeting the requirements of serious games for safety training. V-
SAFE.v2 consists of construction activities, particularly related to scaffolding and formwork
construction. For example, the scenario offers training opportunities on wearing a hardhat,
using a safety harness, installation of guardrails and catwalks, and locking the pins during
formwork and scaffolding construction. In general, the frequent root-causes of incidents are
related to such activities at construction sites [5, 47]. Therefore, the common unsafe work
systems leading to serious accidents and affecting overall construction workflow were
included in a single scenario. The scenario steps in V-SAFE.v2, consisting of the H-Frame
scaffolding system and the concrete column formwork, are shown in the following flow chart
(Figure 1).

In the scenario, trainees are initially directed to the storage area where they can get standard
PPEs such as gloves, glasses, hardhat, lanyard (Figure 2). The participants are then asked to
go to the material storage area to pick up the necessary materials such as a toolbox, H-frames,
base plates, plywood, pins, set of diagonal bars for scaffolding and formwork tasks.
Afterward, participants perform scenario-based construction tasks during the training
process. Finally, after completing all tasks, the trainees are ready to work at height (Figure
3).

3.2. System Architecture of V-SAFE.v2

V-SAFE.v2 was developed based on the Unity 3D game engine introduced by Unity
Technologies. The Unity 3D game engine allows developers to create a virtual and multi-
user interactive gaming platform by using appropriate 3D images, which makes it one of the
most suitable environments for serious games. Moreover, SCORM is utilized to create a
Learning Management System (LMS) platform in V-SAFE.v2 as it is the most widely used
e-learning standard. LMS is a widely used online platform for e-learning and provides
monitoring of a training or education process. Besides, Recording System (RS) is another
crucial component in V-SAFE.v2. It is possible to record the safety performance of
participants and publish a trainee’s performance report for each construction task via LMS
and RS. The recorded data on safety training performance is always available for trainers in
the cloud-based platform. The LMS and RS are automatically enabled for each player when
they sign in the safety training platform. V SAFE.v2 has both single-player and multiplayer
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facilities, and SCORM is compatible with both single-player and multiplayer games.
Therefore, it is available that all users together can receive training on a single platform
(Figure 4).

[ Start of V-SAFE.v2 Training ]
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The training and testing processes of V-SAFE.v2 are designed for three users, but the number
of participants can be increased. Participants are initially asked to select their roles from three
different options when they start the training session. V-SAFE.v2 uses a third-person
perspective to enable a better understanding of the scene. Also, the point and click mechanism
is preferred to provide a more user-friendly system. Moreover, the trainees can contact each
other to call for help and learn about the construction work process. The system also allows
fewer than three participants to receive training. In this case, other roles are supported by
autonomous agents known as a character controlled by computers. Autonomous agents can
fulfil construction tasks both in compliance and non-compliance with safety rules. They are
especially beneficial in providing a multi-user game environment when only a single
participant receives training. In addition, such non-playable characters are also utilized in
accident scenarios. V-SAFE.v2 has three different modules including; i) Training Module ii)
Testing Module 1 iii) Testing Module 2, as illustrated in Figure 5.

3.2.1. Training Module

In the training module, step by step instructions for scaffolding and formwork tasks and
highly engaging safety training is provided to the participants. Instructions and necessary
cautionary messages on how trainees should perform each task are shown before each step.
The integrated flashing objects direct trainees to the material storage or workplaces where
they should go in V-SAFE.v2. They solely click on the flashing places or objects, and their
avatars automatically move toward there. Besides, the trainees can walk through the virtual
construction site and explore their workplaces. While three participants can receive training
at the same time, only a single participant or two participants can also receive training with
the support of autonomous agents.

3.2.2. Testing Module - 1

Upon successful completion of the training process, the trainees can move on to the next part,
the Testing Module 1. The objective of this module is to assess the safety knowledge acquired
in the Training Module and evaluate the performance of trainees without providing any
guidance. In this module, the users have to make their decisions for each construction activity
in 60 seconds. If the player does not act in a given time, the system accepts that the activity
is not carried out, which may cause an accident based on the construction accident scenario.

In this first Testing Module, autonomous agents fulfil construction tasks in compliance with
safety rules. Therefore, autonomous agents do not cause any incidence in this module, which
is an important feature that allows observing only the individual performance of a real
participant.

3.2.3. Testing Module - 2

Only a single trainee with two autonomous agents can carry out the tasks in the Testing
Module 2. In this module, the autonomous agents could also exhibit unsafe occupational
behaviour and lead to an accident identified in the scenario. Autonomous agents randomly
cause an accident, according to predefined probabilities. The main purpose of this module is
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to provide trainees with accident experiences that may result in fatality or injury, even if they
have successfully carried out all construction tasks. Accordingly, the awareness of trainees
about occupational accident risks can be increased.

3.3. Identified Accident Types in V-SAFE.v2

Although there are various activities carried out on construction sites, some of them involve
risks that can lead to fatal or serious injury accidents. According to the report of BLS [48],
72% of total injuries and fatalities have occurred due to scaffold-related accidents in the US.
Among these accidents, falling from height and falling objects were found to be more
dangerous and more frequent than other accident types [31, 48]. Therefore, the common root
causes and incidence rates of these accidents were identified and included in the construction
scenario of V-SAFE.v2. For this purpose, we utilized a previous study by Whitaker et al. [47]
to understand the causes of scaffold accidents. Whitaker and his colleagues [47] examined
3096 construction accident reports on scaffolding to understand the root causes of such cases.
They classified the root causes of scaffold accidents as falling, collapsing, and falling objects
according to the frequency of occurrence. Accident probability was calculated by dividing
the number of accidents in each accident type by the total number of accidents. For instance,
the absence of guardrails or edge protection systems is a common reason for the falls from
height, which constitutes approximately 28% of the total scaffold-related accidents.
Similarly, the failure to lock the pins to connect the H bars as the most prevalent reason
causes about 30% of the scaffold collapses. Another major reason for falls at scaffolds is that
workers do not usually use lanyards when working on such temporary structures. In addition,
accidents when working on scaffolding are also caused by falling objects if workers do not
wear a hardhat. Accidents due to falling objects account for 13% of the total scaffold related
accidents (Table 1). Accordingly, if a trainee exhibits one of the unsafe behaviours, which is
the main cause of an accident, the relevant accident scenario is realized according to
calculated probability in V-SAFE.v2. On the other hand, the autonomous agents could
randomly cause identified accidents based on the probabilities shown in Table 1.

Table 1 - Root Causes of Scaffold Accidents

Root Cause of Accident Accident Type Ratio
Not Wearing Hardhat Falling Objects 13.5%
Absence of Guardrails Fall from a Height 28.5%
Not Locking Pins Scaffold Collapses 30.5%
Not Using Safety Harnesses Fall from a Height 27.5%
3.4. A Case Study

To evaluate the effectiveness and applicability of the game engine based safety training tool,
we tested V-SAFE.v2 with real workers and engineers. To this end, fifteen workers who work
at a height in the construction sites and ten civil engineers received training in V-SAFE.v2.
Since the main target of the case study is to observe the individual performance of
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participants, only the Training and Testing Module-1 were applied (Figure 6). The test
performance of each player was automatically scored via the LMS and provided for each
trainee at the end of virtual training.

Figure 6 - Application of V-SAFE.v2 with a worker

4. RESULTS AND DISCUSSION

A total of 25 participants (15 workers and 10 engineers) attended training sessions in V-
SAFE.v2. There are 13 different construction activities in the tool with certain scores
according to their risk levels. For example, tasks with a high risk of accidents such as using
safety harness and hardhat, and installing guardrails and pins, have higher weights for scoring
(Table 2). At the end of the simulation, the total score is calculated and normalized to 100 by
the LMS and presented to the players as feedback.

The participants who received safety training in V-SAFE.v2 showed high performance in the
first Testing Module. Almost all of the trainees received higher than 90 points (Table 2), and
the average testing score of all participants is around 97. The high-performance scores
indicate easy adaptation to V-SAFE.v2. Knowing that engagement or adaptation to a game
is a crucial indicator for its effectiveness (e.g. [19, 24]), we claim that V-SAFE.v2 provides
effective safety training. According to the performance results, six participants forgot to lock
the pins, which is a common reason for serious scaffolding accidents in real construction
sites, as stated by Whitaker and colleagues [47]. Like in a real construction site, forgetting
to lock the pins also leads to scaffold collapse in the virtual environment, and their training
session ended (Figure 7).

It should also be emphasized that most of the real workers either do not have any computer
game experience or they have very limited experience. Since the target audience of this safety
training tool is real workers, especially those who erect the scaffolds and carry out formwork
activities in construction sites, V-SAFE.v2 has been designed to be as user-friendly as
possible using point and click function, flashing objects and guiding texts. Moreover, the
participants can identify their deficiencies and weaknesses related to scaffolding and
formwork construction tasks based on the provided elaborate performance report. One of the
main contributions of this study is that the V-SAFE.v2 training tool has the potential to be
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convenient for all users, especially construction workers who are not familiar with computer
games and virtual technologies. It is emphasized by Zhou et al. [39, 49] that there is also an
implementation problem of the safety training tools developed in previous studies. Thus, we
propose that the easy applicability of V-SAFE.v2 overcome the implementation issue.

Table 2 - Construction Tasks in V-SAFE.v2
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Moreover, we also collected feedback on V-SAFE.v2 from the participants. Engineers
emphasized the effectiveness of V-SAFE.v2 in terms of time and cost-benefit in creating
safety awareness compared to on-site and classroom training methods. They also noticed that
V-SAFE.v2 involved complex and hazardous construction tasks in a realistic scenario flow
affecting the learning process. All of the participants agreed that the introduced system is
capable of filling various gaps in the field of construction safety training, especially for
working at heights activities and using PPE and safety harness. In addition, the workers
participated in V-SAFE.vs2 training sessions stated that learning safety components via
game-based safety training tools is more interactive and enjoyable compared to traditional
training methods (e.g., classroom meetings, presentations, and guides). They also pointed out
that such safety training tools do not require prior game or computer experience to receive
training in the virtual environment since V-SAFE.vs2 has user-friendly functions such as
click and point mechanism. According to the feedbacks from the workers, V-SAFE.vs2
provides invaluable opportunities to practice high-risk construction activities in a risk-free
environment. As in previous studies (e.g. [18, 45, 50], V-SAFE.v2 also enables players to
practice the construction tasks interactively in a risk-free environment. The serious games
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allow participants to make their own decision and virtually experience the consequences of
their actions as provided in this tool.

Zhou et al. [39] highlighted that effective and reliable innovative training platforms should
be available especially for high-risk activities that cause catastrophic accidents. V-SAFE.v2
meets this crucial requirement by integrating scaffolding and formwork activities. In the
literature, only a few studies (e.g. [51-52]) focus on the development of a serious game for
the specific construction tasks which require skillful activities of labors. Moreover, few
studies [27, 42] have considered integrating potential accident scenarios in the game based
safety training tools. In this regard, V-SAFE.v2 has this unique Testing Module feature where
the real accident scenarios take place. The use of guardrails and PPEs [3] is crucial to prevent
accidents on construction sites. An effective training tool should emphasize the use of all
these accident prevention elements, which are provided by V-SAFE.v2. Li and colleagues
[18] stated that safety training tools should simulate the real construction site dynamics, such
as the collaborative working environment. In this sense, V-SAFE.v2 offers a suitable
environment for construction tasks requiring collaboration.

The autonomous agents support V-SAFE.v2, which may lead to an accident in the Testing
Module 2. These non-playable characters are used in the first Testing Module to provide a
multi-user game environment when only a single participant receives the safety training. In
this way, it is easy to evaluate the individual performance of trainees without any external
influence during the testing stage. Although a single trainee performs all the tasks correctly,
he or she might be exposed to accidents due to the unsafe behaviour of the autonomous agents
in the Testing Module-2.

The construction workers have the responsibility to perform the construction tasks in
compliance with safety rules, not only for their safety but also for their crew. Therefore,
enabling collaboration in the virtual environment is crucial even though a single participant
receives training. Accordingly, they can experience the consequences of their actions for their
team members as well. To give an example, a real player who forgets locking the pins to
connect the H bars could result in scaffold collapse in the Testing Module 1. In such a case,
all workers on the scaffold fall from a height due to the wrong action of a team member and
have an accident together (Figure 7)

W
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Figure 7 - Scaffold collapse
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When the scaffold collapses, the training simulation ends, and participants are not able to
complete all construction tasks. Regardless of whether the team has completed the tasks, the
performance of each user is reported individually on the screen via the LMS (Figure 8).
Accordingly, the trainees can see their wrong actions and their consequences. Based on their
performance, a quantitative score is also calculated. All of these features are essential for
providing individual feedbacks and for the trainees to retain the acquired knowledge for a
long time.
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Figure 8 - Performance report of one player

In this way, trainees can develop an understanding of the occupational safety culture and
consciousness about accidents through a different perspective. It is also important to
highlight that the scoring system of V-SAFE.v2 is quite different from other safety training
tools due to the consideration of the risk levels of activities. The LMS automatically
calculates the performance scores of participants and provides detailed feedback at each step
in Testing Modules 1 and 2.

Although experiments have been usually conducted with students in many of the existing
studies [27, 30], we have utilized real construction workers and engineers to measure the
applicability of V-SAFE.v2 in this study. The main motivation behind this study is to develop
a user-friendly and game engine-based safety training for the construction industry. Thus,
even the construction workers who do not have any computer or gaming experience easily
adopted game-based training. An advanced serious game approach, consisting of high-risk
accident scenarios, multi-user interactive training platform, user-friendly properties, and
performance feedback reports, can have a significant impact on reducing human-induced
construction safety issues.

S. LIMITATION

Occupational safety and health issues are highly complex due to the working conditions of
the construction workplaces. Such complex, hazardous and dynamic conditions of the
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construction sites should be represented in the safety training tool. However, this study aims
to create a road map to develop a safety training tool by using serious games, not to develop
a commercial product. By using the knowledge gained through the development of V-
SAFE.v2, a need-specific and more comprehensive safety training tool can be developed. In
this study, we used the latest simulation technologies to understand how to design a highly
engaging and effective safety training tool for scaffolding and formwork construction.
Therefore, we recognize that this study has limitations, which suggest directions for further
research. First of all, V-SAFE.v2 could have a more realistic visual design to represent all
the construction site components. Providing real site conditions and including dynamic
factors of the construction workplaces are crucial to enable more reliable safety training to
the trainees. Accordingly, a more realistic visual design can help workers better visualize the
hazards before facing them on site. So, more emphasis can be given to the visual design of
the tool. Moreover, although the accident rates of the scenario in V-SAFE.v2 were calculated
based on a previous study [47], those rates can be easily revised concerning local conditions.
Therefore, in the current version of V-SAFE.v2, the weight of the accident scenarios focusing
on “improper behavior of the worker” and “PPE use” can be considered as another limitation
of this study. The experiments can be also carried out with a higher number of participants
to statistically evaluate the effectiveness of V-SAFE.v2, which is an important research
question. As future research, the effectiveness of serious game-based safety training tool
should be evaluated quantitatively. Moreover, the effectiveness of the developed game-based
safety training tool can be compared to traditional training methods in future studies. In
addition, since V-SAFE.vs2 has the opportunity of providing safety training for three
different trainees together in the same virtual environment. The impact of such interaction
between participants while performing construction activities on their safety performance
could be assessed in future studies.

6. CONCLUSION

Even though occupational health and safety issues are of great concern in the construction
industry, the training programs are not adequate to meet the actual demands of site safety
conditions. On the other hand, serious games have various benefits that have been proven to
provide a realistic and effective training environment for trainees. By using game
technologys, it is possible to simulate high-risk construction activities in a multi-user virtual
training platform. In this study, we introduced a game-engine based safety training tool called
V-SAFE.v2 for scaffolding and formwork construction. The main objective of this study is
to develop a more effective and reliable training environment consistent with real
construction site conditions. V-SAFE.v2 consists of Training Module and Testing Modules
in which the safety performance of participants is evaluated. A case study was conducted
with real construction workers and site engineers to assess the effectiveness of V-SAFE.v2.
The findings of the case study show that V-SAFE.v2 is effective and reliable in providing
highly engaging training for high-risk construction tasks. It is also highlighted by the
participants that the V-SAFE.v2 has a great potential to raise worker’s awareness and prevent
fatal accidents. In summary, conveniently developing safety knowledge is possible through
using serious games.
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