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Abstract: Traditional safety training methods in construction, such as toolbox meetings and classroom
sessions, fall short of addressing the challenges faced by workers, especially migrant workers hindered by
barriers. The compliance-driven nature of safety management practices is identified as a core issue, often
disconnected from the realities of the jobsite. To tackle these limitations, we propose iSAFE-Education, an
approach harnessing Industry 4.0 technologies. By integrating Virtual Reality (VR) and Metaverse
environments into safety training, this platform immerses workers in authentic jobsite contexts using 360-
degree panorama images. Our method provides virtual walkthroughs, enabling workers to familiarize
themselves with site-specific features and safety protocols. Additionally, iISAFE-Education facilitates site
assessment and safety information sharing among project participants within the immersive jobsite
environment. This paper highlights the importance of hazard information delivery and positions this
solution as an answer for enhancing jobsite safety in contemporary construction settings.

Keywords: Industry 4.0, Virtual Reality, Metaverse, Safety Training, Construction, 360 Panorama,
Digital Twin, Artificial Intelligence, Safety Culture.

1. INTRODUCTION

The construction industry faces a significant safety training conundrum, with a gap between current
methods and the evolving challenges faced by workers ([1] ;[2] ;[3]). This is particularly evident in the
management of multinational workforces, where compliance, cultural differences, and worker welfare pose
complex challenges [4]. This paper examines the limitations of safety management practices, driven by
compliance and lacking in contextual relevance to construction scenarios. The prevailing compliance-
focused approach in construction safety creates a gap between knowledge and challenges on-site,
exacerbated by barriers for migrant workers. Standardized training methods often overlook nuances,
leaving workers ill-equipped to address safety risks. Recognizing these shortcomings, the paper advocates
for a solution, iISAFE-Education, which integrates Industry 4.0 technologies like Virtual Reality (VR) and
Metaverse to offer immersive, contextually relevant safety training experiences tailored to worksites.

The construction industry faces a challenge as its safety training methods fail to align with the realities of
the job site. Current practices prioritize documentation over application, resulting in a disconnect between
safety knowledge and on-site complexities. This issue is exacerbated for migrant workers, who encounter
barriers that hinder their understanding and implementation of safety protocols [5]. Additionally, the generic
nature of existing training neglects site-specific nuances, leaving workers ill-prepared to navigate job-
specific risks, ultimately increasing the potential for on-site accidents and injuries. Figure 1 illustrates the
existing safety management practices alongside their associated constraints and shortcomings.
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Figure 1. Current safety management practice and their limitations

To address industry shortcomings, a tailored safety training method is crucial, especially considering
challenges faced by migrant workers like barriers. Incorporating site-specific nuances can bridge theory
and practice, enhancing standards and workforce resilience. iSAFE-Education offers a solution by
leveraging Industry 4.0 technologies such as the Metaverse and Virtual Reality to enrich construction safety
training. Through 360-degree images, iISAFE-Education ensures application of safety knowledge on
worksites, aligning training with dynamics for a workforce.

The objective of this study is to utilize VR Immersion and Metaverse Integration to enhance safety
education in the construction industry by immersing workers in 360-degree construction site images and
leveraging the metaverse for communication, addressing language barriers, and providing culturally
relevant safety training for migrant workers.

2. LITERATURE REVIEW

The construction industry faces a significant safety dilemma due to the misalignment between existing
safety training methodologies and the dynamic challenges of the jobsite [6]. Current safety management
practices, which are largely compliance-driven, do not effectively address these challenges [7]. There is a
need for a shift towards education, training, and information dissemination to improve safety [7]. Another
study [8] suggests a multi-level approach to safety management, focusing on safety systems, skills,
leadership, and behavior. The industry should also consider proactive measures and leading indicators to
prevent accidents [9]. Effective safety-knowledge management strategies are crucial for adapting to the
industry's dynamic nature [10]. The role of individual and situational factors in safety practices should be
further explored [11]. Lastly, a work design perspective can provide practical measures to improve safety
[12]. A range of studies have highlighted the challenges faced by migrant workers in the construction
industry, particularly in relation to safety training. Language barriers and cultural disparities have been
identified as key impediments to effective safety communication and knowledge transfer ([5]; [13]; [14]).
These challenges are further compounded by the perception of safety and the use of coercive strategies [15].
To address these issues, a number of recommendations have been proposed, including the use of non-
technical skills in safety training [14], the consideration of cultural and attitude barriers [16], and the
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provision of mandatory safety training in multiple languages [17]. The role of occupational health nursing
in addressing these challenges has also been emphasized [18]. The construction industry's safety training is
hindered by a one-size-fits-all approach that fails to address site-specific nuances [13]. This approach is
further limited by the transfer of responsibility to contractors [19], and the need for a focus on safety during
the design phase [19]. Context-based assessment systems [20] and game technology-based safety training
platforms [21] have been proposed as potential solutions. However, the industry still struggles with safety
knowledge management [10] and insufficient safety education in curricula [22]. A range of studies have
explored the potential of virtual reality (VR) and metaverse environments in construction safety training.
These studies ([23] and [24]) highlight the potential of VR in engaging workers and enhancing safety
knowledge, but also note the need for further improvements. In addition, other studies, ([25] and [26])
emphasize the importance of experiential training and the benefits of VR in creating immersive and
interactive learning experiences. Meanwhile, other researches [27] and [28] further underscore the potential
of VR in simulating real-world construction scenarios and improving safety performance and, [29] and [30]
both propose innovative VR-based training solutions, with Acar focusing on e-learning and Chen on hazard
recognition. These studies collectively suggest that VR and metaverse environments have the potential to
revolutionize construction safety training, but also highlight the need for ongoing research and development
in this area.

3. THE PROPOSED SOLUTION

The iISAFE platform (Figure 2) integrates technology to enhance job-site safety, comprising components
such as iSAFE-Planning, iSAFE-Guard, and iSAFE-Incentive. iSAFE-Planning involves the placement of
cameras and sensors for risk assessment, while iISAFE Guard utilizes video-based Al and sensor
technologies for risk detection and monitoring. iISAFE-Incentive employs blockchain technology for data
integrity and incentivizes workers for compliance with safety protocols, promoting a safety culture. Central
to the system, iISAFE-Education offers safety education within a virtual environment that simulates
construction site conditions. This component prepares workers to identify and respond to hazards,
emphasizing the importance of safety practices by providing training through advanced immersive
technologies such as virtual reality and the Metaverse. The integration of technology with education by the
iSAFE platform aims to reduce accidents and enhance safety and efficiency on construction sites.
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Figure 2. iSAFE Platform
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3.1. iSAFE-Education Advancements

iSAFE-Education transforms education by seamlessly integrating virtual reality (VR) and metaverse
technologies. Offering an environment that reflects changing jobsite conditions, the platform efficiently
delivers safety education for trades and job types. Through content development, scenario simulations, and
interactions facilitated by metaverse integration, iSAFE-Education enhances hazard recognition skills and
promotes a collaborative safety management culture. By immersing workers in scenarios, this approach
equips them with knowledge and skills to contribute to practices, improving safety outcomes and potentially
saving lives in the construction industry.

3.2. Integrating Reality and BIM for Metaverse Modeling

To elucidate the evolution of iSAFE-Education's development process in generating virtual models
grounded in reality capture and BIM data, it harnesses technologies like reality capture and Building
Information Modeling (BIM). Through techniques like photogrammetry or LiDAR scanning, environments
are digitally replicated, capturing spatial data. BIM data provides information about building components
and structures. Creating a Metaverse environment is achieved through the integration of reality capture and
BIM-3D Mesh matching techniques. This involves aligning 3D-Mesh data with BIM models, ensuring
representation of physical spaces in the virtual world. The 3D-Mesh generation technology covers
algorithms that process reality capture data, converting it into mesh models. Meanwhile, the BIM & 3D-
Mesh Matching System employs algorithms to align BIM data with 3D-Mesh models, enabling integration
of real-world and virtual environments. These technologies lay the foundation for immersive and accurate
Metaverse environments, facilitating applications from virtual training simulations to design processes.
Figure 3 depicts the process of generating virtual models through reality capture techniques and Building
Information Modeling (BIM).

Developing a method to generate virtual models based on reality capture and BIM data

3D-Mesh Generation Technology

BIM & 3D-Mesh Matching
System

Figure 3. Generating virtual models based on reality captures and BIM.

3.3. Remote Monitoring & Custom Training

In iSAFE, site Risk Assessment and Management involves a comprehensive approach to identify, mitigate,
and manage hazards on construction sites. Once hazards are identified through assessment processes, such
as site inspections or risk analysis, appropriate mitigation and elimination procedures will be proposed.
These procedures aim to reduce the likelihood and severity of potential accidents or incidents. What sets
this approach apart is its ability to leverage remote monitoring and verification techniques, allowing for
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real-time oversight of risk management activities. Also, the integration of 2D/360-based TBM (Toolbox
meeting) Safety Training content generation as it demonstrated in Figure 4 enhances the safety culture by
providing tailored training materials specific to potential hazards encountered during specific work
situations. This approach ensures that workers are adequately trained to recognize and respond to hazards
associated with TBM operations, thereby reducing the likelihood of accidents and injuries.

Figure 4. The iSAFE-Education Platform dashboard

4. METAVERSE SAFETY SOCIAL PLATFORM - DEVELOPMENT AND
FUNCTIONALITY

The development of the creating virtual site model of iSAFE-Education involves technologies to blend
construction sites into the metaverse. As explained in Figure 5, through computer vision algorithms, the
platform processes photo-based 3D-Mesh information, converting images into virtual models. Additionally,
the integration of BIM model-based 3D information ensures a representation of construction sites. This
includes architectural, structural, and material properties details, providing users with a virtual environment.
These models serve as the foundation for the platform's educational and simulation features.In the
development of content generation tools, an approach caters to user requirements. Non-Player Characters
(NPCs) guide users through safety guidelines and construction procedures. A physics engine simulates
accident events based on user actions and environmental factors, fostering learning. Automatic translation
features facilitate communication among users, enhancing collaboration on construction sites. Checklists
ensure adherence to safety protocols. The platform promotes safety equipment and methods, facilitating an
educational experience. Simulation capabilities allow users to visualize and interact with construction
projects, advancing understanding. Communication between avatars enriches the environment.

The reward and trading system introduces an economic aspect to the metaverse, promoting safety and
incentivizing user participation. Within the platform, cryptocurrency is assigned to contents, encouraging
the creation of safety and construction-related materials. Users receive rewards for completing education
modules, promoting learning among technicians and apprentices. Individual safety competency is evaluated,
ensuring expertise within the platform. NFT transactions enable the exchange of virtual models and content.
This establishes a virtual economy and promotes the sharing of construction methods within the metaverse.
The integration of cryptocurrency and NFTs creates an incentive structure, fostering a community focused
on construction safety and advancement.
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Figure 5. The Metaverse safety socials development

The social platform operates on a decentralized architecture utilizing blockchain technology to ensure
transparency, security, and traceability of interactions. Each contributor, including health and safety
agencies, workers, managers, and safety content creators, has a unique digital identity linked to a
blockchain-based user profile. This profile securely stores user information, activity history, and token
balances. Contributors interact with the platform through a user-friendly interface accessible via web or
mobile applications. Upon accessing the platform, users can explore various features and functionalities
tailored to their roles and interests. The social platform operates as an integrated ecosystem leveraging
technologies to promote workplace health and safety. Users have the capability to create, upload, and share
diverse content formats, ranging from articles to VR experiences, with content stored on a distributed file
system and metadata recorded on the blockchain to ensure authenticity and integrity. Furthermore, the
platform offers VR training modules developed in collaboration with health and safety agencies, enabling
users to simulate scenarios and practice safety protocols in a virtual environment, with user progress and
performance metrics tracked and stored on the blockchain for evaluation. Real-time chat and direct voice
communication features facilitate collaboration and knowledge sharing among users, especially in
emergency situations, while a rewards system incentivizes participation and contributions, with tokens
earned through activities and governed by smart contracts to ensure fairness and transparency. The
platform's blockchain infrastructure serves as a decentralized ledger to record all user interactions, content
contributions, and token transactions, enhancing transparency and trust among users and stakeholders,
fostering a community dedicated to promoting workplace health and safety.

5. CONCLUSION

In conclusion, the paper highlights the inadequacies of traditional safety training methodologies in the
construction industry, particularly in addressing challenges faced by workers, including migrant laborers.
It underscores the disconnect between compliance-driven safety management practices and the realities of
construction sites, emphasizing the need for a transformative approach. The proposed iSAFEEducation
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solution, leveraging Industry 4.0 technologies such as Virtual Reality and metaverse environments, offers
a solution to bridge this gap. By immersing workers in realistic job-site scenarios and tailoring training to
their specific work environments, iSAFEEducation revolutionizes safety education, fostering a
collaborative safety culture and enhancing overall safety outcomes. With its potential to revolutionize safety
training and elevate the construction industry's safety landscape, iISAFEEducation represents a significant
step towards ensuring the well-being of workers and promoting a safer workforce in the digital age.
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