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Assessing the Impact of VR in Construction Management and
Education: A Review of Current Trends and Future Directions

Abstract

The construction sector has experienced significant technological advancements in recent years,
with Building Information Modeling (BIM) playing a crucial role in enhancing project efficiency
and collaboration. This study investigates the integration of Virtual Reality (VR) in construction,
emphasizing its potential to revolutionize various aspects of the building process, including
design, planning, project management, and stakeholder collaboration. VR empowers
stakeholders by enabling informed decision-making, issue detection, and operational
optimization through real-time visualization and simulation in immersive 3D environments.
Meanwhile, BIM provides a comprehensive digital representation of a building’s lifecycle,
facilitating seamless data sharing throughout the design, construction, and operational phases.
This integration has the potential to improve spatial awareness, collision detection, safety
training, and stakeholder engagement, ultimately leading to increased efficiency, cost savings,
and project success. The paper explores key use cases, challenges, and future prospects of VR-
BIM integration, with a focus on its potential to disrupt the construction industry. Additionally,
the study evaluates the current status of VR hardware and software, providing insights into its
future applications in the sector. The findings suggest that VR-enhanced instruction can equip
students with the necessary skills to thrive in the construction industry, highlighting the
importance of integrating VR and BIM in construction education.

Keywords: Virtual Reality, BIM, Construction sector, 3D environments, Construction
management, Education.

Introduction

The construction sector has witnessed significant technological advancements in recent years,
with Building Information Modeling (BIM) emerging as a pivotal tool for enhancing project
efficiency and collaboration. Virtual Reality (VR) has the potential to address challenges related
to project management, safety, and stakeholder engagement by offering immersive and
interactive environments.

This paper explores the integration of VR and BIM in the construction industry, highlighting
their combined potential to revolutionize various aspects of the building process. The study
delves into key use cases, such as design reviews, project management, safety training, and
stakeholder collaboration, demonstrating how VR-BIM integration can lead to increased
efficiency, cost savings, and project success. Additionally, the paper examines the current status
of VR hardware and software, providing insights into future applications and the potential for
VR-enhanced education to equip future professionals with the necessary skills to thrive in the
construction sector.



By investigating the synergies between VR and BIM, this research aims to develop a
comprehensive framework for their integration, addressing the challenges and opportunities
associated with their adoption. The ultimate goal is to provide guidelines and recommendations
for promoting the use of VR and BIM in construction, thereby contributing to the ongoing digital
transformation of the industry.

Research Aim & Objectives

The primary aim of this study is to investigate the synergies between Virtual Reality (VR) and
Building Information Modeling (BIM) applications in the construction sector. The focus is on
their integration as a solution to enhance safety, reduce risks, eliminate planning errors, improve
efficiency, and provide better visualization for stakeholders. The study seeks to develop a
comprehensive framework for the interaction of VR and BIM techniques, emphasizing
constructability to serve as guidelines for promoting VR in construction. To achieve this aim, the
study has the following specific objectives:

e To understand and identify Virtual Reality and BIM parameters.

e To identify and investigate how to integrate BIM in VR tools.

e Toexplore VR applications in project management/ construction management

e To study the awareness level of AEC members regarding the constructability practices
while implementing VR in the construction industry

e To examine virtual reality practices and implementation in construction practices and
further promotion.

Background and Literature Review

Combining Virtual Reality (VR) and Building Information Modeling (BIM) transforms the
architecture, engineering, and construction (AEC) industries by promoting collaboration,
visualization, and data analysis through immersive VR experiences and information-rich BIM
models [1]. VR-BIM integration enhances design, planning, training, project management, and
facility operations via interactive 3D walkthroughs, early error detection, remote teamwork, and
integrated project data [1][2]. This synergy leverages the complementary strengths of both
technologies to boost productivity, cost savings, innovation, and quality across the project
lifecycle.

For improved visualization and compatibility, bridging BIM models with VR using game
engines like Unity and Unreal Engine is essential. Utilizing head-mounted displays (HMDs) such
as the Oculus Rift provides immersive VR experience in building projects. Integration of VR
with BIM enhances architecture, engineering, and construction by combining VR’s immersive
visualization with BIM’s data-rich models, according to research by Abbasnejad et al. [3]. This
integration supports interactive walkthroughs, remote collaboration, early error detection, and
integrated project data, thereby improving design, planning, training, project management, and
facility operations. Abbasnejad et al. [3] emphasize the potential of VR in the AEC industry to
address industry challenges, despite the low adoption of immersive virtual reality (IVR). The



research highlights the importance of understanding tool usage, user needs, platform selection,
and model optimization when producing advanced VR experiences.

Similarly, Al-Adhami et al. [4] note that VR-BIM integration improves efficiency, cost savings,
innovation, and quality across the project lifecycle, although optimizing platforms and
workflows remains a challenge. The AEC business will be transformed by this revolutionary
convergence of data and technology. Integrating VR and BIM into construction courses can
revolutionize how future professionals are trained by enabling immersive, hands-on learning.
Realistic 3D simulations, safe virtual practice, interactive engagement, remote accessibility,
collaborative skills, deeper design comprehension, early error detection, flexibility, industry
preparedness, and embracing innovation are some of the advantages. VR-BIM training is a cost-
efficient, long-term, entertaining, and effective way to improve safety, skills, and adaptability
while keeping education relevant. Ashok [5] suggests that this integration results in graduates
who are better prepared to meet the changing demands of the construction sector.

Virtual reality (VR) has emerged as a transformative technology in construction education,
providing immersive experiences for remote collaboration, soft skills training, and expert
coaching. VR allows virtual building experiences in educational settings, allowing students to
experiment with difficult construction scenarios and obtain hands-on experience in a controlled
environment. However, integrating VR in construction education presents considerable hurdles,
including accessibility issues, the requirement for ongoing material creation and upgrades, and a
lack of industry standards that impedes widespread acceptance and integration. These variables
create a dynamic but demanding environment for educators and industry experts looking to
harness VR's promise in developing a more competent and versatile workforce.

There are four distinct methods for VR construction safety training: BIM-based, desktop-based,
game-based, and immersive training. Immersive training (48%) and desktop-based training
(34%) are the most commonly used modalities. Immersive training has grown significantly,
accounting for 48% of publications from 2011 to 2021, while desktop-based training has grown
slowly. BIM-based and game-based safety training approaches first appeared in 2011, making
significant contributions to the industry [6]. The potential of VR in the AEC industry presents
exciting opportunities. Compared to other advanced tools, VR and BIM technologies offer more
sustainability, adaptability, and less intrusiveness. Combining VR technology throughout the
lifecycle of a project can improve safety, time management, and overall cost-effectiveness. This
study will explore the use of VR in the construction sector, focusing on wearable devices like
HMDs. It will include a critical analysis of existing AR/VR applications in the AEC sector,
leading to the conceptualization of an investigation aimed at understanding the perspectives of
future industry workers [7].

Methodology

For this study, both quantitative and qualitative research strategies were employed to
comprehensively investigate the integration of Virtual Reality (VR) and Building Information
Modeling (BIM) in the construction sector. Data was gathered from academic databases such as



Google Scholar and Scopus using key phrases like “virtual reality” and “BIM in construction.” A
total of 30 research studies related to VR and BIM concepts in construction organizations were

considered. Table 1 shows 30 research studies related to a detailed literature review.

Table 1. List of journals and articles related to the VR and BIM concepts.

s Journals/
# Authors/Years Citation Conferences/Others Broad Area
(Abbasnejad, Aranda-Mena, Earth and
1 Nasirian, Wong, & Ahankoob, [3] Environmental Construction
2022) Science
2 (Ashok, 2020) [5] | Doctoral dissertation| Construction
(Chellappa, Mésaros, Spak, Materials Science and .
3 | Spisakovd, & Kaleja, 2022) | L] Engineering Construction
4 (Wang, 2021) [8] Journal of Physics Construction
5 (Delgado, Oyedele, Demian, & [9] Eﬁdivr?enecr(ier(l1 Construction
Beach, 2020) gineeting
Informatics
6 (Dallasega, Revolti, Sauer, [10] Procedia Construction
Schulze, & Rauch, 2020) Manufacturing
(Kuncoro, Ichwanto, & Construction
7 Muhammad, 2023) (1] MDPI
Computer and Construction
8 (Cruz, 2021) [12] Mathematics
Education
9 (Al-Adhami, Ma, & Wu, 2018) | [13] Automatlgn and Construction
Robotics
Modular and Offsite Construction
10 (Cheung & Ng, 2019) [14] Construction
Computational Construction
11 (Kim et al., 2021) [15] Design and
Engineering
(Safikhani, Keller, Schweiger, & Journal of Digital .
12 Pirker, 2022) [16] Earth Construction
13 (Tan, Xu, Li, & Chen, 2022) [17] MDPI AEC
(Natephra, Motamedi, Fukuda, & Visualization in .
14 Yabuki, 2017) 18] Engineering Construction
15 (Khan, Sepasgozar, Liu, & Yu, [19] MDPI AEC
2021)
Security &
16 (Zhang & Mo, 2022) [20] Communication Construction
Networks
17 (Ghanem, 2022) [21] IT Con Construction
18 (Civil & Horsham, 2017) [22] CITC-9 Construction
. . Anales De . .
19 | (Martinez & Dominguez, 2018) | [23] Edificacién Engineering




(Monla, Assila, Beladjine, & )
20 Zghal, 2023) [24] IEEE Construction
. Occupational and .
21 (Soeiro et al., 2018) [25] Environmental Safety Construction
(Noghabaei, Heydarian, Balali, &
22 Fan. 2020) [26] Data AEC
Smart Cities and
23 | (Ghobadi & Sepasgozar, 2020) | [27] Construction Construction
Technologies
24 (Chai et al., 2019) [28] Civil Engineering AEC
25 (Srivastava et al., 2022) [29] Advanced Civil Construction
Engineering
26 (Rohil & Ashok, 2022) [30] Results in Construction
Engineering
Smart and Sustainable .
27 | (Adebowale & Agumba, 2022) | [31] Built Environment Construction
Computational
28 (Pan & Zhang, 2023) [32] Methods in Construction
Engineering
. Smart and Sustainable .
29 |(Seyman Guray & Kismet, 2023)| [33] Built Environment Construction
30 (Panya, Kim, & Choo, 2023) [34] |Building Engineering| Construction

Based on a thorough literature review assessment, an overview of the VR and BIM relationship
and how VR integrates with BIM was developed. Key questions were drafted to guide the
research, focusing on the applications of VR headsets for design review and construction
processes, the applications of VR in construction education, the benefits anticipated from
combining BIM with VR technology, and the challenges in incorporating VR technology in the
construction industry.

The research aims to provide thorough answers to the following essential questions about virtual
reality hardware and software, the various types of technologies, and how to integrate both
paradigms. It also explores their applications in different stages of construction education and
training, as well as their advantages and future challenges in the AEC sector.

Key questions used in this study:

What are the applications of VR for design review and construction processes?

What are the applications of VR in construction education?

What benefits are anticipated from combining BIM with VR technology?

What are the challenges in incorporating VR technology in the construction industry?
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Data Analysis

The extracted data through research studies related to VR and BIM was analyzed to identify
patterns and trends in the use of VR and BIM in the construction sector. Quantitative data was
used to create visual representations (Figures 1 through 5) to illustrate the increasing adoption of
VR applications, the benefits of VR-BIM integration, and the challenges faced by the
construction education and industry. Qualitative data was used to provide context and insights
into the findings.

Application of VR in construction design

Before construction ever starts, VR enables architects and engineers to virtually explore and
interact with 3D models of planned structures and infrastructure. This aids in discovering design
problems and organizing the logistics of building. Construction can be adjusted and improved at
any time using virtual reality. Figure 1 shows the increasing percentage of construction
companies using VR applications in construction design.

Safety Training 1
Site Planning and Layout —————
Interior Design S ———— ()
Design Review and Collaboration — m————— 5
Building Maintenance and Facilities Management — n——--————————— /
Client Presentations — m————ss—— /
Marketing and Sales = —————— 3
Preventing Design Flaws —m— 3
Architectural Visualization — m—— 3
Material Selection — =—oE— 2
Equipment Training m—— 2
Historical Reconstruction — s 1

0 1 2 3 4 5 6 7 8

® Number of paper

Figure 1. VR Applications to Construction Design
Application of VR construction process

Figure 2 shows that Virtual Reality allows for immersive design model visualization, which aids
in mistake identification, quality assurance, stakeholder cooperation, construction safety training,
and improving progress tracking and client engagement.
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Post-Construction Visualization — m— 5
Client and Stakeholder Engagement —m-.—_————————— 5
Progress Monitoring — —————— 5
Safety Planning =—-——— /,
Public Engagement and Marketing =~ n—— —————m 3
Construction Sequence Visualization —m—— 3
Quality Control and Inspections — =———.— — 2
Coordination and Clash Detection — =—————————— 2
Change Management s 1
As-Built Documentation — s ]
Remote Collaboration

3

Figure 2. VR in the construction process
Application for construction education:

VR is revolutionizing how students learn about building. It provides interactive and
individualized learning by simulating real-world construction sites, equipment usage, and
processes. Students can practice skills, explore buildings, and study designs in engaging virtual
worlds. VR is extremely useful for training in difficult-to-replicate settings, which improves
safety. It also enables students to digitally explore construction sites all around the world and
learn from industry professionals from a distance. Immersion in VR technology provides a
sensation of presence and has a wide range of applications including site training, design,
coordination, and cost savings. BIM and VR are essential in the construction sector, helping with
safety training, quality control, scheduling, and project evaluation [21].

Virtual Reality improves construction education by providing hands-on experience, simplifying
complicated topics, and delivering realistic instruction. It is revolutionizing construction
education by providing safer, more engaging, and effective learning experiences than previous
approaches. Previous approaches to construction education primarily relied on traditional
classroom-based learning, textbooks, and 2D drawings, which often lacked the interactive and
immersive elements necessary for comprehensive understanding. These methods were limited in
their ability to simulate real-world scenarios and provide practical, hands-on experience. Studies
have shown that VR and BIM technologies offer more effective learning outcomes by enabling
students to visualize complex concepts, engage in interactive simulations, and gain practical
experience in a controlled environment [5][7][12]. This is supported by research indicating that
VR-enhanced instruction leads to better retention of information, improved spatial awareness,
and increased engagement among students [5][7][12]. Figure 3 shows the application of VR and
BIM in the construction education curriculum.
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Figure 3. VR in construction education

Benefits of BIM with VR technology.

Building Information Modeling and Virtual Reality work together to provide major benefits for
construction projects. It improves stakeholder communication and understanding by immersing
them in detailed BIM models, boosting spatial awareness and collaboration. This integration
allows project teams and clients to collaborate more effectively and concentrate on specific
design features within the VR experience. Iterative testing with BIM and VR improves project
predictability, safety, and overall outcomes. To better structure research and comprehend the
sector, six general use-cases for VR in construction have been identified, including areas such as
stakeholder interaction, design assistance, construction, operations, and training. While VR
technologies are progressively overlapping, they are explored individually inside each case to
keep the research landscape clear [9]. Through direct experience with virtual designs,
stakeholders receive crucial insights that lead to informed decision-making. Finally, the
combination of BIM and VR is a potent tool for improving project planning and execution and
encouraging engagement, visualization, and prediction in the construction industry. Figure 4
shows the benefits of BIM and VR technology in construction.
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Figure 4. Benefits of VR

Challenges in incorporating VR Technology in the construction industry.

Figure 5 shows the following are some difficulties with applying VR technology to the
construction sector. Major challenges of incorporating VR Technology in the construction
industry are namely: 1) Lack of standards, high prices of VR technology, software, and content
production, as well as their integration into existing processes; 2) Implementing VR is
technically demanding and requires skill in addition to challenges with technology constraints,
motion sickness, and realism; and 3) Issues with data security, accessibility, updating content,
getting user input, and general industry adoption. Traditionally, VR applications in research have
focused on hazard identification, avoidance, its reaction, and construction machinery safety.
Recent research has delved into topics such as psychology and social influence to investigate
employee health and preferences. These studies have yielded useful information for improving
construction safety and risk management. However, concerns such as movement accuracy,
limited scope, expensive costs, and technical intricacy continue. Addressing these issues is
critical to realizing VR's full promise in construction safety and beyond [12].
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Figure 5. Challenges of incorporating VR with BIM

The integration of VR and BIM is being investigated to improve construction management
education by providing a more immersive and participatory learning experience. This integration
enables real-time modifications and 3D walkthroughs on devices such as the Oculus Rift, Gear
VR, and HTC VIVE, which benefits architecture visualization, defect identification, safety
training, and facility management. However, using VR in education poses obstacles that can be
minimized by technologies such as PROMETHEE. Integrating full design data with BIM and
VR is an effective strategy in construction project management, providing real-time
synchronization of project information in an immersive environment. Despite the obstacles, this
combination can improve construction education through additional research and improved
workflows.

Discussions

The integration of Virtual Reality (VR) and Building Information Modeling (BIM) in the
construction industry presents numerous opportunities and challenges. This discussion section
delves into the key findings of the study, highlighting the potential benefits, obstacles, and future
directions for VR-BIM integration.

Potential Benefits

The study demonstrates that combining VR and BIM can significantly enhance various aspects
of the construction process. VR’s immersive environments allow stakeholders to visualize and
interact with 3D models in real-time, improving spatial awareness and facilitating early detection
of design issues. This capability is particularly beneficial during the design and planning phases,
where it can lead to more accurate and efficient project execution. Additionally, VR-BIM
integration enhances stakeholder collaboration by providing a shared virtual space for real-time
communication and decision-making, thereby reducing misunderstandings and improving project
outcomes.



The use of VR for safety training is another notable benefit. VR simulations provide a safe and
controlled environment for workers to practice and prepare for hazardous scenarios, which can
lead to improved safety awareness and reduced accident rates on construction sites. Furthermore,
the integration of VR and BIM can streamline construction management processes by enabling
better project monitoring, progress tracking, and quality control through immersive and
interactive visualizations.

Challenges

Despite the promising potential, the study identifies several challenges that need to be addressed
for successful VR-BIM integration. One of the primary obstacles is the high cost of VR
technology, including hardware, software, and content production. These costs can be prohibitive
for many construction firms, particularly small and medium-sized enterprises. Additionally, the
technical complexity of implementing VR and BIM requires specialized skills and knowledge,
which may not be readily available within the industry.

Another significant challenge is the issue of data security and privacy. As VR systems collect
and process large amounts of data, ensuring the security and privacy of this information is
crucial. The study also highlights the need for industry standards and best practices to guide the
integration of VR and BIM, as the lack of standardized protocols can hinder widespread
adoption.

Future Directions

The study suggests several future directions for research and development to overcome these
challenges and fully realize the potential of VR-BIM integration. One key area is the
development of cost-effective and user-friendly VR solutions that can be easily adopted by
construction firms of all sizes. Advances in VR hardware and software, along with economies of
scale, are expected to reduce costs and improve accessibility. Another important direction is the
integration of VR with emerging technologies such as Artificial Intelligence (Al) and the Internet
of Things (1oT). These technologies can enhance the capabilities of VR-BIM systems by
enabling real-time data analysis, predictive maintenance, and automated decision-making
processes. Multi-user VR collaboration will facilitate teamwork among geographically dispersed
teams, unlocking new capabilities through integrations with Al, 10T sensors, and automation.
Additionally, research should focus on developing robust security measures and industry
standards to protect data and ensure the privacy of users.

The study also emphasizes the importance of VR-enhanced education and training programs to
equip future construction professionals with the necessary skills and knowledge. By
incorporating VR into construction curricula, educational institutions can provide students with
immersive, hands-on learning experiences that prepare them for the challenges of the modern
construction industry. Future research should explore human-machine intelligence synthesis,
city-level digital twin concepts, and blockchain applications throughout their lifecycle [32]. Key
future research directions should focus on advancements in VR technology, widespread adoption
in construction processes, educational applications, and addressing the associated challenges and
solutions.



Summary and Conclusion

This paper has explored the integration of Virtual Reality (VR) and Building Information
Modeling (BIM) in the Architecture, Engineering, and Construction (AEC) industry,
highlighting their potential to revolutionize various aspects of the construction process. The
study has shown that VR and BIM, when combined, offer significant benefits in design,
planning, project management, and stakeholder collaboration. By enabling real-time
visualization and simulation in immersive 3D environments, VR empowers stakeholders to make
informed decisions, detect issues early, and optimize operations. Meanwhile, BIM provides a
comprehensive digital representation of a building’s lifecycle, facilitating seamless data sharing
throughout the design, construction, and operational phases.

Key findings from the literature review indicate that the integration of VR and BIM can enhance
spatial awareness, collision detection, safety training, and stakeholder engagement, ultimately
leading to increased efficiency, cost savings, and project success. The paper has also identified
several challenges, such as the high costs of VR technology, technical complexity, and the need
for specialized skills. Addressing these challenges will be crucial for the widespread adoption of
VR and BIM in the construction industry. The research has also emphasized the importance of
VR-enhanced education in preparing future professionals for the construction sector. By
providing immersive, hands-on learning experiences, VR can help students develop the skills
needed to thrive in a rapidly evolving industry.

In conclusion, the integration of VR and BIM holds great promise for transforming the
construction industry. As technology continues to advance and become more accessible, the
adoption of VR and BIM is expected to grow, leading to more efficient, safe, and collaborative
construction processes. Future research should focus on developing cost-effective solutions,
user-friendly interfaces, and robust security measures to overcome the current barriers to
adoption. Additionally, exploring the potential of human-machine collaboration, city-level
applications, and the integration of Al and loT with VR and BIM will further enhance the
capabilities and impact of these technologies in the AEC industry.
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