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Abstract. The integration of Building Information Modelling (BIM) with Ex-
tended Reality (XR) technologies has shown strong potential to advance project
planning and visualisation in the construction sector. In the aftermath of COVID-
19, the shift to remote and hybrid work has accelerated the need for collaborative
tools that extend beyond traditional communication platforms. While digital
practices are emerging, the potential role of the Metaverse in supporting remote
construction project management remains underexplored. This paper looks at the
feasibility of managing construction projects and facilitating stakeholder collab-
oration within a Metaverse environment through the integration of BIM and XR.
A case study using a university building demonstrates how immersive environ-
ments can enhance spatial understanding, communication, and cross-disciplinary
coordination. The findings highlight improved stakeholder engagement, reduced
reliance on physical travel, and alignment with sustainability objectives such as
net-zero emissions. Challenges were also identified which includes device per-
formance, user comfort, and varying levels of VR proficiency. The study pro-
vides evidence that BIM-XR integration in the Metaverse offers a promising
pathway for digital transformation in construction project management, while
pointing to areas for further refinement and research.

Keywords: Building Information Modelling (BIM); Extended Reality (XR);
Metaverse; Virtual Reality (VR); Construction Project Management; Remote
Collaboration

1 Introduction

Globally, the construction industry employs approximately 7% of the working-age pop-
ulation, making it one of the largest sectors of the world economy [1]. Despite its scale,
the industry has traditionally relied on incremental innovation, with approaches such as
off-site construction and 3D printing still at an exploratory stage. At present, off-site

Research Paper
DOI: https://doi.org/10.46793/eLearning2025.308D
Part of ISBN: 978-86-89755-37-4

© 2025 Copyright for this paper by its authors.
BY Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).

308


mailto:azhar@v-lab.uk

construction represents only around 2% of the global market [2]. Conventional on-site
construction, whereby structures are assembled sequentially at their permanent loca-
tion, continues to dominate industry practice. Furthermore, compared with other major
sectors, construction remains among the least digitised [3].

The COVID-19 pandemic was an accelerator for the adoption of digital technologies
and remote work practices, which led to the successful transition of many office-based
roles within the construction industry to remote and hybrid arrangements. The post-
pandemic period has also normalised flexible working practices, enabling employees
to organise their schedules around non-traditional hours and alternative locations. This
shift has fostered greater managerial trust in employees’ ability to deliver tasks without
direct physical supervision [4]. However, research indicates that remote work can un-
dermine collaboration, with reliance on emails and videoconferencing often replacing
real-time, in-person interactions. This substitution has been shown to hamper commu-
nication and, in turn, project coordination. Consequently, there is a growing demand
for more effective modes of remote collaboration.

At this critical juncture in the sector’s digital transformation, immersive technolo-
gies present a significant opportunity to enhance collaboration and efficiency. The
Metaverse, when combined with BIM and XR, provides a platform where geograph-
ically dispersed teams can interact with models, simulate construction environments,
and engage in real-time coordination. Against this backdrop, this paper investigates the
integration of BIM and XR within a Metaverse environment to support remote project
management and stakeholder collaboration. The study proposes a Remote Collabora-
tion Framework and evaluates its application through a case study of the Teesside Uni-
versity’s Student Life Building, assessing both the benefits and limitations of immer-
sive collaboration for the construction industry.

2 Background

2.1 Remote Project Communication and Management

Effective communication is widely recognised as one of the most critical competencies
required by project managers [5]. In the context of remote project delivery, this require-
ment becomes even more pronounced, as project managers must demonstrate not only
advanced interpersonal skills but also the ability to adaptively and competently use a
variety of digital communication platforms [6]. Furthermore, managing remote or “vir-
tual” teams requires sensitivity to the communication preferences and working styles
of dispersed team members. When managing multinational teams, project managers
must also remain highly perceptive of cultural differences and familiar with the pre-
ferred communication channels across different contexts [7].

The implementation of video conferencing and other synchronous communication
methods requires project managers to handle time zone variations and scheduling
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requirements [8]. The most commonly used email method for communication proves
to be less effective at building trust and clarity between team members [9]. Project
managers need to create well-organised written communication that delivers precise
information to overcome these communication barriers. Active listening serves as a
critical factor for achieving correct information exchange and team member relation-
ship development [10]. Team members should use one-to-one communication to re-
solve personal issues and create trust while enhancing team unity. Research demon-
strates that proper communication methods create high-performing project teams.

In international projects, the complexity of stakeholder management is increased by
the differences in nationality, culture, and professional norms. Project managers must
first develop cultural awareness and demonstrate empathy, cultural competence, and
expertise to lead diverse teams effectively [11,12]. Failing to develop these skills will
lead to cultural gaps, resulting in conflicts and misunderstandings, ultimately reducing
project performance. Gap analysis has been suggested as a practical tool for evaluating
the difference in culture and to identify the possible sources of tension that may arise
among stakeholders [13]. Establishment of shared team culture is an essential factor as
it provides a framework for acknowledging and respecting the diverse perspectives in
the workplace. Engaging with the local and regional partners is also another strategy
that can be used for understating the cultural gap and addressing the risks in collabora-
tion [14].

Negotiation skills have an essential role in closing the cultural divides, resolving
conflicts and promoting trust within multicultural project environments [15]. Effective
project managers must integrate insights from economic and sociological factors of
culture, as business and project management practices vary from place to place. This
will help to develop more adaptive and inclusive approaches to communication and
stakeholder management, leading to enhanced project outcomes in international and
remote contexts.

2.2  Building Information Modelling (BIM)

Building Information Modelling (BIM) is a collaborative digital process for generating,
storing, and managing multidisciplinary information across the entire life cycle of a
construction project [16]. It involves developing a coordinated digital representation of
the built asset, typically comprising information-rich 3D models linked with structured
data such as product specifications, execution details, and handover information. BIM
maturity is defined through a series of levels, from Level 0 to Level 3 and beyond [17].

Level 0 represents no collaboration and relies solely on 2D CAD drafting for pro-
duction information, distributed via paper or electronic prints [18]. Level 1 introduces
limited 3D CAD for concept work alongside 2D drafting for statutory and production
purposes. Standards are governed by BS 1192:2007, and information is shared elec-
tronically through a common data environment (CDE), often managed by the contrac-
tor. Level 2 requires collaborative working with project-specific information exchange,
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coordinated across systems and participants. Interoperability is ensured through open
formats such as IFC (Industry Foundation Class) and COBie (Construction Operations
Building Information Exchange). This approach has been mandated by the UK govern-
ment as the minimum requirement for public-sector projects [19]. Level 3 is character-
ised as a fully integrated approach in which all project data are embedded within com-
mon information models. Unlike the federated approach of Level 2, Level 3 emphasises
the use of internationally recognised data standards to structure information consist-
ently across disciplines. Crucially, this integration is conceived from a lifecycle per-
spective, ensuring that information flows seamlessly from design and construction
through to operation and maintenance. Such an approach reflects the ambition to deliver
a unified and standardised digital environment for the construction sector [20].

BIM Level 3 centres on cloud-based, extended collaboration [21]. Even prior to the
COVID-19 pandemic, project teams were typically distributed across multiple organi-
sations, including architects, engineers, contractors, and specialist subcontractors [22].
Cloud-based BIM offers significant benefits in such contexts by enabling access to
complex models via a web browser without requiring high-specification hardware.
Models are processed into standardised formats that can be merged from various file
types (e.g., Revit RVT, IFC, Bentley DGN, BCF) using platforms such as 3D Repo,
creating a single source of truth for all stakeholders [23]. This approach reduces reliance
on locally installed software, simplifies IT requirements, and ensures that all users ac-
cess the most up-to-date model version with revision histories preserved.

Cloud-based BIM has demonstrated significant improvements in collaboration and
project management. It provides the ability for stakeholders to access models at any
time and work collaboratively in real time by annotating concerns directly within and
addressing them either in real time or asynchronously. This will help minimise delays
that are often found during email correspondence and promote greater transparency
among stakeholders [24]. Project coordinators can continuously monitor design pro-
gress, rapidly identify errors such as misaligned elements, and ensure corrections are
made before construction commences. Cloud-based BIM provides a scalable and effi-
cient digital framework that enhances collaboration across the Architecture, Engineer-
ing, and Construction (AEC) industry by improving accessibility, interoperability, and
real-time communication.

2.3  Extended Reality (XR)

Extended Reality (XR) refers to a broad spectrum of immersive technologies which
bring together the physical and digital environments. This includes Virtual Reality
(VR), Augmented Reality (AR), and Mixed Reality (MR). XR has become a transform-
ative tool for visualising designs by offering an immersive and interactive experience
that enhances the design, planning and stakeholder communication process [25]. XR
supports the design review, assessment of alternatives, early identification of potential
issues and informed decision-making for stakeholders in the AEC sector by allowing
them to explore the digital models before construction [26].
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XR enables the simulation of buildings and designs at scale and within their context.
The immersive walkthrough feature allows everyone involved to visualise the spatial
relationships and better understand the proportions and aesthetics in a realistic manner,
giving them a better understanding of the design intent. The immersive visualisation
experience provides more accurate feedback with a collaborative approach and helps
reduce the risk of costly design revision later. XR also allows multiple users to be in
the same virtual model in real time, wherever they are physically. Such shared environ-
ments encourage clearer communication, collective problem-solving, and joint deci-
sion-making [27]. For clients and end-users, XR provides a tangible way of engaging
with proposed designs, which has been shown to improve satisfaction and alignment
with project outcomes.

XR also has significant potential within Metaverse (an interconnected virtual envi-
ronments that combine different digital worlds and augmented experiences) beyond the
individual building projects. Urban-scale planning is supported within this XR frame-
work by featuring modelling and exploration of entire cities. It also allows users to
interact with architecture/buildings in innovative ways, with the integration of virtual
buildings and infrastructure into a shared digital environment.

XR represents a paradigm shift in building model visualisation by providing immer-
sive, interactive, and collaborative experiences. Its ability to improve design compre-
hension, support effective communication, and enhance decision-making establishes
XR as a critical enabler of digital transformation in the AEC sector. As XR technologies
continue to mature and become more widely accessible, their integration with the
Metaverse is expected to influence the future of architectural practice, urban planning,
and stakeholder engagement [28].

3 Remote Collaboration Framework

3.1 Framework Architecture

The Remote Collaboration Framework paves the path for stakeholders like project man-
agers, architects, engineers, and contractors to collaborate in real time virtually, regard-
less of wherever they are physically in the world by connecting them to a shared digital
workspace through Extend Reality (XR) technologies including Augmented Reality
(AR), Virtual Reality (VR), and Mixed Reality (MR).

The digital workspaces are accessed using XR devices like a VR headset. This al-
lows stakeholders to participate in design reviews and manage projects without being
physically present on site. This reduces non-essential travel, supports flexible collabo-
ration, and increases efficiency. At the core of the framework is a Federated BIM Model
that integrates architectural, structural, and mechanical, electrical, and plumbing (MEP)
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components. The model minimises miscommunication and errors by ensuring that all
participants work with the same source of information.

Physical Environment I Digital Environment
User Interaction
{[ voice | | Geswre | [ Movement | [ Gaze ]J
™ E)I;t:aﬂl::;d ™ [ Digital Workspace |
Federated BIM Model
[[Archilectural] | structural | | MEP | | civisinfra ﬂ

Fig. 1. Collaboration Framework Architecture

The framework (Figure 1) supports multiple user interaction methods, including voice,
gesture, movement, and gaze tracking. These provide a collaborative experience which
feels more natural compared to other techniques like emails and online meetings. Stake-
holders can also conduct a walkthrough of the BIM models and suggest any design
changes with annotations. The virtual site inspections also replicate the dynamics of an
in-person meeting.

The digital workspace is not just a visualisation tool but a fully interactive environ-
ment where users can manipulate models, identify and resolve design conflicts, and
maintain coordination across disciplines. Project managers can monitor progress while
architects and engineers refine designs collaboratively, and contractors can avoid de-
lays associated with outdated information with the real-time engagement supported by
shared access to up-to-date data. Communication clarity and efficient workflow can be
achieved with the integration of BIM with Metaverse, offering a practical means of
managing construction projects remotely.

3.2 Metaverse Collaborative Platform

The case study was done using Horizon Workroom, which is a VR collaboration plat-
form developed by Meta that provides an immersive workspace environment. The plat-
form can be accessed through VR headsets such as the Oculus Quest 2. The platform
also has customised avatars for users to represent themselves in the VR world. Users
can then use the avatars to interact with virtual environments and collaborate with oth-
ers in real-time.

The platform comes packed with a wide range of communication and collaboration
tools. The spatial audio feature gives realism to the voice conversation between users.
There is also a screen-sharing feature that allows users to showcase their work for dis-
cussion and feedback. The virtual whiteboard supports brainstorming and visual col-
laboration. Files can also be imported directly into the workspace. Options are available
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to integrate other productivity tools like the Oculus Browser and Zoom to streamline
collaboration between users further. Hence, the platform provides web access for the
users without having to leave the virtual world. Non-verbal communication is supported
by using hand signs, body language and expressive gestures which provides a stronger
sense of presence and interaction among the team members.

3.3 Compatible Devices

For visualising BIM models, the case study utilised desktop and laptop computers with
sufficient processing power, alongside VR headsets such as the Oculus Quest 2. AR
devices, including Microsoft HoloLens, were used to overlay BIM models within real-
world settings, enabling users to experience designs in context. Mobile devices with
VR headsets were also employed to access the Metaverse model from multiple loca-
tions. However, the quality of visualisation depends on factors such as model size, com-
plexity, internet speed, and system hardware capacity.

4 Case Study

4.1 Project BIM Model

The Student Life Building at Teesside University's Middlesbrough Campus (opened in
2020) was designed to support a wide range of learning styles and attendance patterns.
This was achieved through a technologically enabled environment. The building offers
flexible spaces for collaborative learning alongside an information zone, consulting
rooms, and a café. This study used a replicated BIM model of this building. The build-
ing has a complex spatial organisation and integration of multipurpose spaces which
made it a suitable candidate for this study for evaluating the use of BIM in XR envi-

ronments.
et | i #%_JL_
| I e T

(c) (d)
Fig. 2. (a) A photo of the Student Life Building; (b) The developed BIM model (Exterior);
(c) Interior photo of the Student Life Building Atrium; (d) The developed BIM Model (Interior)
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Architecturally, the building features a glass fagade with dichroic glass fins (Figure 2a
and 2c¢) and interconnected interior volumes shaped by timber-clad pods containing 26
consultation and study rooms. These pods are arranged between double-height vol-
umes, with waiting areas doubling as quiet study spaces. The spatial configuration bal-
ances openness and connectivity with enclosed areas for individual or group study.

As the original BIM model of the building was not available, a replica was developed
in Autodesk Revit using available architectural references, dimensional data, and pho-
tographic material (Figure 2b and 2d). The model was then imported into Unreal Engine
and processed to generate realistic rendering and textures. Structural elements and ma-
teriel properties like the reflective characteristics of the dichroic glass fins and the nat-
ural finish of the timber-clad pods were incorporated to mirror the real-world building
closely. The spatial layout, including circulation routes and study areas, was modelled
to ensure fidelity to the original design. Even though the replica does not fully substitute
the original BIM model, its accuracy was validated against available architectural doc-
umentation to provide a reliable digital representation. For exploring the flexibility an-
other 3D model of a cricket stadium for the case study. In addition to the Student Life
Building, a 3D model of a cricket stadium was also used to further test the applicability
of BIM in XR environments.

The BIM model had to be optimised with reduced triangle sizes in tools such as
Blender for integration with XR platforms to be accessed through standalone VR and
AR devices. In 3D graphics, triangulation is used to construct all digital models, and
reducing their number makes the BIM model lighter and more efficient for real-time
rendering on standalone VR and AR devices. This allowed stakeholders to conduct im-
mersive walkthroughs, assess spatial relationships, and test alternative design configu-
rations remotely. The model provided valuable insights into spatial dynamics and stake-
holder engagement by enabling exploration of the building at scale within the collabo-
rative virtual workspace. Importantly, it demonstrated the potential of combining BIM
with XR technologies in the Metaverse to support remote project collaboration, enhance
communication, and inform decision-making in construction and architectural practice.

4.2 Metaverse Collaboration

Meta Horizon Workrooms is a VR platform designed to support immersive teamwork,
which was used to implement the collaborative environment for this case study. Differ-
ent devices like VR headsets, laptops and tablet computers were used by stakeholders
such as Project Manager, BIM Coordinator, Architect and Engineer to connect to the
shared virtual workspace. This framework, where users can get connected using differ-
ent kinds of devices, provides accessibility and flexibility for users to engage with the
model according to their role and available technology.

Figure 3 shows the overview of stakeholder interaction within the Metaverse work-
space used for this case study. The BIM Coordinator and Project Manager accessed the
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federated BIM model in immersive 3D via VR headsets, providing them with spatial
analysis and in-context discussion. The Architect, working on a laptop, contributed de-
sign insights and integrated updates through the desktop interface. The Engineer, ac-
cessing the environment via a tablet, was able to participate in mobile reviews and pro-
vide feedback during live sessions.

VR Headset Laptop Tablat

h L] F L] F

¥

Project Manager BIM Coordinator Engineer 1 Engineer 2

v v v v

- . -
Virtual Reality Workrooms | BIM Model

|
v v v v

Model Analysis | | Discussion | |Progress Check | Presentation

€>

Fig. 3. Case study collaboration approach

Different collaborative activities, such as model analysis, progress reviews, design co-
ordination, and presentations in the immersive world, were done using Horizon Work-
rooms. These were supported by the platform's core features like spatial audio, avatar,
screen sharing and the virtual whiteboard. The combination of all these features resulted
in a realistic, immersive and interactive experience that closely replicated the dynamics
of an in-person meeting without the physical or geographical constraints.

Participants can annotate models to provide reviews in the virtual workspace. They
can also use intuitive gestural input along with verbal feedback and engage in detailed
coordination sessions. Being able to communicate with each other in the virtual world
using intuitive inputs has improved communication efficiency and helped in reducing
delays associated with asynchronous exchanges. This also limited the need for physical
travel to an extent, demonstrating clear benefits of the framework for both sustainability
and productivity. The results highlight the potential of Metaverse-based collaboration
to support digital transformation in the construction industry.

4.3 Results

The case study demonstrated the practical benefits and limitations of integrating BIM
models with XR technologies in a Metaverse-based collaborative platform. A federated
BIM model of the Student Life Building was successfully uploaded into Meta Horizon
Workrooms, enabling participants to interact with the design in real time. Stakeholders
joined the environment through different devices, including Meta Quest 2 headsets,
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desktop computers, and tablets. This setup created a mixed participation scenario where
some users experienced full immersion through VR headsets, while others engaged
through standard screen-based interfaces.

Participants reported enhanced spatial awareness and design comprehension when
reviewing the BIM model in virtual reality compared with traditional 2D plans or desk-
top-based 3D models. Being able to visualise the model at true scale in the immersive
environment during the walkthrough helps improve clarity and detect misaligned ele-
ments intuitively. The ability to combine real-time voice and gesture input, along with
the avatar-based presence of the user, provided a sense of natural communication. This
helped to improve the effectiveness of coordination meetings.

Figures 4(a) and 4(b) show the initial interaction with the uploaded BIM model. Par-
ticipants accessed the virtual workspace, viewed the building design in 3D, and began
collaborative discussions. The shared environment replicated the dynamics of a physi-
cal meeting room, while overcoming geographical constraints by connecting partici-
pants across different locations.

Fig. 4. Stakeholders accessing the uploaded BIM model within Horizon Workrooms. (a) Ini-
tial view of the default building model in the shared virtual workspace. (b) Multi-device partici-
pation, showing interaction between VR headset users and desktop participants.

Figures 5(a) and 5(b) highlight the use of the platform for design coordination. In Figure
5(a), a building design is displayed on the shared screen, while participants discuss its
features and raise coordination issues. In Figure 5(b), an avatar representing one of the
team members explains the design directly within the environment, suggesting modifi-
cations and highlighting areas of concern. This interaction demonstrated how avatar
presence, combined with spatial audio, can make virtual design reviews more engaging
and productive.
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Fig. 5. Collaborative design coordination in the Metaverse environment. (a) Shared screen
display of the BIM model during discussion. (b) Avatar-based explanation of design features
with real-time feedback and modification proposals.

Figures 6(a) and 6(b) illustrate deeper collaboration and issue management. Figure 6(a)
shows suggestions for plan modifications overlaid directly on the model, providing
clarity on how changes would be implemented and which sections were affected. Figure
6(b) captures a broader group discussion in which participants debated multiple design
items, combining both VR-immersed users and screen-based participants. These ses-
sions confirmed that hybrid participation is feasible, although headset users reported
greater immersion and focus compared with those joining via desktop.

Fig. 6. Model modification and interdisciplinary discussion. (a) Overlay of suggested design
changes within the shared BIM model. (b) Group interaction and debate on multiple design
items across VR and desktop interfaces.
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Participants highlighted increased engagement and inclusivity during collaborative ses-
sions. The avatar-based presence helped maintain meeting etiquette, while shared
model viewing supported more focused discussions. However, several challenges were
noted. Performance varied across devices, with some latency occurring during the ren-
dering of complex geometries and lower-bandwidth connections. Extended VR ses-
sions also caused discomfort for some users, including dizziness and loss of balance.
Additionally, varying levels of familiarity with VR controls created a learning curve,
indicating the need for onboarding and training.

Even though several limitations were found, the integration of BIM and XR within
Horizon Workrooms was positively received. Early stage planning, stakeholder en-
gagement and interdisciplinary coordination were improved with XR as demonstrated
by the hands-on sessions. The framework shows strong potential for improving produc-
tivity and sustainability in construction project delivery, as evidenced by the reduced
reliance on physical travel and real-time design evaluation with virtual collaboration.

5 Discussions

This study investigated the integration of Building Information Modelling (BIM) and
Extended Reality (XR) within a Metaverse environment, with a focus on remote project
management, stakeholder collaboration, and immersive visualisation. The study's find-
ings highlight the potential and limitations of adopting XR technology in construction
project workflows. There was an accelerated shift towards the digital distributed work-
ing models that stressed the need for collaborative tools which go beyond the traditional
tools like email, online meeting and file sharing when COVID-19 hit the world. The
results from this case study put forward the Metaverse-based collaboration platform as
a viable solution for addressing such needs. By enabling stakeholders to interact with
federated BIM models at scale, supported by real-time communication features such as
spatial audio, avatars, and virtual whiteboards, the framework enhanced spatial aware-
ness, strengthened engagement, and improved the efficiency of design coordination.

The use of avatars contributed positively to participant presence and meeting eti-
quette. While avatar realism in terms of facial expression remains limited, gestures and
spatial positioning offered sufficient cues to replicate aspects of non-verbal communi-
cation. This indicates that even with current technological constraints, avatar-based col-
laboration can approximate the dynamics of physical meetings. Future advances in pho-
torealistic avatars and facial tracking could further improve inclusivity and authenticity
in virtual collaboration. Communication quality was generally strong, particularly due
to the use of spatial audio, which made conversations more natural and intuitive. How-
ever, participants noted that multilingual collaboration remains a challenge. The poten-
tial integration of real-time translation or subtitles represents an important area for fur-
ther research, as it could increase accessibility for multinational teams and reduce lan-
guage barriers in global projects.
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With respect to model interaction, the integration of BIM into the XR environment
enhanced design comprehension and facilitated intuitive problem-solving. Participants
reported a higher ability to detect conflicts such as clearance issues and misalignments,
compared with reviewing 2D drawings or desktop-based 3D models. This validates the
growing body of research that positions XR-enhanced BIM as a powerful tool for col-
laborative design review. Nevertheless, limitations in visual fidelity were observed.
Certain material textures and reflective surfaces were not rendered with full accuracy
(e.g. transparency), which reduced realism and could impact decision-making in design
contexts where material finish is critical. Improvements in rendering algorithms and
device performance are therefore necessary to achieve fully immersive visual quality.
Device performance varied, with latency observed in complex models or under lower
bandwidth conditions. Technical and ergonomic challenges were also noted. Some us-
ers experienced discomfort during prolonged VR sessions, highlighting the importance
of ergonomic headset design and user adaptation periods. Additionally, differences in
VR proficiency across participants affected collaborative efficiency, reinforcing the
need for onboarding and training sessions.

The findings from the study confirm that XR-enabled collaboration has transforma-
tive potential for construction project management. It is also observed that there is a
greater impact in early-stage planning and multi-stakeholder engagement. While tech-
nical limitations remain, the study provides evidence that immersive environments can
improve communication, reduce travel, and contribute to broader sustainability objec-
tives by supporting remote collaboration.

6 Conclusion

This paper presented a Remote Collaboration Framework that integrates Building In-
formation Modelling (BIM) and Extended Reality (XR) technologies within a
Metaverse environment. Through a case study using the Student Life Building and the
Meta Horizon Workrooms platform, the study demonstrated how immersive environ-
ments can enhance spatial awareness, strengthen communication, and support cross-
disciplinary collaboration in construction projects. The research results showed that
XR-based Metaverse systems replicate the dynamics of face-to-face meetings while
limiting physical travel needs, which supports environmental sustainability and digital
transformation initiatives. The study revealed multiple challenges such as device per-
formance issues, rendering quality problems, user comfort during long VR sessions and
differences in user technical abilities. These challenges highlight the importance of
onboarding, training, and continued refinement of XR platforms to ensure effective
adoption.

The case study demonstrated BIM-XR integration through Metaverse technology
which shows great potential for future remote project management systems. The frame-
work serves as an essential tool to increase productivity while helping construction pro-
jects meet sustainability goals through better team communication and coordination.
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Future research needs to focus on developing virtual environment realism and making
XR technology accessible to all users. The complete realisation of virtual environments
for efficient project delivery requires additional research into intelligent collaboration
tools.
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