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Construction projects have long suffered from communication gaps and coordination 
challenges, resulting in design conflicts, inefficient decision-making, and rework. This 
study aimed to develop and conduct a preliminary evaluation of a Virtual Reality (VR)-
Building Information Modelling (BIM) integration framework to support decision-
making and workflow optimisation in construction projects. The proposed framework 
was developed through a structured literature review and enriched by expert 
perspectives obtained through discussions with construction professionals. The 
framework comprised six interconnected layers linking digital project information, 
immersive visualisation, stakeholder interaction, decision-making, and workflow-
related outcomes. A preliminary evaluation was conducted through an expert survey 
involving 31 experienced construction professionals in the United Arab Emirates. 
Respondents generally considered the framework clear, logically organised, and useful 
for improving project understanding, multidisciplinary coordination, communication, 
and decision-making during project reviews. Overall, respondents supported the 
framework but expressed moderate concerns regarding its practical implementation. 
The survey results suggested that the framework could support construction 
coordination and review activities, although further empirical validation remained 
necessary. This study contributes a structured VR-BIM integration framework together 
with an initial expert evaluation. The proposed framework provides a basis for future 
empirical validation and implementation in construction projects. 
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1. Introduction 
 

Effective review and coordination processes are critical for the successful delivery of construction 
projects. During the project lifecycle, particularly during design and construction, project teams 
manage large volumes of information, identify potential conflicts, evaluate design options, and make 
decisions that affect project performance and delivery [1,12]. Although digital technologies have 
advanced considerably, many projects still encounter challenges including communication gaps, 
coordination difficulties, design conflicts, rework, and delays [17,19].  For instance, previous studies 
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have shown that rework remains a significant contributor to cost overruns and schedule delays in 
construction projects, with reported impacts ranging from approximately 5% to more than 10% of 
project costs in some cases [10,29]. These problems often arise from differences in how project 
teams interpret information or from issues overlooked during review activities [4,15,24]. The 
situation becomes even more challenging in large, multidisciplinary projects where decisions depend 
on accurately understanding complex and interdependent design information. As coordination 
challenges continue to place pressure on project teams, many organisations have turned to BIM to 
manage and communicate design information more effectively. 

BIM has significantly changed how project information is created, managed, and exchanged 
within the Architecture, Engineering, and Construction (AEC) industry. Compared with conventional 
two-dimensional documentation, BIM offers integrated digital models that combine physical building 
geometry with project-related information, which supports design development, coordination, and 
project planning [3,7,23]. This approach has become a core platform for multidisciplinary 
collaboration across project teams [6]. However, rich BIM data alone does not ensure consistent or 
effective interpretation by project teams [16,28]. Coordination still requires stakeholders to 
understand spatial relationships, review model content, communicate observations, and make 
informed decisions. A detailed BIM model alone does not ensure effective coordination unless 
project participants can interpret and use the information appropriately. 

In practice, many project reviews are still performed through desktop-based BIM environments 
[8,20]. These environments allow users to view BIM models on screen; however, they do not 
necessarily facilitate the interpretation of complex spatial configurations and cross-disciplinary 
interactions [26], especially in large and information-rich projects. This limitation is further intensified 
by the fact that project review meetings may include non-technical stakeholders with varying levels 
of BIM experience [28]. (Previous studies have demonstrated that BIM environments may not 
consistently provide an intuitive understanding of spatial information for all participants, especially 
non-technical stakeholders [13,22]. Such limitations in review practices can hinder meaningful 
engagement and timely decision-making [4].  

In response to these challenges, immersive technologies have attracted increasing interest in the 
construction domain. Virtual Reality (VR) enables stakeholders to experience digital project 
environments at full scale within an immersive three-dimensional environment [21]. For example, 
Prabhakaran et al., [18] highlighted that immersive environments have the potential to expand BIM-
based review processes, while other studies reported enhancements in project understanding and 
collaboration [2,11,26]. These research findings have contributed to growing interest in VR-BIM 
integration for design review and coordination activities in construction projects. 

Although there is increasing interest in VR-BIM applications, much of the existing research 
addresses specific use cases rather than providing a holistic approach. For instance, previous research 
has focused on VR-BIM for immersive design visualisation, safety training, stakeholder engagement, 
or facility management [5,14]. Other studies have identified implementation challenges, including 
interoperability, organisational barriers, and technology adoption issues [16,18,25]. From an industry 
perspective, these limitations continue to affect the effective use of VR-BIM during project review 
and coordination. From a research perspective, despite the growing interest in immersive 
technologies, the literature still lacks structured frameworks that integrate immersive BIM 
environments with project information, stakeholder interaction, decision-making, and workflow 
optimisation. Furthermore, few studies have proposed such frameworks with preliminary evaluation 
prior to practical implementation. 

To address this gap, this study aims to develop a structured VR-BIM integration framework for 
construction project review, decision-making, and workflow optimisation. The framework integrates 
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digital project information, immersive visualisation, stakeholder interaction, and decision-making 
within a unified structure. It was preliminarily evaluated through an expert survey involving 
experienced construction professionals to assess its clarity and practical applicability. This study 
contributes a structured VR-BIM integration framework with a preliminary expert evaluation, 
providing a foundation for future empirical validation and implementation in construction projects. 

 
2. Background Study 
 

The proposed VR-BIM integration framework was based on a review of literature related to BIM, 
VR, construction coordination, and workflow optimisation. The review examined BIM and VR-based 
approaches used in project review and coordination, together with stakeholder interaction and 
immersive review processes. Particular attention was given to recurring themes, research gaps, and 
practical challenges. Framework development was also informed by discussions with construction 
professionals. 

The analysis also considered barriers to VR-BIM adoption, including interoperability constraints, 
organisational readiness, implementation effort, and user acceptance [16]. These considerations 
ensured the framework reflected reported challenges while remaining relevant to construction 
practice. 

Selected representative VR-BIM studies are summarised in Table 1 to illustrate their primary 
contributions and research gaps. Together with the broader literature, these studies provide key 
insights into VR-BIM research and establish the rationale for the proposed framework. 

  
Table 1 
Key VR-BIM studies and highlighted research gaps 

Study Primary Contribution Highlighted Research Gaps 
(Zaker 
& Coloma, 
2018) 

Demonstrated the integration of 
BIM-VR for design review and project 
collaboration within a BIM-enabled 
workflow. 

Need for practical and affordable 
BIM-VR implementation 
approaches. 

(Safikhani 
et al., 2022) 

Provided a comprehensive review of 
BIM-VR applications across multiple 
AEC domains. 

User experience and interaction 
design require further investigation 
in BIM-VR. 

(Prabhakaran et 
al., 2022) 

Identified technical, organisational, 
and implementation
 challenges affecting immersive 
technology adoption in construction. 

Limited understanding of how 
immersive technologies can be 
effectively integrated into 
construction workflows. 

(Astaneh Asl & 
Dossick, 2022) 

Evaluated collaborative 3D 
coordination processes by comparing 
immersive VR and traditional BIM 
environments for remote teams. 

Limited evidence on decision-
making and workflow outcomes in 
collaborative VR-BIM 
environments. 

(Balin et
 al., 
2023) 

Reviewed immersive BIM 
applications supporting collaborative 
AEC processes and discussed future 
research directions. 

Lack of integrated BIM–immersive 
collaboration frameworks and 
limited empirical validation of 
decision-making applications. 

(Liu et al., 
2023) 

Examined research trends, 
development patterns, and emerging 
directions of BIM and immersive 
technologies. 

Lack of structured frameworks 
linking immersive technologies 
with BIM processes. 
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(Johansson 
& Roupé, 2024) 

Investigated real-world BIM-VR 
implementations in construction 
projects and documented practical 
applications. 

Limited evidence of VR-BIM 
implementation in construction 
workflows. 

(Van et al., 
2025) 

Identified socio-technical criteria 
influencing BIM and immersive 
technology integration in building 
projects. 

Lack of standardized 
methodologies for BIM-immersive 
technology integration. 

 
Collectively, the studies summarised in Table 1 show that VR-BIM research has primarily focused 

on specific applications such as design review, visualisation, collaboration, and stakeholder 
engagement [13,16,26]. While these studies have reported promising outcomes, relatively limited 
attention has been given to developing structured frameworks that integrate digital project 
information, immersive review, stakeholder interaction, decision-making, and workflow optimisation 
within a unified process. Furthermore, few studies have proposed such frameworks together with a 
preliminary expert evaluation before implementation. These observations formed the basis for the 
proposed VR-BIM integration framework developed in this study.  

 
3. Framework Development 

 
This study adopted a conceptual framework development approach followed by a preliminary 

expert evaluation survey. The framework was developed through four stages: literature analysis, gap 
identification, concept synthesis, and framework structuring, supported by industry discussions. 
First, the reviewed literature was analysed to establish how BIM and immersive technologies are 
currently applied during construction reviews and coordination. Second, research gaps were 
identified by comparing research objectives, methods, and outcomes across studies. Third, recurring 
concepts and functional requirements were synthesised, forming the basis for the framework 
components. Finally, these components were organised into a structured multi-layer framework 
reflecting the progression from project information to review interaction, decision-making, and 
workflow outcomes. The overall development process is presented in Figure 1. The resulting 
framework was intended as a conceptual structure for preliminary evaluation rather than a fully 
validated implementation model. 

 

 
Fig. 1. Framework development process incorporating literature review, industry discussions, and expert 
evaluation 
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Following framework development, a preliminary evaluation was conducted through an expert 
survey involving construction professionals in the United Arab Emirates. Participants were selected 
using purposive sampling based on their direct experience in project review, coordination, 
construction management activities, and the application of digital technologies within construction 
projects. Respondents represented a range of professional roles, including project management, 
engineering, consultancy, BIM-related functions, and construction coordination activities. This 
approach ensured that feedback was obtained from practitioners familiar with both BIM-based 
processes and the practical realities of project delivery. 

The survey instrument was designed to assess the framework’s clarity, logical structure, 
completeness, perceived usefulness, and practicality. The questionnaire items were derived from the 
proposed framework and the reviewed VR-BIM literature to ensure alignment with the study 
objectives. The internal consistency of the questionnaire was assessed using Cronbach's alpha (α = 
0.973). This indicates a high level of internal consistency among the questionnaire items [9]. 
Participants were first provided with a graphical overview of the framework to establish a common 
reference point. They were then asked to respond to a series of evaluation statements using a five-
point Likert scale ranging from strongly disagree (1) to strongly agree (5). Open-ended questions were 
included to capture qualitative observations, concerns, and suggestions that could not be fully 
expressed through scaled responses. 

In total, 31 valid responses were received from professionals representing consultancy practices, 
contracting organisations, client bodies, developers, and government authorities. As this study 
involved a preliminary expert evaluation, the emphasis was on obtaining informed professional 
judgement rather than achieving statistical representation. Given their industry experience, the 
respondents were well positioned to comment on the framework's relevance to project review and 
coordination activities. Quantitative data were analysed using descriptive statistics to summarise 
respondent characteristics and calculate mean scores for each evaluation criterion. Qualitative 
feedback was reviewed manually and grouped into recurring themes related to perceived strengths, 
implementation challenges, and suggested framework improvements. These themes were 
subsequently interpreted alongside the quantitative findings and compared with observations 
reported in the existing VR-BIM literature. 

 
4. Results and Discussion 

 
This section presents the proposed VR-BIM integration framework and the findings obtained from 

its preliminary evaluation. The framework is first described in terms of its conceptual structure and 
underlying rationale. Subsequently, the results of the expert evaluation survey are presented and 
discussed, followed by an examination of qualitative feedback and comparison with observations 
reported in previous studies. 

 
4.1 VR-BIM Integration Framework (Concept and Structure) 
 

Figure 2 presents the proposed VR-BIM integration framework developed from the literature 
review and gap analysis. The framework consists of six interconnected layers linking digital project 
information, immersive visualisation, stakeholder interaction, coordination, and project 
performance outcomes. 
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Fig. 2. Proposed VR-BIM integration framework for decision-making and workflow optimisation in 
construction projects  

 
The framework proposes that integrating these capabilities improves decision-making, 

coordination, workflow optimisation, and project performance. The six layers describe the 
progression from digital project information to broader project outcomes. Rather than treating VR 
as an isolated technology, the framework positions it within a sequence of activities in which project 
information is interpreted, discussed, evaluated, and translated into decisions. Each layer performs 
a distinct role while remaining dependent on the preceding layer. 

At the foundation of the framework is the Digital Information Layer (L1). Construction reviews 
depend on reliable project information. BIM models, specifications, schedules, cost data, and object 
metadata form the starting point of the framework. These information sources provide the basis for 
project evaluation. Incomplete or inconsistent data may compromise subsequent review activities. 

The Technology Integration Layer (L2) serves as the connection between BIM information and 
the immersive review environment. Before project information can be explored in VR, several 
preparatory steps are required, including data preparation, standardisation, model optimisation, 
BIM-to-VR conversion, and virtual environment configuration. These activities influence the usability 
of immersive review environments. The output is an integrated VR-BIM environment supporting 
review activities. 

The Immersive Construction Review Layer (L3) represents the point at which project information 
becomes actively explored and evaluated. Design, constructability, coordination, and safety reviews 
together with clash detection represent common review activities. Within an immersive 
environment, these activities can be undertaken while maintaining a stronger perception of scale, 
space, and spatial relationships than is typically possible through conventional screen-based reviews. 
This layer supports clear understanding of project conditions and potential issues. 

Understanding alone is rarely sufficient to influence project outcomes. Construction decisions 
normally involve multiple parties with different responsibilities and priorities. For this reason, the 
framework includes a dedicated Stakeholder Collaboration Layer (L4). Clients, consultants, 
contractors, and end users are positioned within this layer to emphasise the collaborative nature of 
project reviews. Improved access to project information and immersive visualisation may facilitate 
more productive discussions among stakeholders. 

The benefits generated through review and collaboration activities are expected to influence 
project decision-making and workflow management. This relationship is represented by the Decision-
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Making and Workflow Optimisation Layer (L5). The layer focuses on outcomes such as faster 
decisions, improved decision quality, reduced requests for information, and more efficient project 
processes. These outcomes support better coordination and project efficiency. 

The final layer extends beyond individual review activities and considers their broader 
implications for project delivery. The Built Environment Performance Layer (L6) captures outcomes 
such as reduced rework, improved project performance, support for digital transformation, and 
stakeholder satisfaction. These outcomes are not presented as guaranteed results. Instead, they 
represent the intended direction of improvement when the preceding layers operate effectively and 
in combination. In this respect, digital transformation is viewed as an outcome of better use of project 
information, improved collaboration, and informed decision-making rather than a technological 
objective. 

Overall, the framework follows a progression in which project information is transformed into 
understanding, understanding supports collaboration, collaboration contributes to decision-making, 
and improved decisions influence project performance. By linking these stages within a single 
structure, the framework provides a conceptual basis for examining how VR-BIM integration may 
contribute to construction project reviews and workflow improvement. Future empirical studies are 
needed to validate these relationships in construction projects. 

 
4.2 Survey Results (Quantitative Evaluation of Framework) 

 
A total of 31 valid responses were obtained from construction professionals representing 

different stakeholder groups within the construction sector. As shown in Table 2, consultants formed 
the largest respondent group (35.5%), followed by contractors (29.0%) and clients (22.6%). 
Government authorities and developers each represented 6.5% of the sample. This distribution 
provided perspectives from organisations involved in project planning, delivery, governance, and 
oversight, allowing the framework to be evaluated from multiple industry viewpoints. 

 
Table 2 
Respondent profile 
Organisation Type Frequency Percentage (%) 
Consultant 11 35.5 
Contractor 9 29.0 
Client 7 22.6 
Government 2 6.5 
Developer 2 6.5 
 Total  31  100.0  

 
The responses indicate generally favourable perceptions of the framework. Mean scores for all 

criteria exceeded 3.5 on the five-point scale, indicating positive evaluations across all criteria as 
shown in Table 3. 

 
Table 3 
Framework evaluation results 

Evaluation Criterion Mean SD 
Framework is clear and easy to understand 3.90 0.79 
Framework components are logically organised 3.90 0.70 
Framework adequately represents BIM-VR integration 3.74 0.73 
Improves project understanding among stakeholders 4.06 0.89 
Supports informed decision-making during reviews 4.00 0.86 
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Improves communication among stakeholders 3.97 0.84 
Improves multidisciplinary coordination 4.00 0.86 
Reduces misunderstandings during project reviews 3.97 0.84 
Contributes to reducing design revisions and rework 3.90 0.83 
Improves workflow efficiency 3.97 0.84 
Practical for implementation in construction projects 3.68 0.94 
Supports digital transformation initiatives 3.84 0.82 
Support for further development and implementation 3.94 0.81 
Improves decision quality 3.97 0.95 
Reduces review time 3.94 0.93 

 
All evaluation criteria scored above the neutral value of 3.0, indicating generally positive 

perceptions of the framework. The highest mean score was recorded for improving project 
understanding among stakeholders (4.06). This outcome is noteworthy because difficulties in 
interpreting project information are frequently cited as a source of coordination problems [13,28]. 
Respondents recognised the value of immersive environments in helping participants better 
understand project conditions and design intent. 

Scores relating to decision-making (4.00), multidisciplinary coordination (4.00), communication 
(3.97), decision quality (3.97), workflow efficiency (3.97), and reducing misunderstandings (3.97) 
showed minimal variation. Although the differences were small, respondents viewed the framework 
as more than a visualisation tool. Respondents viewed the framework as supporting broader 
coordination and review functions beyond visualisation. 

Support for further development and implementation also received a positive evaluation (3.94), 
despite respondents assessing a conceptual framework rather than a fully implemented system. This 
suggests that the framework structure and relationships between its layers are relevant to 
contemporary construction practice. The lowest mean score related to practical implementation in 
construction projects (3.68). While still above the neutral point, this result reflects a degree of caution 
among respondents. Comments received through the survey indicate that implementation 
challenges remain a concern. These include investment in hardware and software, integration with 
existing BIM processes, staff training requirements, and varying levels of organisational readiness. 
Such concerns are consistent with the realities of technology adoption in the construction industry, 
where operational constraints often influence the pace of implementation [18,25].  

Digital transformation was also viewed positively, with a mean score of 3.84. Although not among 
the highest-rated criteria, the result indicates recognition that immersive technologies may 
contribute to ongoing digitalisation efforts within the sector. The score suggests measured optimism 
rather than unconditional acceptance, reflecting the current maturity of VR adoption across the 
industry. Overall, the findings provide initial support for the proposed framework. The strongest 
responses were associated with understanding, coordination, communication, and decision-related 
activities, while implementation issues attracted greater caution. These findings suggest that 
respondents recognised the framework's potential while remaining mindful of the practical 
considerations of introducing new digital technologies. 

 
4.3 Expert Feedback and Comparison with Prior Studies 
 

In addition to the quantitative evaluation, respondents were invited to provide comments 
regarding the strengths, implementation challenges, and potential improvements associated with 
the proposed framework. Although the comments varied in depth and focus, several common 
observations emerged. Many respondents highlighted improvements in project understanding and 
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communication. They noted that immersive visualisation could help stakeholders better interpret 
project information, identify coordination issues earlier, and develop a shared understanding of 
project requirements. Several participants highlighted the ability of VR environments to improve the 
visualisation of design conflicts and support clearer discussions. Others emphasised that immersive 
reviews may help decision-makers understand complex project conditions that are difficult to 
communicate through conventional drawings or desktop-based model reviews. These observations 
are consistent with the quantitative findings, where project understanding, decision-making, 
communication, and coordination received some of the highest mean scores. 

Implementation emerged as a recurring concern across many responses. While respondents 
generally viewed the framework positively, many acknowledged practical barriers that could 
influence adoption. Common concerns included the cost of hardware and software, staff training 
requirements, integration with existing BIM workflows, and organisational readiness. Several 
respondents also referred to the need for stronger awareness of immersive technologies within the 
construction sector. These comments help explain why implementation practicality received the 
lowest mean score among the evaluation criteria. Rather than questioning the value of the 
framework, respondents appeared to be highlighting challenges commonly associated with the 
introduction of new digital technologies into established project environments. 

The comments also pointed to several areas where the framework could be further developed. 
Multi-user collaboration within the same virtual environment was repeatedly identified as a desirable 
enhancement. Other recommendations included improving interoperability with different BIM 
platforms, incorporating user feedback mechanisms, introducing performance indicators, and 
providing structured training programmes to support implementation. Some respondents 
additionally suggested incorporating risk management considerations and more explicit performance 
measurement capabilities. These recommendations suggest that practitioners view the framework 
as a useful foundation while recognising opportunities for refinement. 

Several observations are consistent with earlier VR-BIM studies. Safikhani et al., [21] highlighted 
the ability of immersive technologies to improve visualisation and stakeholder understanding, while 
Astaneh Asl and Dossick [2] reported benefits associated with collaborative review environments. 
The responses in this study point in a similar direction, particularly regarding communication, 
coordination, and decision-making. At the same time, the implementation concerns identified by 
respondents reflect challenges previously reported by Prabhakaran et al., [18] and Van et al., [25], 
particularly those associated with adoption barriers, integration complexity, organisational 
readiness, and technology deployment. 

The feedback was not limited to visualisation-related advantages. Many comments linked 
immersive review environments to broader project outcomes, including improved coordination, 
clearer communication, and more informed decision-making. This perspective is consistent with the 
underlying premise of the proposed framework, which positions VR-BIM integration as part of a 
wider coordination and workflow process rather than merely a visualisation tool. These findings 
suggest that the value of VR-BIM extends beyond immersive visualisation. The proposed framework 
links digital project information, stakeholder interaction, decision-making, and workflow processes 
within a single structure, supporting a more integrated approach to construction project review and 
coordination. The practical concerns raised by respondents also highlight the need for further 
empirical validation under real project conditions. From a practical perspective, the framework 
provides construction managers, BIM specialists, consultants, and other stakeholders with a 
structured approach for integrating immersive technologies into project review and coordination. 
Although further validation is required, the preliminary findings indicate that the framework could 
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support more consistent communication, informed decision-making, and workflow management in 
construction projects.  

 
5. Conclusion 
 

This study presented a VR-BIM integration framework intended to support project review, 
stakeholder interaction, decision-making, and workflow optimisation. Instead of treating VR as only 
a visualisation tool, the framework positions it within a sequence of activities that link project 
information, coordination, decision-making, and project performance outcomes. 

The results should be interpreted within the context of the limitations of the study. The 
framework was evaluated through an expert survey and not in an active project environment. 
Furthermore, the survey was conducted with a relatively small number of professionals working in 
the United Arab Emirates. These participants offered informed industry insights, but the findings 
should not be taken as representative of the broader construction industry without further research. 

The proposed framework represents an early outcome of an ongoing research project and will be 
further validated through experimental studies involving real construction project scenarios. Future 
studies will examine whether the perceived benefits translate into measurable improvements in 
coordination effectiveness, review efficiency, decision quality, and workflow performance. 
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