
________________________________________________________________________________ 

   

1 

 

 

 

Transforming Construction with Off-site Methods and Technologies - TCOT 2026 
Conference 

 

August 18-20, 2026, Newcastle upon Tyne, UK 
________________________________________________________________________________ 

 

INTEGRATION OF BUILDING INFORMATION MODELLING (BIM) AND 
VIRTUAL REALITY (VR) FOR COLLABORATIVE DESIGN REVIEW: A 
COMPARATIVE STUDY 

Thomas, S.1, RazaviAlavi, S.2*, Suliman1, A., Martinez Rodriguez, P., and Kaushik1, A. 
K. 
1 Department of Architecture and Built Environment, Northumbria University, UK 
2 Arcadis, Canada 
* reza.razavialavi@arcadis.com 
  

Abstract: The increasing complexity of Architecture, Engineering and Construction (AEC) projects 
necessitates more effective communication among various stakeholders, and places high demands on 
streamlining the design information and workflows. This research aims to conduct a comparative study by 
integrating Building Information Modelling (BIM) and Virtual Reality (VR) into the design phase of 
construction projects using two VR platforms: Arkio and Vrex To this end, a framework consists of three 
main components has been developed: (1) the BIM model component, which contains the geometry, 
semantic and orientation data of building elements; (2) the data transformation component, which transfers 
the data from the BIM model to VR ; and (3) the collaborative design review component, which integrates 
BIM with VR, and provides several functions for facilitating collaborative design review. The developed 
framework was applied to a case study to demonstrate its validity and practicality, and analyze various 
capabilities of Arkio and Vrex. The results show the potential of BIM-VR integration for improving cross-
disciplinary collaboration and informed decision-making in the design phase. This research assists 
practitioners in incorporating BIM and VR in their design review workflow, which will reduce the design time 
and its associated cost, and eliminate design errors caused by lack of collaboration or inefficient 
communication.  
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1 INTRODUCTION 

In the Architecture, Engineering, and Construction (AEC) industry, communication among stakeholders is 
vital, particularly in complex projects, which necessitates effective collaboration to enable successful 
completion of the projects. Design reviews are essential in the design processes where reviewers assess 
work, make critical decisions, set objectives, and plan further actions to guarantee the efficacy and quality 
of the design (Horvat, Kunnen, et al., 2022; Yu et al., 2022; Howie et al., 2023). The lack of data 
transmission, and low level of understanding among the multidisciplinary stakeholders during design and 
construction phases are the primary problems that contribute to the failure of projects in meeting their 
requirements (Tea et al., 2021). Collaboration during the design stage can lower the chances of failures 
and the cost of reworks in the later stages. The performance of construction projects can be improved by 
interactive communication between the project's stakeholders on the core project requirements. Effective 
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communication between stakeholders can enhance the quality of the design and by reducing ambiguities 
and design flaws.   

Numerous studies noted VR) as one of the innovative and promising technological developments to support 
collaborative designs (Wen and Gheisari, 2020; Menegon and da Silva Filho, 2022; Adriana Cárdenas-
Robledo et al., 2022). VR enhances collaboration by offering shared visualizations and immersive settings 
that enable interaction between distant engineers, stakeholders, and clients. This eliminates the need for 
physical presence during design reviews thus eliminating geographical barriers of remote stakeholders.  
The rise of BIM practices in the AEC industry has promoted BIM-based VR applications in the projects. 
Data visualisation in the BIM-based immersive virtual environment could assist and enhance design 
collaboration; in particular, visualisation of data in such environment during the design process could lead 
to a deeper understanding among collaborators (Yu et al., 2022; Prabhakaran et al., 2021). Despite the 
increasing demand for BIM and VR in design review, engineering teams are lagging in adopting these 
technologies due to the lack of knowledge for incorporating it into the design workflow (Howie et al., 2023). 
Thus, this research aims to develop a framework for incorporating BIM-VR integration in the current design 
workflows to enhance virtual collaboration and communication. The developed framework intends to 
connect remote project participants in a common virtual setting for a collaborative design review. A 
background literature study was carried out to summarise the results of studies related to collaborative 
design using VR in the AEC industry. Then, a conceptual framework for utilising BIM and VR is proposed 
to improve collaborative design review. A case study was used to demonstrate the implementation of the 
framework and its applicability in real-life projects. Finally, a discussion of the results is provided, and a 
conclusion offering summary of the research, and recommendations for future research is presented.  

2 LITERATURE REVIEW 

This section reviews the literature related to the design review, and the applications of VR and BIM-VR 
integration that can improve design review process, along with the existing VR technologies and their 
challenges in the AEC industry. 

2.1 Traditional Design Approaches 

Traditional design review processes in the AEC industry have long relied on static 2D drawings, fragmented 

document exchanges, and in‑person coordination meetings that require all stakeholders to interpret 

complex information independently. These reviews often occur through disconnected channels such as 

email threads, markups on printed plans, and siloed software platforms, making it difficult to maintain a 

single source of truth or ensure that everyone is working from the latest design iteration. As a result, design 

intent is frequently communicated in ways that are slow, inconsistent, and highly dependent on individual 

interpretation. Ineffective communication among project stakeholders is one of the key issues in the AEC 

industry, particularly in assuring shared perspectives across geographically distant stakeholders. Poor 

stakeholders’ communication frequently leads to misconceptions, misinterpretations, and lack of knowledge 

that can negatively impact the quality, timeliness, cost, and safety of a construction project (Du et al., 2018; 

Zhang et al., 2020; Osorto Carrasco and Chen, 2021). Effective communication between coworkers and 

other specialists is crucial for final project design and delivery, as insufficient coordination can cause 

discipline-based conflicts (Safikhani et al., 2022; Prabhakaran et al., 2020). Another issue with the use of 

2D designs for project communication is that it limits end-user input, which hinders innovative design and 

entail long-term dissatisfaction (Potseluyko et al., 2022; Davidson et al., 2019). This is because technical 

drawings and 2D pictures are not intuitive enough for clients without sufficient background in architecture 

and engineering to visualise their future developments and choose the specifics and additions they need. 

Therefore, efficient information and data visualisation is essential for lowering complexity and increasing 

efficiency in complicated projects. 

2.2 Collaborative Design Using VR and Integration of BIM with VR 

Early collaboration in the architectural and engineering design process decreases risks of costly changes 

and rework in the later phases of the projects. Design reviews, when effectively conducted, increase the 
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likelihood of producing a product with the necessary reliability, quality, performance, and safety as well as 

the possibility of cutting project delivery cost and time (Wolfartsberger, 2019; Prabhakaran et al., 2020). 

The issue of fragmentation between design and construction disciplines, which leads to ineffective work 

practices and expensive late adjustments in the construction phase, can be directly addressed by early 

collaboration in the right environment (Heydarian et al., 2015). Building Information Modelling (BIM) is one 

of the most useful technologies to assist design review. Integrated information management using BIM 

enables the AEC industry to model, interact, collaborate, and integrate sustainable design and construction 

needs and actions throughout the entire project lifecycle (Wang et al., 2022; Wang et al., 2023; Getuli et 

al., 2020). Despite the growing applications of BIM in the design review, BIM still faces some challenges 

due to the complexity of collaborative design changes such as real-time visualization and communication 

for redesigning 3D models and design updates (Omrany et al., 2023; Panya et al. 2023). BIM integration 

with VR can enhance collaborative design by blurring the boundaries between the real and virtual worlds, 

thereby supporting end users' decision-making processes (Cheng, Chen and Chen, 2020; Aref Maksoud 

et al., 2023).  

VR is a sophisticated communication platform that supports numerous aspects such as synchronous chat, 

audio chat, and a shared virtual workplace for oral and visual communication (Podkosova et al., 2022; 

Boton, 2018). VR enables an immersive exploration, facilitating communication and understanding among 

participants, regardless of professional background or expertise. Visualizing data in immersive BIM-based 

virtual environments can enhance design collaboration, fostering deeper understanding among 

collaborators during the initial design stages (Yu et al., 2022; Prabhakaran et al., 2021). VR aids in 

visualising the comprehensive information available in a BIM model and produces real-time interactive 

project visualisation for a reliable shared understanding among the main project stakeholders (Berg and 

Vance, 2016; Schiavi et al., 2022).  Visualizing data in immersive BIM-based virtual environments can 

enhance design collaboration, fostering deeper understanding among collaborators during the initial design 

stages (Yu et al., 2022; Prabhakaran et al., 2021). Users can have safe, immersive, and realistic 

experiences in VR, some of which are challenging to replicate in actual environments. Immersive virtual 

reality (ImVR) is an advanced type of VR that provides users with a deep level of immersion and more 

seamless and realistic experience (Ehab and Heath, 2023; Horvat, Kunnen, et al., 2022). Using head-

mounted displays (HMD), which allow users to see the designed environment, and immersive walkthrough 

at a 1:1 scale, has also become more practical in recent years (Roupé et al., 2020; Zhang et al., 2023). An 

immersive virtual environment enhances user perception, memory, problem identification, and 

collaboration, encouraging creative problem-solving techniques among design partners (Ehab and Heath, 

2023). 

BIM-based VR has enormous potential for design visualisation to improve communication and better grasp 

design complexity, while cloud-based multi-user VR systems have attracted interest for distant stakeholder 

engagement (Truong et al., 2021). Wolfartsberger (2019) proposed a virtual reality tool “VRSmart” that 

visualises CAD data, facilitating decision-making, and increasing workflow effectiveness by intuitively 

checking for design flaws and fostering improved communication. Du et al. (2018) introduced CoVR, a 

cloud-based virtual reality headset system that gathers BIM design data and generates a multiuser 

collaborative virtual environment for distant project stakeholders. Lin et al. (2018) developed a Database-

supported VR/BIM-based Communication and Simulation (DVBCS) system to improve the communication 

and simulation performance integrating BIM, game engine, and VR technologies for healthcare facility 

design in the semi-immersed VR environment. VR-assisted design review attempts towards increased 

presence to enhance user experience, discover design flaws, and improve visual perception. 

3 PROPOSED FRAMEWORK 

The proposed framework for collaborative design review consists of three main components: (1) BIM Model, 

(2) Data Transformation, and (3) Collaborative Design Review using integrated BIM-VR Model, as shown 

in Figure 1. 
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Figure 1: Conceptual framework for BIM-VR design review. 

BIM Model, which provides the main design input, can include i) the geometry of the building elements such 

as architectural, structural, and MEP elements, ii) their semantic data such as material specifications, and 

iii) building orientation, which is necessary for lighting and sun studies. By creating BIM models, data can 

be stored and managed more efficiently, and information can be shared in various dimensions, enabling 

real-time information transmission (Kim et al., 2021). In the next stage, once the BIM Model is ready, it will 

be transformed and imported into a VR platform. This process entails geometry and semantic data 

transformation from BIM to the VR environment. Most of the existing VR platforms have facilitated this 

process by developing plug-ins that can be used in the commonly used BIM tools such as Revit and 

Navisworks, or by importing Industry Foundation Classes (IFC) files, which provide more flexibility with 

using any BIM tool. This transformation could be executed on the cloud storage or the local disk storage. 

The imported BIM model to VR can be visualised in immersive VR using Head-mounted VR headset or 

non-immersive VR using desktop computers, tablets or mobile phones. Multi-user VR platforms enable 

participants to work together in the same virtual space, which is necessary for collaborative design review 

sessions (Podkosova et al., 2022). Finally, an integrated BIM-VR model is produced to support collaborative 

design reviews. In the collaborative design review, the users can walk through the model, which allows 

them to explore and interact with objects in real time (Sampaio, 2018). The design reviewers can 

communicate and document the design issue in real-time in a collaborative virtual meeting. Following the 

design review, any required changes are documented and can be applied to the BIM model. The next 

revision of the design can be reviewed until the design review process is complete. In the next section, the 

implementation of the proposed framework in a case study is presented. 
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4 CASE STUDY 

The proposed framework was applied to a university building in the UK to examine its efficiency and 

practicality. The complex design of the building made the design review process time-consuming and 

tedious necessitating a collaborative design review. The BIM model of the building was developed in Revit, 

and two VR platforms, i.e., Arkio and Vrex, are used to conduct the design review. The aim is of the case 

study is to demonstrate validity and practicality of the proposed framework. The functionalities of these 

platforms for design review are also evaluated from different aspects such as the efficiency of the data 

transformation process, the interoperability of the VR platforms, and the available tools in the platforms for 

collaborative design review.  

4.1 Design Review in Arkio Platform 

Using the Arkio plug-in for Revit, the Revit model of the buildings can seamlessly be imported into the VR 

environment, which facilitates the data transformation process from BIM to VR. Following the steps 

identified in the proposed framework, the design review process was done as demonstrated in Figure 2.  

The walkthrough feature in Arkio allows exploring the VR using the view tool to access different elevations, 

the orbit tool to freely tilt the model, and the teleport tool to quickly jump to points in the model. 

         Figure 2. Implementation of the conceptual framework using Arkio. 

Furthermore, the Arkio platform facilitates collaborative design through real-time rendering, multi-user 

model modification, element inspection, lighting and sun study tools, and issue log generation. Real-time 

rendering functionality allows quick visualization of 3D model changes in VR, aiding in quick decision-

making during design review. In this case study, two model modifications were applied. Multi-user VR 

interaction allows real-time model modifications of the model during design review, which can then be 

exported back as native Revit geometry.  The location and orientation of the site could be determined using 

Arkio's 3D map feature to get the desired lighting and sun effect on the building, which saved significant 

time and effort in bringing the design to the appropriate scale and context. Additionally, Arkio platform allows 
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the inspection of the model elements inside the VR environment by creating a section, which assists in 

concealing unwanted elements, and by highlighting the components of the same type (e.g., walls). The 

semantic data of the BIM model can also be retrieved and displayed for inspection in the VR environment.  

Issue logs for any clashes or other issues noted can be generated using sticky notes and note views, and 

alternative design suggestions can then be added through the model modification feature. Finally, by 

exporting the VR model to Revit using the Arkio-Revit plug-in, the identified design issues can be rectified 

in Revit, and the review cycle is repeated. 

4.2  Design Review in Vrex Platform 

In the second experiment, Vrex platform served as a VR environment for the design review. Given the 

limitation of no direct data transformation from Revit to Vrex, the Revit 3D model was converted to 

Navisworks file format, enabling a smooth data transformation of the model into the VR environment using 

the Vrex plug-in for Navisworks. The design review process was carried out following the processes outlined 

in the proposed framework, as shown in Figure 3.   

Figure 3. Implementation of the conceptual framework using Vrex. 

Vrex supports the VR walkthrough feature using the point-and-click tool for teleporting to any point, the fly 

option to freely navigate the floors, and the orbit option to freely tilt the model. Vrex also offers collaborative 

design review through real-time rendering, material inspection and issue log updating. Vrex can be 

integrated with some Common Data Environment (CDE) platforms such as BIM 360, Aconex and BIMcollab 

for sharing the design review information and the identified issues between different stakeholders. In this 

study, BIMcollab was used for issue log updating, which supports the creation of issue viewpoints. 

Furthermore, the issue manager allows users to teleport to the established viewpoints for addressing the 

BIM Collaboration Format (BCF) issues, which  will be uploaded to the BIMcollab cloud, facilitating 
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seamless issue log management through its interaction with other BIM tools. The model information tool in 

Vrex enables the inspection of model elements by reviewing the attributes of BIM objects in the building 

and hiding unwanted sections. 

Real-time rendering in a VR environment with the Vrex plugin aids in identifying and reviewing issues. The 

Navisworks software can be used for detecting clashes, which can be added as BCF issues through the 

BIMcollab plugin, and then transferred into the VR environment for design review using the Vrex plug-in. 

Once the design is reviewed, and the comments and suggestions for rectifications are documented, the 3D 

model can be modified in Revit software, and the review cycle continues until the final project design is 

achieved. 

5 Discussion 

The conducted case study demonstrated the practicality and applicability of the proposed framework for 

collaborative design review. Using two VR platforms for the case study project implied that the framework 

is flexibly adoptable across different multi-user VR platform. The choice of the platforms is influenced by 

the project needs as well as the existing workflow of the design review processes. Analysing the case study 

revealed that VR can provide an effective collaborative space for the design review. Both Arkio and Vrex 

proved the capabilities expected from BIM-VR integration specified in the literature, such as real-time 

rendering enabling quick visualisation of design changes to assist in quick decision-making, immersive data 

visualization enhancing the overall design workflow, ease of communication during review, and reduction 

of review time and cost (Schiavi et al., 2022). Arkio supported seamless data transformation of the Revit 

data into VR while Vrex required an intermediate step of file conversion (i.e., use of Navisworks). Arkio 

excelled at multi-user model modification by allowing the users to manipulate objects at any scale in the 

VR environment. Furthermore, Arkio supported sun studies which could save significant time and effort in 

achieving the desired lighting inside the building. On the other hand, Vrex has more interoperability 

capabilities by offering integration with CDE platforms such as BIMcollab, which facilitates documentation 

of design issues and revisions by collecting the location, snapshots, and user input data of the issue.  

The case study highlights that integrating the proposed BIM-VR framework into design review processes 

addresses common challenges such as poor stakeholder collaboration, ineffective communication with 

non-experts, and inefficient management of design information. VR’s interoperability, ability to connect with 

CDE platforms, and immersive visualization capabilities enhance stakeholder engagement, streamline 

communication, and reduce review time and costs. However, the adoption of this framework faces 

limitations including the need for costly high-end VR equipment, complex model conversions, restricted 

model interaction on some VR platforms, and the requirement for specialized expertise and organizational 

digital maturity, which can be barriers especially for smaller firms. 

6 Conclusion 

The integration of BIM and VR has been considered a novel and practical approach in the AEC industry for 

promoting collaboration among the stakeholders for design reviews given the growing complexity of modern 

construction projects. This research proposed a framework to assist the practitioners in incorporating BIM 

and VR into the design workflow to facilitate collaborative design reviews. The proposed framework utilised 

BIM  to create the BIM model containing 3D visualization of the project and other attributes of the building. 

Transforming the BIM model to VR, an integrated BIM-VR model with various functionalities can be used 

for design reviews. The research used two VR platforms in a case study to illustrate the framework's validity 

and practicality in a complex project. Despite limitations like high-end device requirements, interoperability 

issues, and lack of knowledge, the findings showed the potential of immersive BIM-VR environments for 

cross-disciplinary collaboration and quick decision-making. The main contribution of this research is to 

conduct a comparative study that assists the AEC industry practitioners in understanding the capabilities 

of two VR platforms and incorporating BIM and VR in their design review workflow, which will reduce the 
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design time cost, and errors. Future research can be done by evaluating and comparing effectiveness of 

different VR approaches including immersive, semi-immersive and non-immersive VR in the design review 

process. 
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