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The integration of Building Information Modeling (BIM) and Virtual Reality (VR) in architecture,
engineering, and construction (AEC) education represents a transformative approach to immersive
learning and operational efficiency. This research project conducted a multi-phase study to
implement and assess the impact of BIM-VR technologies. Initially, it explored the theoretical
foundations and technical methods for integrating data models into VR environments, enhancing
visualization and interactive learning. The study then uses the Sim Lab extension method to
seamlessly compare virtual models and their real-world counterparts. Through a series of structured
activities, students engage in 2D drafting, 3D modeling, and immersive VR experiences, bridging
the gap between theoretical design and practical application. A comprehensive questionnaire assesses
the impact on student motivation, satisfaction, work quality, and efficiency. The findings highlight
the positive acceptance and significant educational benefits of BIM-VR integration, providing
valuable insights for educators, practitioners, and policymakers to enhance pedagogical outcomes
and project performance in the AEC sector.
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Introduction

The architecture, engineering, and construction (AEC) industry is increasingly adopting advanced
technologies to enhance educational and professional practices. Among these, Building Information
Modeling (BIM) and Virtual Reality (VR) stand out for their potential to revolutionize learning and
operational efficiency. BIM allows for the creation of detailed digital representations of buildings,
facilitating better design, construction, and management processes. VR, on the other hand, offers
immersive experiences that can significantly enhance understanding and engagement. This research
project aims to explore the integration of BIM and VR in AEC education, focusing on their combined
impact on student learning outcomes. The study is structured in multiple phases, beginning with an
exploration of the theoretical foundations and technical methods for integrating BIM data models into
VR environments. This integration is expected to enhance visualization and interactive learning,
providing students with a more comprehensive understanding of architectural concepts.
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This research provides students with a comprehensive and engaging learning experience. This
demonstration is structured as a series of activities to introduce students to the theoretical and practical
aspects of Building Information Modeling (BIM) and VR technology. Students participate in 2D
drafting and 3D modeling exercises. These basic functions are essential for understanding the basics of
architectural design and converting those plans into digital models. Using BIM method, students create
detailed architectural plans that serve as the basis for the next steps. After creating digital models,
students participate in physical walkthroughs. This phase bridges the gap between theoretical design
and concrete experience, allowing students to explore spatial relationships and the physical scale of
their designs in a controlled environment. The next phase involves exploring models in a VR
environment. In this phase, students use VR headsets to immerse themselves in a virtual representation
of their projects. This immersive experience is essential to understanding spatial dynamics and making
detailed design assessments from the student's perspective. This hands-on experience of adapting
dynamic design in a virtual environment enhances their understanding of architectural aesthetics and
functionality culmination. The activity is the visualization of construction projects in a virtual
environment. Students apply their knowledge of BIM and VR to create or modify architectural designs
and then combine them with a VR environment for immersive visualization and presentation. This
process facilitates real-time interaction and feedback and prepares students for client presentations by
simulating real-world scenarios (Adhikari et al., 2023). Virtual walkthroughs with VR and BIM models
in the construction sites provide students with an overview of the various stages of construction, spatial
relationships, and potential obstacles, further enriching their learning experience. In the third step, a
comprehensive questionnaire based on the AEC framework was conducted on students to assess the
impact of BIM-VR integration on motivation, satisfaction, work quality, and efficiency, and to gather
feedback on the immersive learning delivered by these technologies. Responses showed a positive
acceptance of the immersive and interactive features of BIM-VR, highlighting its potential to
significantly improve the educational landscape. The survey for students was conducted using Qualtrics.
This study provides valuable insights into the practical benefits and challenges of BIM implementation.
VR integration provides a roadmap for educators, practitioners, and policymakers who want to use these
technologies to improve pedagogical outcomes and project performance in the AEC sector.

Background

The integration of Building Information Modeling (BIM) and Virtual Reality (VR) presents an
innovative approach to interactive learning in architecture and construction education. Recent studies,
such as those by Bashabsheh et al. (2019), demonstrate that VR technology, when integrated with BIM,
promotes a student-centered learning approach and significantly improves students’ ability to
understand complex architectural projects. BIM and VR technologies offer 4D visualizations of
building components, providing deeper insights into the construction and architectural design process.

This study aims to contribute to academic innovation in architecture by exploring the effectiveness of
BIM and VR in improving student learning outcomes, engagement, and enjoyment. These technologies
facilitate the transfer of knowledge through immersive experiential learning environments, allowing
students to explore and interact with complex architectural models in a virtual setting (Chen et al.,
2020). This integration enhances students’ understanding of architectural concepts, spatial awareness,
design review skills, and collaboration abilities.

Despite their potential, integrating BIM and VR into educational curricula faces challenges, including
technological accessibility, steep learning curves for educators and students, and the integration of these
tools into educational settings (Sanchez et al., 2021). This research explores the effectiveness of
combining BIM and VR in construction management projects, drawing on various studies that highlight
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the current state of BIM and VR integration in academia, the educational benefits of immersive learning
environments, and the development of decision support systems for effective implementation (Bartosh
& Anzalone, 2019).

In addition to the studies mentioned, other research has shown the benefits of VR in enhancing spatial
awareness and design review skills (Latif et al., 2021). Wong et al. (2020) identified critical
technologies such as desktop VR, immersive VR, and BIM-enabled VR, which have been used for
architectural visualization, construction safety training, and structural analysis. Alizadehsalehi et al.
(2021) assessed the performance of AEC students using BIM-into-VR, highlighting the educational
benefits and challenges of these technologies. Recent advancements in VR and BIM applications in
education have shown significant potential for enhancing learning experiences. For instance, a study by
Abouelkhier et al. (2024) explored the use of 4D-BIM-based VR simulations in construction
management education, highlighting their effectiveness in improving error detection and student
performance.

Methodology

The methodology for this research involved a multi-phase approach to explore the integration of
Building Information Modeling (BIM) and Virtual Reality (VR) in architecture, engineering, and
construction (AEC) education. Initially, a conceptual analysis of BIM and VR was conducted based on
existing literature to understand their potential benefits and challenges in educational settings. This
phase aimed to establish a theoretical foundation for the integration of these technologies.

The second phase focused on the technical integration of BIM and VR using the Sim Lab plugin
approach. This method allowed for seamless incorporation of data models into VR environments,
enabling students to interact with virtual representations of their projects. The integration process
involved preparing data models using the BIM method to create detailed architectural plans. These plans
were then imported into VR spaces using Sim Lab to set up VR environments. Virtual walkthroughs
and interactive sessions were conducted to enhance students’ understanding of spatial relationships and
design elements.

In the third phase, a series of structured activities were designed to introduce students to BIM and VR
technologies. These activities included 2D drafting and 3D modeling exercises, where students created
digital models from architectural plans. Additionally, physical walkthroughs were conducted to help
students explore spatial relationships and scale. The immersive VR experience allowed students to use
VR headsets to immerse themselves in virtual representations of their projects, facilitating detailed
design assessments and interactive learning.

To evaluate the impact of BIM-VR integration, a comprehensive questionnaire was administered to
students. This questionnaire assessed various aspects, including motivation and satisfaction, work
quality and efficiency, and technical challenges encountered during the integration process. The data
collected from the questionnaires were analyzed to identify trends and insights, focusing on
understanding the practical benefits and challenges of BIM-VR integration and its impact on
educational outcomes. Figure 1 demonstrates flowchart of research methodology.
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Figure 1. Research Methodology Flowchart
Activities Demonstration on CAD vs. BIM vs. VR

At first, the authors integrated the BIM model into the Oculus Quest 2 VR headset through SimLab
using the Chrome interface. Second, the authors administered a pre-introduction survey to students to
test VR knowledge and thinking. Then, presenting the headset and demonstrating its use, the authors
presented what VR, XR, AR, and the latest applications are and how they can be used in construction
management. The authors provided the building's 2D plan and 3D plan to help students understand all
the details of the building model integrated into Oculus Quest 2. In the next step, the authors asked the
students to physically look at the model, walk through it, and measure the distance between the rooms
in the building, keeping a close eye on the physical building. The next step was to introduce VR, and
the authors divided the students into groups to visualize the model with headsets, demonstrating how
to integrate and visualize the model in Oculus Quest 2, and asked them to comment on the model. The
attached images show the stages of students' access to architectural models, moving from 2D planning
to immersive 3D interactions with VR, showing design with increasing awareness.
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Figure 2. 2D plan of Building model Figure 3. Understanding BIM Model

Figure 5. Students Interaction with VR

Summary of Data Analysis

Comparison of pre-demonstration and post-demonstration of VR
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During the descriptive analysis of the initial pre- and post-presentation data (Table 1), it was revealed
that the comparison in various aspects was based on the student's feedback.

Table 1. Comparison of Pre-Demonstration and Post — Demonstration VR

Cases Pre-Demonstration VR Post — Demonstration VR
Many students exhibited interest | Students admired VR's practical
and willingness to learn about applications, including viewing
VR applications, notably in 3D models and measuring.
construction and education.
The immersive experience was
Students had varying levels of praised for aiding comprehension
familiarity with VR; some of projects, and witnessing a
primarily used it for gaming. building in VR piqued the interest
I. Expectation vs of many.
Reality Queries raised included VR's
ability to isolate people and
cause motion sickness.
Students intended to obtain a Students noted improved
better grasp of VR and its understanding of model angles
applicability in a variety of and attributes through VR.
fields.
They found VR to be an effective
2. Learning and They wanted to examine how tool for understanding Building
Comprehension | VR technology may be applied Information Modeling (BIM) and
to their current field of study believed it could deliver
information in ways that
traditional approaches could not
No particular concerns were Some students reported technical
raised regarding potential difficulties with controls, software
technical challenges with VR; authorization issues, error
3. Technical the emphasis was on what VR messages, and adjusting to VR's
Challenges may bring. depth perception.
Students expected VR to provide | Following the demo, many
a new dimension to their students felt more engaged with
learning and improve their grasp | the subject matter. The hands-on
of hard topics. approach enhanced the learning
process by making it more
Engagement engaging and memorable.
4, with Subject
Matter However, several students did not

believe that the VR experience
engaged them more than
traditional approaches would
have.
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There were recommendations Post-demo, students had clearer
for VR to be introduced into ideas on incorporating VR into
5. Educational academic courses but without education, such as using it for
Integration solid ideas of how that would be | virtual field excursions, and
implemented. interactive activities, and to better
model design comprehension.

Overall, post-demonstration feedback indicates that students found VR to be an entertaining and useful
tool for visualizing and comprehending complex spatial relationships. It delivered an immersive
experience that conventional learning methods do not provide. Although technical challenges arose,
they did not appear to appreciably reduce enthusiasm for the technology's promise in education and
professional uses. However, it was recognized that VR should be used in conjunction with traditional
learning methods rather than as a replacement.

Respondent Insights:

The bar chart in Figure 6 shows students' opinions about the usefulness of VR before and after the
demonstration. Initially, none of the students found VR "very useful" and its positive reception was
mixed. After the demonstration, there was a significant increase in the number of those who found it
"very useful", indicating a significant improvement in perception. The hands-on experience clearly
increased the value of VR among students, which reduced the number of lukewarm and negative
responses.

The pie chart in Figure 7 depicts students' interests in various facets of virtual reality (VR). More than
half (52.17%) of respondents is particularly interested in learning about VR's potential for education.
Students have shown equal interest in gaming and simulations, with both at 17.39%. In contrast, the
entertainment components of VR appear to be the least appealing to students, with only 13.04%
expressing interest.
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Figure 6. Overall Student’s experience with VR

26



Transforming Construction Education... Adhikari and Vadlamudi

B Gaming
M Education
M Entertainment

m Simulations

Figure 7. VR Interest of Students
Pie charts in Figure 8 and Figure 9 demonstrate perspectives regarding virtual reality in construction
education as well as preferences for architectural design visualization. Figure 8§ indicates a good trend,
with the majority of respondents open to VR in education, accounting for 56.92% of those who
reacted, "Probably yes" or "Definitely yes." However, there is still some opposition, with a small
minority strongly opposed. Figure 9 shows that half of the respondents preferred 3D VR models for
understanding architectural designs, highlighting the usefulness of immersive visualization over
traditional 2D or freestanding 3D models.

| Definitely yes

W 2D model M Probably yes
M 3D model = Might or
m 3D VR model might not

Probably not

M Definitely not

Figure 8. Preference of 2D Plan, 3D Model and Figure 9. VR technology in construction
3D VR building model education

Discussion

This research focused on integrating virtual reality (VR) into architecture and construction education
through a series of designed activities and demonstrations. The methodology involved introducing
students to VR technology and software, conducting hands-on experiences with physical VR
applications, and engaging students in interactive VR sessions to improve their understanding of
architectural plans and models. Surveys were conducted before and after the demonstration to assess
students’ experiences, understanding, and opinions about the use of VR in the curriculum.

Key Findings:

e Engagement and Comprehension: Students responded positively to the immersive nature of
VR, which helped them better understand and visualize complex architectural structures and
designs. The hands-on experience was essential to enhance their learning and make abstract
concepts more concrete.
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e Technology Competence: Demonstrations improved students’ ability to effectively use VR
technology. By the end of the year, many students demonstrated comfort and skill in using VR
tools.

e Educational Value: Both studies showed a strong appreciation of the potential of VR to
transform traditional educational methods. Students appreciated the ability of VR to provide a
more interactive and engaging learning environment.

e Future Uses and Recommendations: Most students expressed interest in integrating VR
technology into future projects and teaching. They proposed that VR integration could include
more diverse applications, such as detailed virtual tours and enhanced collaboration
capabilities.

The positive feedback from students highlights the potential of VR to transform traditional
educational methods. By providing an interactive and engaging learning environment, VR can
enhance the overall educational experience and improve learning outcomes. This aligns with current
trends in education that emphasize the importance of experiential learning and the use of technology
to facilitate deeper understanding.

Summary and Conclusion

Integrating Building Information Modeling (BIM) and Virtual Reality (VR) into architectural education
has significantly improved student engagement, understanding, and practical skills. The research
confirms that these technologies offer substantial advantages over traditional learning methods,
providing a more interactive and engaging educational experience. Students responded positively to the
immersive nature of VR, which helped them better visualize and comprehend complex architectural
structures and designs. The hands-on experience with VR also enhanced their learning by making
abstract concepts more concrete. To further enhance the educational value of BIM and VR, future
courses should expand VR content, increase the frequency of VR-based tasks, and continually improve
VR interfaces to better meet training needs. Specific recommendations include incorporating detailed
virtual tours, enhancing collaboration capabilities, and integrating VR into various stages of the design
and construction process. These steps will help educators create more dynamic and effective learning
environments.

Despite the positive outcomes, the study faced several limitations, including technological accessibility,
the steep learning curve associated with BIM and VR, and the homogeneous participant pool. Future
research should address these constraints by exploring a wider range of technologies, including less
well-known but potentially useful tools, and involving a more diverse group of participants.
Additionally, objective performance metrics should be used to analyze the educational impact of BIM
and VR more statistically. Overall, the results support the wider adoption of VR technologies in
educational environments and highlight their role in promoting the learning and application of complex
architectural concepts. By addressing the identified limitations and building on the current findings,
future research can further optimize the use of BIM and VR in architectural education, ultimately
enhancing pedagogical outcomes and project performance in the AEC sector.

Research Future Directions
This study on the integration of virtual reality (VR) and building information modeling (BIM) in

architecture education faced several limitations. These constraints stem from technological, participant-
related, and logistical issues. The restrictive focus on specific BIM and VR tools used in a controlled

28



Transforming Construction Education... Adhikari and Vadlamudi

learning environment limited the exploration of a broader range of technologies that might offer
different or improved functionalities. Only widely used software, such as SimLab, Unity, and Enscape,
was included in the integration strategies, leaving out less well-known but potentially useful
technologies. The participant pool was primarily composed of students from a specific academic setting,
making it relatively homogeneous and not fully representative of the broader diversity of users in
professional real-world settings. This lack of diversity, both geographically and culturally, may limit
the generalizability of the findings to diverse educational institutions and cultural contexts.
Additionally, the steep learning curve associated with BIM and VR technologies highlighted issues of
technological accessibility and familiarity. Not all participants had prior exposure to these technologies,
which could skew responses towards usability issues rather than instructional effectiveness.

The study relied heavily on subjective indicators such as student satisfaction and self-reported
engagement to evaluate the impact of BIM and VR on learning outcomes. There were no objective
performance metrics to analyze the educational impact more statistically. Feedback and data collection
via surveys and observations are subject to biases such as self-selection and social desirability, which
may affect data accuracy. Furthermore, the study’s temporal scope was limited to a single academic
term, restricting the investigation of long-term effects such as information retention and the sustained
effectiveness of immersive technology on learning. Future research should address these constraints by
exploring a wider range of technologies, including less well-known but potentially useful tools, and
involving a more diverse group of participants. Objective performance metrics should be used to
analyze the educational impact of BIM and VR more statistically. Additionally, extending the temporal
scope of the study to multiple academic terms would allow for a more comprehensive investigation of
long-term effects. By addressing these limitations, future research can provide more robust and
generalizable findings, ultimately enhancing the integration of BIM and VR in architectural education.
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