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Abstract

The rapid development and advancement of augmented reality (AR)
and virtual reality (VR) technologies have significantly transformed
the landscape of smart building projects in recent years, paving the
way for the emergence of mixed reality (MR). This innovative
concept effectively bridges the gap between the digital and physical
worlds within the complex ecosystem of smart construction.
Nevertheless, the adoption of MR technologies among Iranian
specialists in the field has been notably limited. Consequently, this
research rigorously investigates the perspectives of Iranian
construction experts regarding the convergence of AR and VR
technologies through a carefully designed mixed-method approach.
This approach includes an extensive literature review followed by a
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comprehensive Q-methodology survey conducted across five distinct
areas. The analysis of collected data using both content analysis and
statistical methods disclosed that the integration of AR and VR
technologies considerably enhances project accuracy, reduces overall
costs, and boosts productivity levels, despite the existence of various
technical barriers and significant training needs. Ultimately, the study
provides a thorough analysis of expert opinions, which can greatly
inform optimization strategies within the construction sector. The
research concludes that acknowledging the vast potential of integrated
technologies, while simultaneously concentrating on the human and
economic factors involved, plays a pivotal role in fostering the success
of smart building initiatives.

1. Introduction
Given the novelty and rapidly evolving nature of mixed reality (MR)
technology, it is advisable to first examine experts' familiarity with
augmented reality (AR) and virtual reality (VR) as separate entities.
This foundational understanding is crucial before delving into their
economic and technical advantages, as well as making future
predictions about their implementations. Investigating the
convergence of AR and VR within the framework of MR for smart
building projects requires a comprehensive and in-depth examination
of existing literature. Notably, prior studies have primarily focused on
the discrete applications of AR and VR, while the potential for their
convergence into integrated ecosystems has received considerably less
attention, particularly in the context of interactions with Building
Information Modeling (BIM) and the Internet of Things (IoT). This
significant knowledge gap, along with various technical barriers and
the considerable initial investment required, poses formidable
challenges to the widespread adoption of these technologies.
Therefore, the primary research question guiding this study is to
discover and analyze the opinions of Iranian construction industry
experts and professionals regarding the application and effectiveness
of mixed reality technology in smart building projects.

2. Literature Review

AR/VR convergence within MR framework as an emerging smart
building paradigm necessitates deep literature exploration. Previous
studies focused on separate applications, while combination received
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less attention. Research gaps include: lack of cognitive/ergonomic
frameworks, data integration inefficiencies, scarcity of adaptive
decision-making models, and technical ecosystem limitations.

3. Methodology

The philosophy underlying this study is rooted in pragmatism,
employing a mixed inductive-deductive approach to comprehensively
address the research questions. Initially, information was meticulously
extracted from a range of scholarly articles utilizing the PRISMA
method, which is inductive in nature. Following this, structured survey
questions were designed, ensuring a robust framework for data
collection. The analysis of the collected data was subsequently
conducted using Python, aligning with the deductive aspect of this
study.

To enrich the findings, the researchers crafted detailed
questionnaires that effectively combined the extracted information
from the literature review. Additionally, expert interviews were
carried out to gain insights, leading to the design of a Q-methodology
survey aimed at collecting diverse opinions regarding AR/VR
familiarity, the technical and economic advantages and disadvantages
of mixed reality, as well as future predictions for these technologies.
The overall mixed-method approach is cross-sectional, allowing for a
comprehensive view of the current situation.

For qualitative data collection, a systematic PRISMA review was
employed alongside the Q-methodology survey. Meanwhile,
quantitative analysis utilized Python programming for generating a
correlation matrix, assessing adequacy sample indices, and conducting
exploratory factor analysis. This multifaceted methodology ensures a
thorough examination of the subject matter and provides a solid
foundation for the research findings.

4. Results

The examination of the correlation matrix reveals that the
convergence of virtual and augmented reality significantly impacts
various dimensions, including experiential, scientific, and economic
aspects. The adequacy sample index suggests that specialists in the
field are approaching future predictions with caution and are
thoughtful regarding the implications of these technologies.
Furthermore, the exploratory factor analysis indicates that while
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specialists have a solid understanding of the fundamental concepts of
augmented and virtual reality, their grasp of advanced applications
remains somewhat limited. Despite this, they perceive the technical
and economic advantages of mixed reality (MR) to outweigh its
disadvantages, even in light of notable challenges that may arise.
Overall, specialists express a general optimism regarding the future of
MR technology, although they do harbor some concerns that warrant
further attention and discussion.

5. Discussion and Conclusion

Results demonstrate these technologies' importance in enhancing
construction industry performance and efficiency across technical,
economic, and social dimensions. AR/VR integration offers high
transformation potential. Correlation matrix reveals significant
relationships between AR software familiarity and technical mastery.
Exploratory factor analysis identified two main factors: basic AR
concepts and advanced applications. Despite initial concept
familiarity, understanding performance complexities requires further
education. Findings show positive specialist outlook toward MR
technical advantages over disadvantages, expressing optimism about
future capabilities. Economic advantage/disadvantage examination
suggests positive attitudes toward benefits and drawbacks. Future
predictions contain encouraging aspects. Factor analysis indicates
forward-looking awareness enables stakeholders' precise future
planning through better current situation understanding.

Based on the findings of this study, it is recommended that future
research delves deeper into the social and cultural dimensions of the
acceptance of mixed reality technology and examines its challenges
from human and economic perspectives.

Keywords: Augmented Reality, Virtual Reality, Mixed Reality,
Integration of Augmented and Virtual Reality, Smart Building Project.
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