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Augmented Reality and Virtual Reality Applications for Enhanced
Visualization and Decision-Making
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ABSTRACT

This study is built upon address construction project management with Augmented Reality (AR)
and Virtual Reality (VR) technologies. Such promises come along with the work of enabling
better visualization by decision-makers and collaboration among all stakeholders. These
immersive virtual environments allow stakeholders to simulate the real-life scenarios of
construction processes, predict problems, and optimize them before actual construction. A
questionnaire survey was conducted to determine how the AR/VR tools are improving spatial
understanding, enhancing planning accuracy, and boosting on-site performance. According to
the findings, AR/VR technology to reduce mistakes, encourage green behaviors, and speed up
decision-making are most valuable for the construction sector. The study further acknowledges
limitations around small sample sizes, very short-term evaluations, and context-based designs,
thus leading to restrictions on ascertainments. Therefore, it aligns technological innovations with
real needs in the industry, which further contributes to developing better strategies for
implementing AR/VR in construction workflows, such that project management would be more
efficient, collaborative, and sustainable.

Keywords: Augmented reality; Virtual reality; Construction on management; Stakeholder
engagement; Decision-making.

1.0 Introduction

Virtual Reality (VR) and Augmented Reality (AR) are new technologies in which
people experience digital worlds in an entirely different way through first-class views and a
first-class action in real time. People may practically work on hard data in these tools and make
better decisions in space or on engineering works. Building, engineering, and business analysis
are fields that benefit immensely from AR and VR because they enable teams to collaborate in
real time, assess risks, and ultimately improve processes. Yet they have been largely unused to
date, because of their high costs and complexity of learning them. Solving these issues could
really help make better decisions in many areas.[Noghabaei, 2020] [Asadi, 2018]
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1.1 Background and context

AR and VR show data in three dimensions, which is better than old methods like CAD
models. They are widely used in gaming and health care, but not much in building and city
planning. Regardless of the useful application of AR and VR, there is a dismaying lack of
evidence to suggest that they are better at decision-making. They can be very expensive and
quite demanding of training, plus there are holes when it comes to understanding how to balance
risk and work with others. This study looks at their effects using detailed checks and statistical
tests.

2.0 Research Backgroud

Though one of the biggest and most complex industries in the world, the construction
sector has, in fact, suffered from age-old problems, with common issues such as cost overruns,
delays, or rework. Inadequate visualization, poor decision-making, or inefficient collaboration
between stakeholders (Noghabaei, 2020) normally account for these issues. Quite a few other
project management practices, like 2D drawings, and even 3D Building Information Modeling
(BIM), are limited in providing a broad comprehension of complex construction projects,
especially for non-technical stakeholders (Asadi, 2018). Augmented Reality and Virtual Reality
technologies have garnered the attention of many in this type of construction as transformation
tools in the last few years. AR and VR technologies enable immersive virtual environments,
allowing different stakeholders to visualize construction scenarios in order to identify possible
issues as early as possible in the life cycle stage to improve the flows of work-from decision-
making to collaboration (Du, 2018). The literature review that follows concentrates on the ways
in which AR and VR are used in the management of construction projects and in enhancing
visualization, decision-making, and stakeholder engagement.

2.1 AR/VR in construction visualization

Visualization is a core element of construction project management since it helps
stakeholders understand design elements and identify their potential issues for further decisions.
Conventional visualization methods like 2D drawings and 3D BIM models do not always
capture the interest of stakeholders, especially when these latter are unfamiliar with technical
drawings. AR and VR technologies help bridge that other between stakeholders and construction
processes, since they provide interactive and immersive virtual environments to engage in real-
time with 3D models. Among the major advantages of augmented and virtual realities in
construction visualization are the simulation that they are capable of doing on real construction
sites. In this context, [Balali et al., 2018] developed a cloud\-based virtual reality platform called
CoVR to allow multiple users to collaborate on BIM models in a shared virtual space. This
platform takes a big step in improving communication among remote stakeholders by providing
a common space for visualizing and commenting on project data. In the same stream of work,
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[Sacks et al., 2013] created a Mobile Augmented Reality (MAR) application to overlay BIM
models on real\-world environments. With such an application, construction technicians will be
able to visualize and refine their designs right there on site, thus eliminating errors and rework.
Further, AR and VR technologies allow for virtual site walkthroughs, whereby those concerned
are able to literally walk through the site before any construction begins. Such a method is
beneficial in making design clashes or conflicts more evident before actual construction starts,
improving spatial comprehension and make construction planning more precise.

2.2 AR/VR in decision-making

The decisions made in any construction project will be one of the most important
aspects for the success of that project. Traditional methods by which decisions are made are
mostly based on incomplete or inaccurate information, which ultimately leads to suboptimal
decisions. AR and VR types of technologies enhance decision-making capabilities with the
ability to visualize and simulate aspects of a project so that stakeholders can make better-
informed decisions. A critical application of AR and VR in decision-making is cost estimation.
Balali et al. (2018) developed a VR-based cost estimation system that enables stakeholders to
assess the financial impact of design modifications in real time. This method improves cost
estimation accuracy and supports better decision-making in both design and construction phases.
Also, with the aid of VR simulations, different construction sequences can be modeled, which
allows project managers to check and eliminate all anticipated issues beforehand. Sacks et al.
(2013) highlighted VR-based simulations as perceptive tools available for project managers to
visualize construction processes and predict problems before they occur, thus preventing delays
and extra costs from occurring. Equally critical is the risk management that can be accomplished
using AR and VR. By simulating the risks and their repercussions, these technologies allow
project managers to lay preemptive plans for the mitigation of such risks. Jeelani et al. (2017)
designed a VR-based safety training program in which workers are placed in realistic
construction accident scenarios that allow them to practice dealing with dangerous situations
and do so without exposure to actual danger. This increases awareness of hazards and perception
of risks, reducing accidents on the site.

2.3 AR/VR in stakeholder engagement

AR VR probably is one of the biggest leaps in stakeholder collaboration by allowing
them to conduct virtual design meetings and reviews. Some other systems that have been
mentioned in relation to digitized communication platforms are W. T. Du and coworkers’
[Balali et al., 2018] CoVR system for letting remote stakeholders into virtual meetings. The
embedded AR VR spaces allow stakeholders to review project information without physical
proximity. This is extremely critical especially for vast projects with geographically dispersed
stakeholders [Wei et al., 2015]. It also allows AR VR to further coordinate between architects,
engineers, and construction workers. Williams and coworkers [Sacks ef al., 2013] built a mobile
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AR assistant for performing BIM on-the-job in case of overlays onto a real-world setting so that
the field technicians could visualize and correct their work on the fly. Errors would be reduced,
and rework will eventually improve the efficiency of the project.

2.4 Limitations and challenges

While various advantages exist for the introduction of AR and VR technologies in the
construction industry, their widespread acceptance has been rather sluggish mostly due to
several obstacles. One major wall would be the high cost of implementation, including
hardware, software, and personnel training [Goulding er al., 2012]. Besides, the lack of
awareness and knowledge about the advantages associated with AR and VR among construction
professionals, especially at the management level [Ergan et al, 2019], leads to resistance to
adopting these new technologies. One more important problem is integration of AR and VR into
existing construction activities. Numerous firms have been employing BIM and other digital
devices, while the combined application of AR and VR with such systems can become both
furthermore complex and time-consuming [li, 2018]. Also, the power of AR and VR
management depends on the information and modes upon which it is developed. Suboptimal,
incomplete BIM models will likely obscure accurate visualization further rendering a decision-
making process inefficient [Pelargos et al., 2017].

2.5 Research gap

Even though the short-term advantages of AR and VR in building are notable, their
long-term advantages still require an evaluation. Present literature focuses largely on real-time
visualization and decision-making enhancements of AR and VR applications, however, little has
been done to understand their impacts on more chronic success indicators, such as cost savings,
schedule adherence, or final project quality [Danylec et al., 2022] [Zheng et al., 2021]. Another
gap in research relates to the technical skills needed to implement AR and VR. Many
construction companies lack construction decision-making expertise or technical skill within
their organizations to integrate these new technologies among their workflows. Thus, they partly
rely on consultants [Beh et al., 2022]. Nevertheless, with recent developments in AR and VR
platforming, implementation is anticipated to be made easier and will have fewer barriers
financially, thus having these technologies become user-friendly in the construction industry
[Aguilar et al., 2024].

3.0 Research Methodology

This study adopts a quantitative research approach to analyse the trends and adoption of
AR/VR technologies in the construction industry. The research is based on survey responses
collected from professionals in the construction sector to understand their familiarity with
AR/VR, adoption barriers, and the impact of these technologies on decision-making and project
efficiency. The Flowchart of the methodology is depicted in Figure 1.
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Figure 1: Research Methodology Flow Chart

Identification of a broad Research Idea

Literature Review

Identification of Challenges & Research Gap Analysis

Defining the Problem

Formulation of Aim & Objective

Data Collection

Through Questionnaire

Finding & Recommendation

3.1 Questionnaire survey

A structured survey was carried out to assess awareness, use, and attitude towards
Augmented Reality (AR) and Virtual Reality (VR) technologies in construction. The aim was to
determine challenges, advantages, and how AR/VR can be incorporated into construction
processes. A structured survey is conducted amongst the constructional professionals focusing

mainly on AR\VR users.
The survey focused on:

Industry Experience & Technology Adoption.
Usage & Understanding of AR/VR.

Benefits & Challenges.

Future Adoption & Suggestions.

Data Collection process: Online survey with Construction professionals.

3.2 T tests analysis

DOI: 10.17492/JPI/NICMAR/2507024

A ttest is a statistical test that is used to compare the means of two groups. This method
will be helpful for assessing different factors that will be affecting adoption of AR\VR in the
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construction industry. The t test is a parametric test of difference, meaning that it makes the

same assumptions about the available data as other parametric tests. The t test assumes our data:

1. are independent

2. are (approximately) normally distributed

3. have a similar amount of variance within each group being compared (a.k.a. homogeneity of
variance)

4.0 Data Collection

Data was collected using an online questionnaire survey. At first, a sampling method
was used, and a specific formula was utilized to calculate the sample size. The sampling process
was conducted, and data was collected through Google Forms. The respondents primarily
consisted of professionals from the construction industry, including architects, civil engineers,
project managers, and construction site supervisors. The responses were then processed and
analysed with the help of Microsoft Excel after data collection. We applied statistical methods
such as t test analysis to find whether their differences are statistically significant or not. t-test
was appropriate in the study as it statistically confirms participants are utilizing AR/VR
applications. Significant results allow further study on the aspect of AR/VR enhancing
visualization and efficiency of decision-making. The use of statistics helps to derive conclusions
from accurate data, hence its importance in maximizing AR/VR systems and user experience.

4.1 Questionnaire survey

In this study, data collection was conducted using online as well as offline methods
including a structured questionnaire in excel sent using Google Forms. Since the minimum
sample size for calculating t test is not universally defined, most researchers recommend
collecting a sample of at least 30 responses to make it statistically significant for analysis. A
pilot study with 30 responses was first conducted to determine the appropriate sample size.
Thus, a formal sampling nature was employed, obtaining a total of 40 responses from the
construction professionals.

4.2 Data analysis

Comparing the graphs clearly illustrates trends in the adoption of AR/VR, users’
experience, and challenges. Analysing usage patterns, user characteristics, motivations for the
adoption of AR/VR technology, and adoption challenges can provide valuable information on
how the industry is evolving. It reflects the rising perception of its use in more detailed
visualization and decision-making within sectors. Better project productivity enhanced spatial
perception, and training in immersion are the main impulses of AR/VR use, justifying enhanced
utility of the technology in the modern working scenario.
The Analysis from the online questionnaire are as follows.
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4.3 t test result

Figure 2: Classification According to Experience

HYes HNo

Figure 3: Classification According to Usage

M Lessthan 1year M1-3vyears

W 4-7years B More than 7 years

Table 1: t Test Result

Variable t-value df p-value
Experience 14.417 38 <.001
Usage 19.923 38 <.001
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5.0 Results and Discussions

Since p < 0.001 for experience and usage, the mean of these variables significantly differs
from zero.

Higher t-values (14.417 and 19.923) indicate greater deviation from zero and verifies
participants are well versed and use AR/VR applications.

Degrees of freedom (df = 38) indicate that 39 participants were analysed.

As per current Study:

Verifies that AR/VR applications are used actively for visualization and decision-making.

Is equipped with statistical evidence supporting participants having meaningful interaction
with AR/VR.

Justifies continuing research in understanding how AR/VR affects cognitive processes and
decision efficiency.

Figure 4: t Test Result

One Sample T-Test

t df p
Experience 14417 38 <001
Usage 19.923 38 < .001

Note. For the Student t-test, the alternative hypothesis
specifies that the mean is different from 0.

Note. Student's t-test.

5.1 Q-Q plots interpretation (normality check)

Q-Q plots are used to determine if residuals (errors) are normally distributed. Points

should align along the red diagonal line.

5.1.1 Experience Q-Q plot

There is a general tendency of most of the residuals to follow the red line apart from in
extreme regions (outliers). Q-Q plots are used to determine if residuals (errors) are normally
distributed. Points should align along the red diagonal line.

It points towards moderate normality, but some deviations exist.
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Figure 5: Q-Q Plots of Experience

Q-Q Plots

Experience
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Figure 6: Q-Q Plots of Usage

Usage
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5.1.2 Usage Q-Q plot
e Same pattern—data clings to the line but with variation at extremes.
e  Suggesting almost normal distribution, though it is slightly skewed.

5.2 Relevance to our current study

e Since normality is approximately met, parametric tests (ANOVA, regression) are applicable
for examining AR/VR effect.

o The slight deviations suggest that a few users of outstandingly high or low experience exist,
and they might be investigated in a qualitative follow-up study.

e This supports the use of predictive modelling to examine the effect of AR/VR use on
decision-making.

5.3 Result

The research tested the effect of Augmented Reality (AR) and Virtual Reality (VR)
apps on improved visualization and decision-making. One-sample t-test was used to check if
participants’ experience and use of AR/VR apps were significantly different from zero. The
findings were as below:
e Experience: t (38) = 14.417, p<0.001
e Usage: t(38)=19.923, p<0.001

Both p-values were extremely significant, which shows that participants do use and
have experience with AR/VR applications. The high t-values suggest high levels of evidence
that AR/VR applications are widely used and provide high levels of engagement for users. In
addition, Q-Q plots were examined to assess residual normality. It was noted that points were
mostly consistent with the normality line but slightly diverged at extremes, reflecting little
skewness but generally moderate normality. This opens a door for additional parametric testing,
e.g., regression or ANOVA, to ascertain how AR/VR apps enhance cognitive ability and
decision-making.

6.0 Conclusion

The findings validate that AR/VR applications are utilized for visualization and
decision-making in active forms. The high t-test values support the hypothesis that AR/VR
technologies play a crucial role in enabling users’ ability to dissect intricate information and
make sound decisions. Although usage and experience levels are high, more research is required
to identify how particular AR/VR features (e.g., interaction level, 3D visualization, real-time
data integration) help to achieve better decision-making outcomes. Additionally, the minimal
departures from normality in Q-Q plots indicate that although AR/VR applications are, in
general, advantageous, user experience is variable based on familiarity, training, or application
type. Future research must investigate the variations to maximize AR/VR use in decision-
making contexts.
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