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Abstract
Purpose – Extended reality (XR) technologies are increasingly used in project management and, more recently, 
in real estate transactions to enhance customization, collaboration, and transparency in decision-making 
processes. However, the impact of XR on residential real estate market dynamics, including value estimates and 
economic management of housing projects, has never been explored through systematic reviews providing an 
integrated perspective. This paper aims to fill this gap by conducting a systematic review of scientific literature.
Design/methodology/approach – This study conducted a systematic review following the PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses) guidelines. Records were sourced from Scopus, Web 
of Science (WoS), and Google Scholar. Based on defined inclusion criteria, 90 scientific papers were thoroughly 
analysed. A scientometric analysis was implemented, which allowed, among other outcomes, the classification 
of contributions into two main categories: (1) economic-financial management of housing projects and (2) 
residential real estate market studies, further subdivided into quantitative and qualitative analyses of XR impacts.
Findings – The results obtained answer three research questions. First, it is shown that XR technologies 
influence project economics by enhancing customisation and collaboration, resulting in reduced construction 
costs. In real estate valuation, it emerges that XR boosts transparency, accelerating and positively conditioning 
the decision-making process. Second, the following key parameters are identified from the literature: purchase 
price, time on market (TOM), purchase intention, construction cost, and life cycle cost (LCC). Third, the 
challenges and opportunities of XR application in the analysis fields are defined. XR adoption is challenged by 
infrastructural barriers and costs but offers opportunities to improve customer engagement and sustainability. 
Mixed reality (MR) remains underexplored, and significant gaps in correlating key variables persist.
Originality/value – This is the first review exclusively focused on the impacts of XR on residential real estate 
valuation and the economic management of housing projects. It provides valuable insights for scholars, 
researchers, and practitioners while highlighting critical gaps and future research directions.
Keywords Extended reality, Virtual reality, Augmented reality, Real estate market,
Economic project management, Virtual tour
Paper type Research paper

1. Introduction
Extended Reality (XR) technologies, which include Virtual Reality (VR), Augmented Reality 
(AR), and Mixed Reality (MR), are transformative tools designed to digitally replicate 
physical environments or worlds and create immersive and interactive experiences through 
advanced sensory stimulation (Azmi et al., 2022; Morimoto et al., 2022). Originally
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conceptualised in the 1960s, VR and AR technologies have experienced significant growth, 
particularly in the last decade, due to advancements in hardware, decreasing costs, and the 
proliferation of innovative applications (Cipresso et al., 2018). XR technologies are now 
widely applied in various fields, including gaming and entertainment (Zyda, 2005), healthcare 
(Freeman et al., 2017), education (Englund et al., 2017), and architectural design (Song et al., 
2017). These tools reshape the digital economy by enhancing visualisation, interactivity, and 
operational efficiency across sectors (Nieradka, 2019).

Through a systematic review, this study explores the impact of XR technologies on the 
economic management of residential projects and the real estate market.

Recent research has increasingly focused on XR technologies in the Architecture, 
Engineering, and Construction (AEC) industry (Chen and Xue, 2022; Prabhakaran et al., 
2023). These technologies are central to the digital transformation of construction in Industry 
4.0, enhancing communication among stakeholders (Padilla et al., 2018). XR allows designers 
and builders to create immersive designs that benefit clients (Dargan et al., 2023), with software 
converting BIM models for immersive experiences throughout the project lifecycle (Safikhani 
et al., 2022; Abrishami et al., 2020). For instance, the integration of BIM with AR, despite its 
cost, enhances decision-making for site operators (Um et al., 2023). XR is revolutionizing 
economic management in residential construction by enabling efficient exploration of design 
alternatives (Noghabaei et al., 2020; Rashidi et al., 2023). Immersive technologies aid in 
visualizing projects, estimating costs, and managing stages flexibly (Li et al., 2018; Sacks et al., 
2020; Wang et al., 2018). XR models also allow real-time cost impact analysis (Balali et al., 
2018). Applications like VR provide immersive visualizations and real-time decision-making 
support (Wang et al., 2018; Li et al., 2018). However, empirical studies on XR’s effect on project 
time and costs are limited (Chi et al., 2013; Noghabaei et al., 2020; Sacks and Barak, 2008). 
Casini (2022) highlights the need for more research on XR’s quantifiable costs and benefits, 
particularly in maintenance, while Al-Dhaimesh and Taib (2023) emphasize the lack of studies 
on AR and BIM’s impact on decision-making and economic outcomes. Wang et al. (2020) 
emphasize the need for models to assess the economic impacts of BIM in off-site construction.

The real estate sector has also demonstrated growing interest in implementing XR 
technologies (Adegoke et al., 2022a). Initially introduced in the early 2000s, XR technologies 
became widespread after 2020 due to the COVID-19 pandemic, which made virtual tours a 
necessary and accessible solution (Deep et al., 2023; Nanda and Zhang, 2021). Recent studies 
show that VR virtual tours in real estate reduce the need for physical travel between properties, 
saving time and money for both buyers and sellers (Dargan et al., 2023), allow property 
exploration without physical presence (Sihi, 2018), and offer continuous access to properties, 
facilitating the sales process (Yu et al., 2021). VR is also a valuable tool for visualizing properties 
under construction or in the planning stage, particularly those sold before physical realization 
(Ibrahim et al., 2023). VR virtual tours provide an immersive experience, surpassing static 
images or video tours, allowing buyers to explore properties interactively at their discretion 
(Allen et al., 2015). Furthermore, VR adoption has made real estate agencies more efficient by 
reducing time spent on physical visits and optimizing the selling and renting processes (Adegoke 
et al., 2022a; Allen et al., 2015; Anderson et al., 2024a; Benefield et al., 2019; Marzano et al., 
2015; Miljkovic et al., 2023). As noted by Allen et al. (2015), XR technologies increase the 
perceived value of properties and improve market valuations, facilitating transactions through 
more effective presentations and optimized sales strategies. Ong et al. (2024) highlight that XR 
enhances the marketability of properties by reducing information asymmetry, increasing both the 
probability of sale and transaction prices. Similarly, Kamil et al. (2021) and Xiong et al. (2022) 
suggest that XR enables a more comprehensive understanding of properties compared to 
traditional showrooms. However, there are challenges in using XR, including potential exclusion 
of non-technologically savvy buyers, limitations in the physical experience, possible emotional 
distance, technical disruptions, hardware limitations, and high initial investment and training 
costs for real estate agencies (Benefield et al., 2019). The combination of advantages and 
disadvantages associated with the use of VR may affect the user’s perceived value of the property
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and, consequently, their willingness to pay (Azmi et al., 2022; Casas-Mateus and Chacon-
Sanchez, 2019; Sun et al., 2017). This could influence the price formation mechanism of the 
property, meaning the process by which the monetary value to be paid for its purchase is 
determined, based on the interaction between supply and demand. A higher willingness to pay on 
the part of buyers can, therefore, affect the final price from the demand side (Pangallo and 
Loberto, 2018). Furthermore, the greater the information deduced from using VR (or other XR 
technologies), the more competitive the offers can be, sometimes even justifying higher prices 
for properties viewed through virtual tours (Anderson et al., 2024a). In fact, some studies show 
that virtual tours can positively impact real estate transaction prices by 2–3% (Carrillo, 2008; Yu 
et al., 2021). Since VR affects the price formation mechanism, some authors propose hedonic 
pricing models in which VR tours, although not real estate features in themselves, are considered 
as such, influencing the price as an independent variable. These models quantify the marginal 
contribution of VR on the property price, analysing the additional effect (value differential) 
generated by its presence (Adegoke et al., 2022a, b; Anderson et al., 2024a; Benefield et al., 
2019; Hou and Li, 2022; Hsiao et al., 2024; Ong et al., 2024; Xiong et al., 2022; Yu et al., 2021; 
Yan et al., 2023). In addition to the direct impact of VR technology on sales prices (Allen et al., 
2015; Amed et al., 2020; Anderson et al., 2024a; Benefiel et al., 2019), its influence on purchase 
intention (Ibrahim et al., 2023a; Juan et al., 2018; Yan et al., 2023) and time to market of 
residential properties (Anderson et al., 2024a; Hou and Li, 2022; Ong et al., 2024; Xiong et al., 
2022) has also been demonstrated.

1.1 Related studies
Although there are multiple systematic reviews in the literature on the use of XR technology in 
the AEC and related fields (Hwang and Shim, 2021; Prabhakaran et al., 2022; Rabby et al., 
2022; Sudhakaran et al., 2024; Ullah et al., 2018; Wang et al., 2018), none of them focus 
exclusively on the influence that such technologies can exert on the main economic-financial 
and behavioural variables involved in the economic management of residential projects, as 
well as in the real estate estimation and marketing processes. Table 1 provides a summary of 
the goals, key findings, and gaps identified in the main pre-existing systematic reviews on XR 
application in residential construction and real estate markets.

The main gaps identified are summarised below:

(1) Few works explicitly address the economic and financial impacts of XR on residential 
projects, studying the effects in terms of key variables such as construction costs, 
maintenance costs or life cycle costs;

(2) Limited works explore estimative variables like selling price or time on market 
(TOM);

(3) Existing reviews primarily focus on technological or operational benefits rather than 
economic or appraisal-related impacts;

(4) The real estate sector, compared to the AEC sector, has fewer studies exploring XR 
applications, possibly due to its recent adoption.

1.2 Research goals
The gaps identified in the studies in Table 1 justify the need for a focused review on the 
economic-financial and appraisal-related impacts of XR technologies. This work addresses 
the underexplored influence of XR on the estimation of construction and management costs of 
residential properties, the property value assessment, and the market dynamics. By filling 
these gaps, the study aims to provide valuable insights for researchers, practitioners, and real 
estate buyers, and offer a more comprehensive understanding of XR’s role in the residential 
real estate sector. Therefore, a systematic review and analysis of the state of the art was 
implemented in the present work to answer the following research questions:
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RQ1. How do XR technologies influence the dynamics of the residential real estate market 
and the economic management of housing projects?

RQ2. What are the main behavioural, economic/financial, and estimative parameters 
analysed in studies on the application of XR technologies in the residential sector 
that may be relevant for professionals and scholars dealing with economic project 
management as well as real estate valuation and marketing?

RQ3. What are the challenges and opportunities in using XR technologies in the economic 
management processes of housing projects and residential real estate appraisal?

Table 1. Summary of the goals, key findings, and gaps identified in the main pre-existing systematic reviews on 
the use of XR technologies in residential construction and real estate markets

Authors Focus Key findings Gaps identified

Ahmed (2018) AR/VR in construction 
project management

Highlights benefits for time 
and cost management

Lacks quantitative or model-
based analysis on cost 
estimation

Al-Dhaimesh 
and Taib (2023)

Integration of AR with 
BIM in AEC

Enhanced visualisation and 
collaboration but technical 
challenges exist

No focus on VR’s impact on 
cost control or economic 
management of building 
projects

Casini (2022) XR technologies for 
smart building operation 
and maintenance

Highlights operational 
efficiency and safety 
improvements

Does not address cost control 
or cost estimation related to 
XR

Hussin and 
Bakar (2023)

VR in real estate 
marketing

Emphasises improved sales 
strategies, particularly in the 
Malaysian market

Does not address property 
valuation variables such as 
price or time on the market 

Prabhakaran 
et al. (2022)

Challenges of immersive 
technology in 
architecture and 
construction

Identifies barriers to 
technology adoption, such as 
cost and accessibility

Limited discussion on the 
economic implications of XR 
in cost estimation and 
management

Rockel et al. 
(2024)

Advanced technologies 
(AI, VR) in real estate

Discusses improved user 
experience and operational 
efficiency

No exploration of real estate 
appraisal variables

Safikhani et al. 
(2022)

Integration of VR and 
BIM in AEC

Benefits for visualisation and 
collaboration; notes technical 
challenges

Lacks focus on cost control or 
management impacts

Seagraves
(2023)

AI, AR/VR, and 
management automation 
in real estate

Highlights potential of 
improving accuracy and 
efficiency but notes risks 

Does not focus on real estate 
appraisal variables such as 
price or market value

Ullah et al. 
(2018)

Digital technology 
adoption in real estate

Highlights the potential of 
VR/AR to improve consumer 
experiences

Lacks a focus on valuation 
issues like price or market 
dynamics

Wang et al. 
(2020)

Digital technologies in 
off-site construction

Highlights productivity and 
safety improvements; calls 
for standardization 

Descriptive focus on time and 
cost savings but not a primary 
focus

Zhang et al. 
(2020)

VR applications in the 
built environment

Identifies application areas 
like design and project 
management

Does not explore VR’s 
impact on cost estimation or 
property valuation

Zhu et al. (2018) Immersive virtual 
environments for 
occupant energy 
behaviour

Benefits for simulating 
thermal and visual comfort; 
identifies technical 
challenges

Does not address VR’s 
impact on cost estimation or 
energy-related costs

Source(s): Authors’ own creation/work
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The paper is structured as follows: Section 2 outlines the methodological approach employed 
to conduct the systematic review; Section 3 illustrates the main results obtained from the 
literature search; Section 4 critically analyses these results; Section 5 provides some 
concluding remarks.

2. Methodology
The methodological approach used to conduct the systematic review is based on the PRISMA 
protocol – Preferred Reporting Items for Systematic Reviews and Meta-Analyses (Moher 
et al., 2009; Page et al., 2021). Academic articles extracted from three major databases 
(Scopus, Web of Science and Google Scholar) were selected and analysed following defined 
inclusion/exclusion criteria. The selection of publications was carried out between September 
2023 and April 2024. Screening of publications was stopped in April 2024 to allow for in-
depth data analysis and the completion of the first draft of the paper (first submitted to this 
journal in July 2024). Further relevant studies may be considered in future updates of this 
review.

The following subsections present the inclusion and exclusion criteria for publications in 
the systematic review and the identification phases of relevant studies via databases.

2.1 Inclusion criteria
The inclusion criteria were defined as follows:

(1) Time limitations: No temporal constraints were applied in the selection of records, as 
contributions published before 2020 are relatively limited. In fact, most studies were 
published after 2020, the year when the COVID-19 pandemic significantly accelerated 
the implementation of XR technologies in the real estate market and building design 
sectors. The absence of temporal restrictions allowed for a more comprehensive and 
in-depth review;

(2) Document types: Journal articles, proceeding papers, book chapters, and other 
literature reviews were included in this work;

(3) First-level thematic relevance (Extended Reality): both application-focused studies
(quantitative research) and theoretical studies (qualitative research) on VR, AR, MR, 
and the broader concept of XR were included. The selection also encompasses studies 
specifically addressing virtual tours;

(4) Second-level thematic relevance (Housing Design or Residential Real Estate Market):
the review specifically included studies focusing on XR technologies applied or 
applicable to housing design and the residential real estate market. To this end, only 
studies featuring terms such as “real estate,” “housing,” “residential home,” 
“residential property,” “residential building,” or similar expressions in their title or 
abstract were selected;

(5) Third-level thematic relevance (Economic Management of Residential Projects,
Marketing and Real Estate Appraisal): the review included studies that reference 
economic and behavioural terms, concepts, indicators, or indices relevant to the 
economic management of residential projects, real estate valuation, or real estate 
marketing (e.g. “price,” “market value,” “willingness to pay,” “time on market,” 
“cost,” “capitalisation rate,” “appraisal,” “economic evaluation,” etc.). Both records 
with strong thematic relevance – where economic management or real estate appraisals 
are a fundamental focus of the work – and those with weak thematic relevance – where 
potential implications on economic management or real estate appraisals are only 
mentioned – were included.
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2.2 Exclusion criteria
The exclusion criteria were defined as follows:

(1) Non-Relevant Fields: studies exploring XR applications in fields adjacent to housing 
or construction but unrelated to the scope of this review—such as tourism, gaming and 
entertainment, medicine and wellness, education, cultural heritage enhancement, 
energy efficiency in non-residential properties, infrastructure, or non-residential civil 
buildings—were excluded;

(2) Absence of economic and behavioural parameters: studies that do not mention
parameters relevant to the economic management of housing projects, real estate 
valuation or real estate marketing were excluded.

2.3 Identification phases of studies via databases
Three databases were used to conduct the review: Scopus, Web of Science (WoS) and Google 
Scholar. Preliminarily, it was checked whether literature reviews on the topic had already been 
conducted. To this end, the advanced search functions of Scopus and WoS and the query 
strings shown in Figure 1 were used. To refine the search, an additional inclusion/exclusion 
criterion was momentarily added to those previously listed, which consisted in identifying any 
existing systematic reviews on the impact of XR on estimation, marketing or economic 
management in the residential sector. For these purposes, those records were selected that 
include terms such as “review”, “literature review” and “systematic review” in the title or 
abstract. This paper also provides direct links to the Scopus (Scopus – Document search results 
j Signed in) and WoS (https://www.webofscience.com/wos/woscc/summary/6b19bcf8-320c-
4dfe-86a5-fee1f4976cb5-01269214cf/relevance/1) pages with the initially identified articles 
and the query strings used.

Figure 1. Database and query strings used for the identification of possible systematic reviews of existing 
literature on the topic (own elaboration). Source(s): Authors’ own creation/work
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A total of 24 records were identified from the two databases. Of these, only 8 are reviews. 
However, none of them are relevant to the issues dealt with. After ascertaining the absence of 
systematic reviews relevant to the topics “real estate valuation and marketing” and “economic 
management of projects,” the identification phase of potentially eligible records for a new 
review was initiated, first through the Scopus database, and then through the WoS database. 
The query strings used are shown in Figure 2. Additionally, direct links to the Scopus (Scopus 
– Document search results j Signed in) and WoS (https://www.webofscience.com/wos/woscc/ 
summary/ea16803a-bce7-46b2-a848-dd23abdf419e-df3ca4ad/relevance/1) pages with the 
selected articles and the query strings used are provided. This ensures the replicability of 
the work.

The records identified through the first two databases (Scopus and WoS) were then used for 
the subsequent steps (screening and inclusion) provided by the PRISMA protocol (Moher 
et al., 2009; Page et al., 2021). This protocol is summarised in Figure 3. The selection process 
was completed using the Google Scholar dataset through two distinct yet complementary 
methods: manual sampling and snowball sampling. These techniques are commonly 
employed in systematic reviews (e.g. Prabhakaran et al., 2022; Wang et al., 2020). Manual 
sampling involved the use of specific key phrases searched on Google Scholar, such as “virtual 
reality and construction cost,” “extended reality and real estate market,” “augmented reality 
and housing sector,” etc. This approach allowed the identification of 3 studies meeting the 
inclusion/exclusion criteria. Subsequently, snowball sampling was implemented to expand the 
pool of articles. Backward snowballing involved analysing citations included in the references

Figure 2. Database and query strings used to identify records possibly to be included in the systematic literature 
review (own processing). Source(s): Authors’ own creation/work
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of the already selected studies, while forward snowballing identified works citing the initially 
included articles using tools like the Cited by feature in Google Scholar. Thanks to snowball 
sampling, 4 additional eligible articles were identified. The combined use of these two 
methods enabled the selection of 7 additional records from Google Scholar.

Following the screening process, a total of 90 records were included in the review, 
distributed between the three source databases as follows: 39 records come exclusively from 
Scopus; 19 records come exclusively from WoS; 25 records come from both Scopus and WoS; 
7 records come exclusively from Google Scholar.

3. Results
From the 90 selected records, it was possible to implement the following scientometric 
analysis (see Section 4.1): (1) number of publications per year; (2) number of citations per 
year; (3) number of publications per country; (4) keyword co-occurrence network mapping;
(5) number of publications per document type; (6) source analysis; (7) number of publications 
per journals; (8) authors with multiple publications on the topic; (9) network of co-citations for 
authors.

Subsequently, the 90 records included in the review were divided into the following two 
classes (see section 4.2): (1) publications pertaining to economic management studies of 
housing projects; (2) publications pertaining to studies of residential real estate valuation and 
marketing. For each class, the following two subclasses were identified: (1) quantitative 
analysis of the impact of XR technologies behavioural, economic-financial and estimative

Figure 3. Original re-elaboration of the PRISMA flowchart (Page et al., 2021) representing the literature 
selection process. Source(s): Figure created by the authors, adapted from Page et al. (2021)
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quantities; (2) qualitative analysis of the impact of XR technologies on behavioural, economic-
financial and estimative quantities.

Next, from the first sub-class, the most frequently analysed behavioural, economic-
financial and estimative variables were identified (see Section 4.3).

Finally, the key impacts (measurable results) identified in quantitative studies on XR 
applications in the economic management of housing projects and in residential real estate 
appraisal and marketing are outlined (see Section 4.4).

3.1 Analysis of emerging trends in literature
3.1.1 Number of publications per year. A representative graph of the number of publications 
per year is shown in Figure 4.

The first two publications recorded date back to 1996 (Neil, 1996; Yamamura et al., 1996). 
This was followed by a long period in which there were no publications or only one publication 
per year, except for 2007 and 2011. In this regard, it is worth mentioning that the first 
experiments in the application of VR in real estate date back to the early 2000s (Orzechowski 
et al., 2005). From 2012 onwards, the number of publications starts to grow significantly, 
reaching a first peak in 2014 with 6 publications (de Macedo et al., 2014; Issa and El-Hachem, 
2014; Jiang, 2014; Kim et al., 2014; Salleh et al., 2014; Xiao, 2014). Starting in 2016, a new 
phase of publication growth begins, with a peak reached in 2018 with 6 publications (Deaky 
and Parv, 2018; Fan and Zhang, 2018; Juan et al., 2018; Sihi, 2018; Zatwarnicka-Madura, 
2018). An important peak is reached in 2020 with as many as 15 publications. Recall that 2020 
is the year in which the COVID-19 pandemic exploded, affecting the popularity of virtual tours 
for real estate visits. There are 14 publications in both 2022 and 2023. For 2024, only 4 
publications are noted (Anderson et al., 2024a, b; Hsiao et al., 2024; Ong et al., 2024). 
However, it should be noted that the databases were only consulted until 30 April 2024.
3.1.2 Number of citations per year. A representative graph of the number of citations per 

year is shown in Figure 5.
The number of citations also roughly follows the trend in the number of publications, with 

two important peaks in 2013 (with 252 citations) and 2020 (with 269 citations). For 2013 the 
work of Park et al. (2013), with 238 citations, should be highlighted, while for 2020 the 
contributions of Pleyers and Poncin (2020) and Wang et al. (2020), with 135 and 120 citations 
respectively, should be mentioned.
3.1.3 Number of publications per country. A representative graph of the number of

publications per country is shown in Figure 6.
Most of the papers on the subject were produced in China (15), the USA (10), Malaysia (8) 

and Taiwan (8). It is no coincidence that China and the USA, along with many countries in Asia 
Pacific, are among the frontrunners in the field of XR technologies.
3.1.4 Keyword co-occurrence network mapping. Using VOSviewer, the co-occurrence

network of keywords was mapped, demonstrating interrelationships and dominance (see 
Figure 7). The larger the node, the more frequently the keyword occurs. The more intense the 
colour of the arc, the stronger the connection between the two keywords. Keywords with a 
frequency of less than 3 were discarded. A total of 39 keywords were identified. It is evident 
that “virtual reality” (with occurrence 43 and link strength 137) is the keyword most cited and 
most interrelated to the others. This is followed by “augmented reality” (with 22 occurrences 
and link strength 52), “architectural design” (with 13 occurrences and link strength 59) and 
“real estate” (with 12 occurrences and link strength 41). Keywords such as “mixed reality” and 
“extended reality” do not appear. The co-occurrence analysis using VOSviewer highlighted 
five main thematic areas: XR applications for architectural design and construction project 
management (red); XR applications in real estate marketing and impacts on purchasing 
behaviour (green); XR applications for georeferencing and graphical representation of 
residential assets (blue); XR technology and urban applications (purple); integration between 
artificial intelligence and advanced visualisation (yellow). These themes arise from the
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Figure 4. Number of publications per year (own processing). Source(s): Authors’ own creation/work
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Figure 5. Number of citations per year (own processing). Source(s): Authors’ own creation/work
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correlation between closely related keywords, grouped by the tool according to their frequent 
co-occurrence in the selected studies. The clusters indicate a growing focus on using XR as a 
visualisation tool and a technology with potential strategic applications to optimise costs, 
improve the perception of real estate value, and enhance potential applications in smart cities. 
The thematic clusters showcase the potential of XR as a strategic technology for the industry, 
with future implications for innovation and the personalisation of decision-making processes.
3.1.5 Number of publications per document type. Figure 8 shows a representative graph of

the number of publications by document type (journal article, book chapter, proceedings paper 
and review).

Journal article (47) and proceedings paper (41) are the document types with the highest 
number of contributions on the topic. It is also worth mentioning the presence of a book chapter 
(Salvo et al., 2022) and a review (Wang et al., 2020). The latter, although not a systematic 
review on the topic under analysis, offers some important insights. In fact, in this review, it is 
evaluated how convenient (in terms of lower cost and higher productivity) it is to adopt digital 
technologies (including VR and AR) in off-site construction. This review has already been 
presented in the summary in Table 1.
3.1.6 Source analysis. Using VOSviewer, it was possible to implement a source analysis of 

the 97 contributions, identifying the main papers as well as the sources on which they were 
published. Figure 9 shows the level of relevance of the sources (almost all journals) according 
to the number of published papers and the representative interconnections in the citation 
network. The co-occurrence analysis identified five thematic clusters: sustainable built 
environment and property management (blue), engineering and construction automation (red), 
real estate marketing and consumer behaviour (green), and technological applications of XR 
(yellow). These clusters were formed based on the frequent co-occurrence of closely related 
keywords.
3.1.7 Number of publications per journals. Subsequently, the 47 journal articles were 

distributed among the relevant journals in which they were published, as shown in Figure 10.
The journals with the most publications are: Smart and Sustainable Built Environment, 

with 3 articles (Adegoke et al., 2022a; Azmi et al., 2022; Sudhakaran et al., 2023); Automation

Figure 6. Number of publications per country (own elaboration). Source(s): Authors’ own creation/work
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in Construction, with 2 articles (Park et al., 2013; Potseluyko et al., 2022); Journal of 
Advanced Research in Applied Sciences and Engineering Technology, with 2 articles (Ibrahim 
et al., 2023a, b); Journal of Real Estate Research, with 2 articles (Allen et al., 2015; Benefield 
et al., 2019); Journal of Research in Interactive Marketing, with 2 articles (Sihi, 2018; Sun 
et al., 2023).
3.1.8 Authors with multiple publications on the topic. Having identified the most recurrent

authors (i.e. with ≥2 publications), it was possible to create the graph in Figure 11 representing 
the number of papers per author. This figure ranks researchers by the number of publications 
they are involved in, indicating that those listed may not be the primary or first authors. For 
specific paper citations, please refer to the first author listed in the References section.
3.1.9 Network of co-citations for authors. Finally, Figure 12 presents the network of co-

citations for authors who have at least 5 citations. Among the most co-cited authors are Benefield 
J.D. (16 citations), Jud G.D. (11 citations), Rutherford R.C. (14 citations), Sirmans G.S. (10 
citations), Johnson K.H. (11 citations), and Yavas A. (10 citations). The co-citation analysis 
using VOSviewer identified three main thematic clusters: studies on real estate valuation and

Figure 7. Mapping of the co-occurrence network of keywords (with recurrence greater than or equal to three) 
obtained through the VOSviewer software. Source(s): Authors’ own creation/work
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market dynamics (green); research on XR and BIM applications in construction project 
management and cost optimization (red); and works immersive technologies and their technical 
challenges (blue). These clusters reflect the distinct focus areas in the field, highlighting 
synergies between real estate economics and XR applications in project management. The

Figure 8. Number of publications by document type (own processing). Source(s): Authors’ own creation/work

Figure 9. Source Analysis realised using VOSviewer software. Source(s): Authors’ own creation/work
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analysis underscores the growing integration of XR technologies across disciplines and suggests 
future opportunities for interdisciplinary research bridging technological innovation and 
economic evaluation.

3.2 Classification of records
Table A1 (Appendix) shows the publications relevant to the economic management of housing 
projects in which the main behavioural and economic-financial quantities are analysed in 
quantitative terms. A total of 6 records were selected for this class. Table A2 (Appendix) shows 
the publications relevant for economic management studies of housing projects in which the 
main behavioural and economic-financial quantities are analysed only in qualitative terms. 
A total of 18 records were selected for this class. Table A3 (Appendix) shows the publications 
relevant to residential property valuation or marketing in which the main behavioural and 
economic-financial quantities are analysed in quantitative terms. A total of 29 records were 
selected for this class. Finally, Table A4 (Appendix) shows the publications relevant to 
residential real estate valuation or marketing in which the main behavioural and economic-
financial quantities are analysed only in qualitative terms. A total of 37 records were selected 
for this class.

3.3 Main behavioural and economic-financial key parameters under study
Figure 13 shows the frequency of use of the behavioural and economic-financial quantities 
analysed in the quantitative studies on the economic management of housing projects.

The quantities investigated are construction cost (2 times), life cycle cost (1 time), 
satisfaction level (1 time), data analysis time (1 time) and market value (1 time).

Figure 10. Number of publications per journal (own processing). Source(s): Authors’ own creation/work
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Figure 14 shows the frequency of use of the behavioural and economic/financial quantities 
analysed in quantitative studies relevant to residential property valuation and marketing.

The main quantities investigated were purchase price (9 times), Time on Market (8 times), 
purchase intention (7 times), probability of sale (3 times), perceived value (2 times), and utility 
(2 times). All other quantities were mentioned only once.

3.4 Impacts
3.4.1 Impacts of XR on economic management of housing projects. The quantitative studies
examining XR’s influence on housing project management can be grouped based on key 
economic management aspects: cost estimation and control, time efficiency, and stakeholder 
collaboration. These studies highlight measurable impacts of XR technologies on construction 
project management.

(1) Cost Estimation and Control. Fu et al. (2004) demonstrated that integrating BIM-based 
life cycle cost estimation with VR can improve forecast accuracy and mitigate 
significant budget overruns, which typically exceed 50% and affect 75% of government

Figure 11. Number of documents per author (own processing). Source(s): Authors’ own creation/work
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projects. Similarly, Wang and Tung (2023) showed that integrating BIM and VR 
reduced material cost variations by up to 15%, while cutting cost update times from 
7–14 days to just a few minutes, enabling more dynamic and efficient budget control. 
Salvo et al. (2022) reported that using XR in smart building redevelopment projects 
optimized financial management, supporting decisions that could increase property 
value by 7–11% through enhanced energy and operational efficiency.

Figure 12. Network of co-citations related to authors with at least 5 active citations realised through the 
VOSviewer software. Source(s): Authors’ own creation/work

Figure 13. Frequency of use of the analysed quantities in quantitative studies on the economic management of 
housing projects (own elaboration). Source(s): Authors’ own creation/work
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(2) Time Efficiency. Ahmed et al. (2022) found that advanced VR tools improved the 
precision of pre-occupancy assessments by shifting user satisfaction responses, thus 
potentially shortening design times and reducing the overall budget impact. Xiao 
(2014) showed that using 3D/VR GIS visualization techniques reduced data analysis 
time, highlighting potential time cost savings for projects requiring detailed 3D 
representations. These studies collectively underscore XR’s role in expediting 
decision-making and operational processes, leading to enhanced project efficiency.

(3) Stakeholder Collaboration. Soliman-Junior et al. (2022) highlighted that using 
collaborative VR tools in social housing retrofit projects improved requirement 
gathering through real-time adjustments, reducing inefficiencies and post-design 
change costs. This collaborative approach ensured a more efficient allocation of 
project budgets and a better understanding of user needs.

3.4.2 Impacts of XR on residential real estate appraisal and marketing. These quantitative
studies can be categorised into four areas: price, time on the market, buyer engagement and 
behaviour, and operational efficiency in marketing strategies. These dimensions illustrate the 
multifaceted role of XR technologies in reshaping the real estate sector.

(1) Price. Several studies demonstrate that XR technologies influence property prices 
significantly. Anderson et al. (2024a) found that low-priced properties marketed with 
VR initially achieved a 7.25% price premium, underscoring the enhanced perceived 
value that XR tools bring. However, their study also indicated variability in these 
effects over time and across different property segments, highlighting the need for 
strategic use of XR in pricing decisions. Ong et al. (2024) found that properties 
marketed with virtual tours or drone videos achieved a 5.5% higher price. Yu et al.

Figure 14. Frequency of use of the analysed quantities in quantitative studies relevant to residential property 
valuation and marketing (own elaboration). Source(s): Authors’ own creation/work
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(2021) reported price increases ranging from 2% to 4.5% due to VR integration in real 
estate listings. Benefield et al. (2019) showed a 3% price increase for lower-priced 
properties and 1.6% for higher-priced properties through VR virtual tours.

(2) Time on Market (TOM). The impact of XR on the time properties spend on the market 
is equally significant. Ong et al. (2024) found that properties marketed with virtual 
tours or drone videos extended marketing time by about 8 days Hou and Li (2022) 
found that VR reduces the time on market by an average of 32 days, with an even 
greater reduction of 67 days (31.5%) for hard-to-sell properties. Xiong et al. (2022) 
noted a 6.4% reduction in time on market when VR tours were employed, while Yu 
et al. (2021) observed a slight increase in TOM (3–7 days) in certain cases. Instead, 
Benefield et al. (2019) noted an associated increase in average time on market by 
approximately 17.6 days. These findings suggest that while XR can generally 
accelerate sales, its impact may vary depending on property type and market 
conditions.

(3) Buyer Engagement and Behavior. XR’s ability to enhance buyer engagement and 
influence behaviour is a recurring theme. Ibrahim et al. (2023c) reported a strong 
positive correlation (r 5 0.793) between VR adoption and purchase decisions, 
emphasizing its role in creating impactful buyer experiences. Sun et al. (2023) found 
that virtual authenticity (VA) and virtual ideality (VI) increased perceived diagnostic 
by 20% and inspiration by 25%, respectively, further boosting visit intention. Such 
studies underline the potential of XR technologies to shape emotional responses, build 
trust, and drive buyer interest. Azmi et al. (2022) highlighted that the immersive 
environment of VR significantly increases purchase intention.

(4) Operational Efficiency in Marketing Strategies. The operational benefits of XR
technologies are equally transformative for marketing practices. Deep et al. (2023) 
reported a 54% increase in buyer confidence through VR and AR technologies, which 
also reduce costs and physical visits. Xiong et al. (2022) demonstrated that VR reduces 
the bid-ask spread by 2%, improving negotiation outcomes. Benefield et al. (2019) 
highlighted the dual impact of VR tours in enhancing marketability and supporting 
brokers.

4. Discussion
4.1 Implications of different XR technologies on the fields of study
XR technologies, such as VR, AR and MR, significantly influence both the economic 
management of housing projects and residential real estate appraisal and marketing. VR is 
certainly the most studied technology (78 times in the works analysed, 67 times exclusively). It 
is widely used to improve the accuracy of economic decisions, especially in the planning and 
customization phases of buildings (Wang and Tung, 2023). For example, this technology 
allows the identification of potential design problems, optimizing resources, and reducing 
modification times (Fu et al., 2004). The second most studied technology is AR (30 times in 
the works analysed, 19 times exclusively), which facilitates interaction with digital models, 
increasing user engagement and optimizing real estate marketing through the personalization 
of the experience (Adegoke et al., 2022b; Ibrahim et al., 2023a). This translates into an 
increase in transparency and trust in the decision-making process, which is essential for buyers 
and investors. MR, although less documented (in the works analysed, it has never been 
analysed exclusively), integrates physical and virtual reality, offering unique opportunities for 
design exploration and improving collaboration between stakeholders (Deep et al., 2023). The 
adoption of XR technologies not only improves communication between designers and 
stakeholders but also increases transparency in real estate projects, an aspect that fosters trust 
and efficiency in the management of economic resources (Fu et al., 2004). Furthermore, their
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ability to democratize access to complex data promotes equity and sustainability, making them 
essential tools to address the challenges of the sector (Adegoke et al., 2022a; Ibrahim 
et al., 2023b).

4.2 Implications of XR applications integrated with GIS
In 5 of the analysed records, XR technologies were integrated into the GIS environment (Athik 
and Lee, 2020; Mart�ınez-Gra~na and Rodr�ıguez, 2016; Rau and Cheng, 2013; Salleh et al., 
2014; Xiao, 2014). The integration of XR and GIS is essential to improve spatial analysis and 
decision-making. Studies such as Xiao’s (2014) demonstrate that XR-GIS reduces the time 
required to analyse geographic data, improving the economic management of projects. This 
type of implementation allows the simulation of urban use scenarios in real-time, promoting 
sustainable practices and favouring more inclusive and participatory planning (Salleh et al., 
2014). XR-GIS integration offers new opportunities for advanced simulations and 
sustainability analysis, particularly relevant for densely populated urban contexts 
(Mart�ınez-Gra~na and Rodr�ıguez, 2016). XR-GIS tools increase planning efficiency, 
reducing errors and promoting data-driven decisions. For example, the use of these tools in 
densely populated urban contexts has improved transparency in decision-making processes 
and fostered greater environmental awareness among the citizens involved (Salleh et al., 
2014). Moreover, these technologies equip real estate professionals with enhanced insights 
into the spatial context, a critical element for optimizing real estate management.

4.3 Implications of XR applications integrated with BIM
In 10 out of 90 papers, XR technologies have been integrated into BIM design (Amed et al., 
2020; Biel, 2021; Fu et al., 2004; Park et al., 2013; Potseluyko et al., 2022; Salvo et al., 2022; 
Sikarwar and Shelake, 2023; Siniak et al., 2020a; Sun et al., 2017; Wang and Tung, 2023). XR 
and BIM integration improves project interactivity and management, optimizing time and 
costs. Fu et al. (2004) demonstrate that XR-BIM adoption reduces budget overruns in public 
projects, while Salvo et al. (2022) show that this combination increases the value of buildings 
by 7–11% thanks to energy and operational improvements. Wang and Tung (2023) highlight 
that XR-BIM accelerates cost updates, reducing errors and improving economic control. This 
technological combination represents a unique opportunity to improve the operational 
efficiency and sustainability of real estate projects. The ability of XR-BIM to provide 
immersive and interactive simulations allows stakeholders to explore alternative scenarios and 
identify optimal solutions, reducing waste and inefficiencies (Salvo et al., 2022). In terms of 
sustainability, projects managed with XR-BIM demonstrate reduced environmental impact 
and improved urban quality, making this technology a strategic choice for the future (Fu et al., 
2004; Wang and Tung, 2023). It is recalled that VR is often referred to as the ninth dimension 
of BIM, which is crucial in managing processes, as well as enabling the optimal use of 
resources and the overall improvement of design phases (Szafranko and Jurczak, 2024).

4.4 Key variables affecting or influencing project economic management
Quantitative studies on the economic management of housing projects, as summarised in 
Table A1, highlight key economic variables. These include construction costs (Salvo et al., 
2022; Wang and Tung, 2023) and life cycle costs (LCC) (Fu et al., 2004), which are critical to 
understanding project financial viability. These variables provide a comprehensive 
perspective on the profitability and sustainability of real estate investments, supporting 
improved planning and project management. The reviewed studies reveal significant 
implications of XR technologies for the economic management of housing projects. Research 
implications include the need for cost-efficient hybrid solutions, as highlighted by Ahmed 
et al. (2022), and the role of BIM-integrated VR tools in refining life cycle cost (LCC) 
estimations, which Fu et al. (2004) suggest requires further exploration to extend benefits
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across diverse contexts. Practical implications emphasize economic efficiency through BIM-
VR systems, as shown by Wang and Tung (2023), which streamline cost updates and optimize 
decision-making. Salvo et al. (2022) demonstrate how Industry 4.0 tools, including VR, 
enhance redevelopment project returns by increasing property value via energy and 
operational efficiencies. Social implications include the findings of Soliman-Junior et al. 
(2022) on collaborative VR tools improving inclusivity in social housing retrofits, and Xiao’s 
(2014) showing reduced data analysis times through 3D/VR GIS visualization, fostering 
affordable housing solutions. Collectively, these studies advocate balancing technological 
innovation with accessibility and scalability.

4.5 Impacts identified by qualitative studies on project economic management
Qualitative studies on project economic management highlight the role of XR technologies in 
improving efficiency and cost control. Regarding research implications, Park et al. (2013) and 
Biel (2021) show how integration with BIM promotes proactive defect management and waste 
reduction, while Li et al. (2004) and Sikarwar and Shelake (2023) highlight the need to 
develop predictive models and standardisations for the use of VR and AR in construction 
processes. In terms of implications for practice, Hussamadin et al. (2020) and Tang and Yang 
(2007) demonstrate how VR optimises financial control and collaboration on construction 
sites, while Bourhim and Cherkaoui (2020) and Mart�ınez-Gra~na and Rodr�ıguez (2016) 
highlight its effectiveness in safety and land-use planning simulations. Regarding social 
implications, Phommaly and Yu (2020) and Yamamura et al. (1996) show how immersive 
experiences improve design decisions and user satisfaction, contributing to more sustainable 
and inclusive projects. Overall, XR technologies emerge as fundamental tools to optimise 
resources, improve collaboration, and promote safe and sustainable environments.

4.6 Key variables affecting or influencing residential real estate appraisal and marketing
In quantitative studies of real estate appraisal and marketing, summarized in Table A3, the most 
investigated quantities include the sale price, Time on Marketing, and intention to purchase. 
These quantities are fundamental to understanding the behaviour and decisions of buyers and 
sellers in the real estate sector. The other quantities (willingness to pay, utility, perceived value, 
attitudes, behaviours, etc.), although equally important, could be less studied due to the 
complexity of their analysis and measurement. They are more difficult to quantify than 
parameters more directly related to the real estate transaction, such as the sale price and the 
TOM. Quantitative studies on residential real estate appraisal and marketing offer significant 
insights. For research, Adegoke et al. (2022a, b) and Benefield et al. (2019) focus on factors that 
influence the adoption of XR technologies, such as perceived value and frequency of use. These 
studies encourage further investigations into the psychological and cultural mechanisms that 
determine the effectiveness of such technologies, providing a basis for developing models that 
integrate economic and behavioural variables. On the practical front, Anderson et al. (2024a) 
and Deep et al. (2023) demonstrate how virtual tours and AR/VR applications optimise the 
decision-making process, reducing time on market and increasing transparency in transactions. 
Benefield et al. (2019) highlight how XR-based strategies can improve market positioning, 
increasing perceived value and the efficiency of sales operations. For society, Ibrahim et al. 
(2023a, b, c) and Sudhakaran et al. (2023) highlight the role of XR in promoting deeper 
engagement and greater acceptance of technological innovations. As highlighted by these 
studies, the adoption of immersive tools favours a more personalised user experience, making 
the real estate purchasing process more transparent and inclusive.

4.7 Impacts identified by qualitative studies on residential real estate appraisal and
marketing
Qualitative studies emphasize how XR technologies revolutionize real estate marketing and 
appraisal by enhancing customer engagement and decision-making processes. AR 
applications, such as virtual brochures (Adrianto et al., 2016) and interactive property
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displays (Setyadi and Ranggadara, 2020), improve user experiences while reducing marketing 
costs. Similarly, VR-based systems enable immersive property visualizations, meeting 
buyers’ emotional and functional needs while facilitating informed decisions (Fan and Zhang, 
2018; Wei, 2020). Innovative approaches, such as combining GIS with 3D models, further 
optimize property management and customer satisfaction (Athick and Lee, 2020). Studies also 
highlight XR’s role in reshaping market dynamics and promoting digital transformation in the 
real estate sector, driving competitiveness and transparency (Siniak et al., 2020a). However, 
challenges such as cost barriers and technical expertise need addressing to fully harness XR’s 
potential (Kaufmann and Olaru, 2011).

4.8 Geographic, economic and market disparities and challenges in adopting XR
technologies
The application of XR technologies, particularly in virtual tours, project management, and design 
visualizations, consistently demonstrate significant impacts on real estate and financial project 
management across advanced regions like the U.S. and China (Hsiao et al., 2024; Yu and Fan, 
2023). These impacts include improved buyer engagement and efficiency in decision-making 
processes. However, in developing regions such as Nigeria, challenges such as economic 
feasibility, lack of infrastructure, and technical expertise hinder the widespread adoption of these 
technologies, despite growing awareness of their benefits (Adegoke et al., 2022a, b). These 
discrepancies highlight the influence of geographic, economic, and infrastructural factors on XR 
adoption and its effectiveness. For instance, while some studies emphasise cost reductions and 
enhanced efficiency (Salleh et al., 2014; Siniak et al., 2020a), others underline barriers like 
resource constraints in emerging markets. This calls for comparative research to explore scalable 
solutions and tailor XR applications to specific regional contexts, ensuring broader accessibility 
and impact. Future studies should integrate these insights to refine the global applicability of XR 
technologies in the real estate and financial domains.

4.9 Answers to the research questions
The analysis of the studies selected for this systematic review enabled the research questions 
presented in Section 1.2 to be addressed. The key findings are summarized in Table 2.

4.10 Limitations found in the analysed studies
From the analysed studies emerge the following limits:

(1) Conflicting results in quantitative analyses. Quantitative studies often yield divergent 
results. For instance, the impact of XR technologies on sales prices and time on market 
(TOM) varies significantly across different geographical contexts. A study conducted 
in the United States (Yu et al., 2021) reports an increase in TOM (þ6%) and sales 
prices (þ3%). In contrast, research in China (Xiong et al., 2022) reports a more 
moderate decrease in TOM (�6.4%). These discrepancies call for further investigation 
to identify the underlying causes, which may stem from data collection methods, 
geographical location, or other factors.

(2) Limited focus on behavioural metrics. Few studies explore metrics such as willingness 
to pay (WTP), perceived value, or utility. These aspects are essential for understanding 
buyer behaviour in the real estate sector, adapting marketing strategies, setting optimal 
property values, and enhancing user experience (Sun et al., 2017). For example, the use 
of XR technologies for virtual tours could significantly influence WTP, thereby 
affecting the price formation mechanisms in real estate markets.

(3) Limited exploration of some estimation procedures. Most publications on real estate
valuation employ the hedonic price model to estimate market value or TOM (Anderson 
et al., 2024a; Hsiao et al., 2024; Ong et al., 2024; Xiong et al., 2022). Very few studies
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utilise alternative procedures, such as the Market Comparison Approach or artificial neural 
networks or focus on the pricing of individual properties. Comparison-based studies that 
investigate the effects of XR technologies versus traditional visualisation techniques are 
exceedingly rare and often prioritise behavioural variables over economic ones.

(4) The insufficient number of quantitative studies. Quantitative studies (35) are
significantly fewer than qualitative ones (55). Only six studies adequately examine 
the economic and financial impacts of XR technologies integrated into the design, 
maintenance, execution, or management of individual housing units or residential 
buildings, highlighting a clear gap in this area.

4.11 Areas for future consideration
In light of the identified limitations, future research should focus on:

(1) Exploring the reasons for discrepancies in results across different geographical 
contexts, adopting a comparative approach on a global scale.

Table 2. Answers to research questions on the use of XR technologies in economic project management and 
real estate appraisal: summary of key findings

Research questions Answers

1. How does XR influence project 
management and real estate valuation?

Economic Project Management
- Optimizes project economics through interactive

simulation and design customization (Fu et al., 2004)
- Reduces construction costs and improves stakeholder

collaboration (Wang and Tung, 2023) 
Real Estate Appraisal
- Increases buyer engagement, enhances transaction 

transparency, and supports faster, more informed 
decision-making (Ibrahim et al., 2023a)

- Almost always positively influences sales prices and time 
on the market (Anderson et al., 2024a; Benefield et al., 
2019; Hou and Li, 2022)

2. What are the main behavioral, economic, 
and estimation parameters analyzed?

- Economic Project Management: construction cost and life 
cycle cost (LCC)

- Real Estate Appraisal: purchase price, time on market 
(TOM) and purchase intention

3. What are the challenges and opportunities 
in using XR technologies?

- Challenges
- Economic and infrastructural barriers, particularly in 

emerging markets (Adegoke et al., 2022a)
- High cost of XR technologies, limited technical expertise, 

and inadequate digital infrastructure (Adegoke et al., 
2022b)

- Geographic disparities affecting the effectiveness and 
scalability of XR applications (Adegoke et al., 2022a, b) 

- Opportunities
- Enhances collaboration among stakeholders, optimizes 

economic decisions, and improves transparency in 
transactions (Benefield et al., 2019; Wang and Tung, 
2023)

- Adoption of scalable tools could increase accessibility and 
support global sustainability (Xiong et al., 2022)

Future Research Directions - Focus on underexplored variables and more advanced 
estimation procedures

- Greater emphasis on emerging mixed-reality (MR) 
technologies for future development

Source(s): Authors’ own creation/work
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(2) Investigating the impact of XR technologies on underexplored behavioural and 
economic metrics, such as WTP and perceived value, to provide a more 
comprehensive understanding of buyer behaviour.

(3) Developing studies centred on alternative methodologies for real estate valuation, 
expanding analyses to specific properties and combining XR with traditional techniques.

(4) Increasing the number of quantitative studies on the economic and financial impacts of 
XR technologies, particularly in the management of residential buildings and individual 
housing units.

5. Conclusions
In this paper, a systematic literature review was conducted on the impact of extended reality 
(XR) technologies in the economic management of housing projects, as well as in marketing 
and residential property appraisals. A total of 90 academic papers were selected from Scopus, 
Web of Science and Google Scholar, following defined inclusion/exclusion criteria. These 
papers were divided into two main categories: (1) studies on the economic management of 
housing projects; (2) studies on residential property valuation and marketing. Each category 
was further divided into quantitative and qualitative analyses of the impact of XR 
technologies.

The literature review answered the three research questions.
First, the analysis shows that XR technologies optimize the economic management of 

projects through interactive simulations and project customizations, improving collaboration 
and reducing costs. In real estate marketing, the use of XR increases buyer engagement, 
accelerates decisions and influences prices and times of sale.

Second, it has been shown that, for appraisal and residential marketing studies, the most 
influential variables are the sale price, the Time on Market (TOM) and the intention to 
purchase, while for project economic management studies the main variables are construction 
costs and life cycle cost (LCC).

Third, it emerges that, despite economic and infrastructural barriers in emerging contexts, 
XR technologies offer the possibility to improve the user experience and promote global 
sustainability through scalable tools. An opportunity to be seized could be the testing of new 
MR visors. They can enable the simulation and analysis of real-time scenarios, facilitating 
informed decision-making during all project phases, from planning to construction and 
maintenance, thereby optimising processes and reducing financial risks.

The practical implications of this systematic review highlight XR technologies as 
innovative tools in project management and real estate marketing. These technologies enhance 
transparency, precision, and collaboration among stakeholders, optimizing decision-making 
processes and improving market dynamics. However, balancing the costs of implementation 
with the benefits remains a critical challenge, particularly for smaller organizations. From a 
research perspective, the review underscores the need for further exploration of 
underexamined economic and behavioural impacts, such as perceived value and willingness 
to pay, while advocating for innovative estimation models and comparative studies to address 
cultural and geographic differences in XR adoption. Societally, XR technologies hold the 
potential to democratize access to critical information, reduce environmental footprints, and 
promote inclusivity by supporting informed and sustainable housing decisions, ultimately 
contributing to more equitable and participatory development practices.

The study is not without limitations. Firstly, the review focused on contributions published 
mainly in English, potentially excluding relevant papers written in other languages. Secondly, 
although the databases queried were among the most relevant, it is possible that some 
important contributions were not taken into account. Consultation of additional databases may 
increase the sample of selectable contributions in the future.
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Finally, the study would like to point out a further cue for future research. To improve the 
statistical robustness of the discussions carried out and allow for more robust comparative 
analyses, the number of quantitative studies needs to be increased. In this sense, it is crucial to 
deepen the analysis of correlations between economic and behavioural variables to better 
understand the dynamics underlying the adoption of XR technologies.
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Appendix

Table A1. Publications relevant to the economic management of housing projects (quantitative studies)

No Author(s) Goal of the study Results/Impacts Implications

Behavioural or 
economic-
financial quantities

1 Ahmed 
et al.
(2022) 

This study investigates 
the effectiveness of 
participatory design 
tools for young women 
in the United Arab 
Emirates, using a 
questionnaire to 
compare conventional 
tools (drawings) with 
advanced VR tools in 
assessing housing 
designs

The main measurable 
outcome is a shift in 
satisfaction responses. 
In some cases, VR 
transformed positive 
responses into 
neutrality or 
dissatisfaction 
compared to traditional 
drawings. This 
heightened perceptual 
accuracy suggests that 
VR can improve the 
precision of pre-
occupancy analysis and 
make the design process 
more efficient, 
potentially shortening 
design time

Advanced VR tools have 
proven effective in the 
pre-occupancy 
assessment process of 
homes, but they involve 
significant costs and 
resources, impacting the 
project’s overall budget. 
A “hybrid” solution that 
combines the use of VR 
with conventional tools 
could represent a valid 
alternative to keep both 
costs and 
implementation times 
under control

Level of satisfaction

2 Fu et al.
(2004) 

Implementation of a 
BIM-based life cycle 
cost estimation tool with 
3D virtual reality view

The study suggests that 
adopting the proposed 
tool could improve the 
accuracy of budget 
forecasts, contributing 
to the full absorption of 
spending overruns, 
which typically exceed 
50% and affect about 
75% of government 
projects

Implementing advanced 
BIM tools with 3D 
virtual reality 
visualisation can 
improve life cycle cost 
(LCC) estimation and 
financial management of 
construction projects, 
helping to reduce 
significant budget 
overruns and promoting 
more efficient use of 
economic resources in 
the construction industry 

Life Cycle Costs 
(LCC)

3 Salvo 
et al.
(2022) 

Examine the adoption of 
BIM and Industry 4.0 
technologies 
(digitisation, smart 
building, virtual reality) 
in the real estate sector to 
improve management 
and cost optimisation

Adopting technologies 
like BIM and VR for 
smart building 
redevelopment enables 
precise cost estimation, 
optimizes financial 
management, and 
supports Highest and 
Best Use (HBU), 
potentially increasing 
property value by 
7–11% through energy 
and operational 
efficiency

The implementation of 
Industry 4.0 tools in 
redevelopment projects 
facilitates the economic 
decision-making 
process, and maximizing 
the return on investment

Construction Costs; 
market value
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Table A1. Continued

No Author(s) Goal of the study Results/Impacts Implications

Behavioural or 
economic-
financial quantities

4 Soliman-
Junior 
et al.
(2022) 

Through a living lab 
approach, examine the 
use of VR and AR during 
the retrofit of social 
housing and evaluate 
their impact on the value 
generated

The study highlights 
that the use of 
collaborative tools such 
as Virtual Reality (VR) 
and “value cards” (cards 
for prioritizing user 
values) in living labs for 
social housing retrofit 
projects improved 
requirement gathering, 
enabling real-time 
design adjustments and 
thus reducing 
inefficiencies

This approach can 
reduce costs resulting 
from post-design 
changes and ensure more 
efficient use of the 
project budget through 
an early understanding 
of user needs

Perceived value

5 Wang and 
Tung
(2023) 

Developing a BIM-VR 
system for the design and 
cost estimation of 
changes during house 
construction

In the case study, the 
choice of materials 
resulted in cost 
variations of up to 15% 
compared to the initial 
budget, reducing update 
times from 7–14 days to 
a few minutes

The study shows that 
integrating BIM and VR 
in home customization 
reduces errors and cost 
update times, optimizes 
decision-making, and 
improves economic 
control, making 
financial project 
management more 
efficient and budget-
compliant

Construction Costs

6 Xiao
(2014) 

Study of the application 
of 3D/VR GIS 
visualisation techniques 
for reducing time costs in 
data analysis

The results show that 
using the proposed 
algorithm to visualize 
the real scene leads to a 
reduction in the time 
required for rendering

The proposed algorithm 
reduces the analysis time 
of geographic data in 3D/ 
VR environments, 
implying a potential 
reduction in operating 
costs in construction 
projects requiring 
detailed 3D 
representations

Data analysis time

Source(s): Authors’ own creation/work
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Table A2. Publications relevant to the economic management of housing projects (qualitative studies)

No Author(s) Goal of the study Qualitative results/implications

1 Biel (2021) Using BIM and AR to support the 
defect management process during the 
acceptance of flats in multi-family 
residential buildings

The MWBIM application can support 
the process of defect management and 
cost estimation during the acceptance 
of flats

2 Bourhim and 
Cherkaoui (2020)

Using Virtual Reality to simulate 
people’s behaviour during fire 
emergencies in high-rise residential 
buildings

VR simulation of fire emergencies can 
be effective. Moreover, the suggested 
approach is less costly and demanding 
than fire evacuation drills in the 
physical environment

3 Chen and Liu 
(2008)

Construction of an Internet-based 
digital construction project 
management system and dynamic 
database, also using VR and IDSS 
technologies

Increased efficiency in terms of cost, 
time, quality, safety and sustainability

4 Dolzhencko et al. 
(2021)

Developing a library of parametric 
objects, which can also be visualised in 
a virtual reality environment, to 
simplify planning, management and 
cost control in the construction of wall 
barriers in residential buildings 

The application can simplify planning, 
management and cost control

5 Gan and Zhang 
(2013)

Presentation of virtual construction 
technologies and their role in the 
industrialisation of houses

Virtual house building technologies 
can contribute to cost optimisation

6 Hussamadin et al. 
(2020)

Using VR technology to improve 
communication and interpretation of 
work instructions during construction, 
reducing guesswork and improving 
collaboration between skilled workers 

VR technology can improve 
communication and interpretation of 
work instructions during construction, 
reducing time and costs

7 Ibrahim et al. 
(2021)

Review of IoT adoption in the 
Malaysian construction industry, also 
focusing on AR technology

The correct adoption of IoT in the 
construction industry can improve 
efficiency and reduce risks, 
construction time and costs

8 Issa and El-
Hachem (2014)

Present an integrated system for 
visualising construction activities in 3D 
using virtual reality

VR technology makes it possible to 
model and visualise the design effect of 
any changes to the building 
configuration and calculate the effect 
on costs

9 Li et al. (2004) Implementation of VR techniques to 
diagnose and reduce design errors

VR techniques can identify and reduce 
design errors in construction, also 
having an important impact on costs 

10 Mart�ınez-Gra~na 
and Rodr�ıguez 
(2016)

Use of GIS, remote sensing and virtual 
visualisation for modelling the 
landscape impact of construction

Remote sensing and GIS techniques 
enable a 3D visualisation of 
urbanisation and related landscape 
restoration through virtual reality 
simulation. This approach offers a low-
cost understanding of the landscape 
context prior to intervention

11 Mokhtar et al. 
(2021)

Developing an application for virtual 
home interior decoration

The application allows users to 
virtually explore and decorate home 
interiors, increasing their marketability 

12 Park et al. (2013) Propose a defect management system in 
construction that integrates ontologies 
and augmented reality with BIM and 
avoids cost overruns

The proposed system enables proactive 
defect management during 
construction and avoids cost overruns
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Table A2. Continued

No Author(s) Goal of the study Qualitative results/implications

13 Phommaly and Yu 
(2020)

Applying Virtual Reality technology in 
home interior design to provide a more 
realistic and immersive representation 
of furniture proposals

VR technology can improve the home 
interior design experience, speed up 
design time and ensure optimal cost 
control

14 Sikarwar and 
Shelake (2023)

Examining the use of Augmented and 
Virtual Reality in reducing delays in 
construction projects in India 

The use of AR and VR can improve 
coordination in construction projects, 
reducing delays and costs

15 Tang and Yang 
(2007)

Integration of low-cost virtual reality 
into the architectural design process

Integrating VR into the architectural 
design process can improve work 
efficiency and cost control

16 Wang et al. (2020) Evaluation of digital technologies 
(including AR and VR) used in off-site 
construction

Digital technologies, such as AR and 
VR, can improve efficiency and safety 
in off-site construction, saving time and 
costs

17 Yamamura et al. 
(1996)

Describing a kitchen layout design 
system supported by virtual reality

The VR system allows customers to 
virtually experience the layout of their 
kitchen, facilitating design decisions 
and enabling cost control

18 Zhang et al. (2022) Developing a production information 
system for the construction industry

Proposal for a system to improve 
efficiency in the production of 
customised houses

Source(s): Authors’ own creation/work

Table A3. Publications relevant to residential property valuation or marketing (quantitative studies)

No Author(s) Goals of the study Results/Impacts Implications

Behavioural or 
economic-
financial quantities

1 Adegoke et al. 
(2022a)

Analysing the factors 
influencing real 
estate agencies’ 
decision to adopt VR 
technology

The study found that 
the intention to use 
VR in real estate firms 
is primarily 
influenced by 
performance 
expectations, ease of 
use, social influence, 
facilitating 
conditions, hedonic 
motivation, and price 
value, with the latter 
exerting the highest 
causal influence (Ri – 
Cj 5 0.1284)

The study raises 
awareness among real 
estate firms about 
factors impacting VR 
adoption and supports 
the Nigerian 
Institution of Estate 
Surveyors and 
Valuers in promoting 
VR integration in 
agency practices

Intention to use, 
Performance 
expectation, Effort 
expectation, Social 
influence, Facilitating 
conditions, Hedonic 
motivation, Perceived 
value
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Table A3. Continued

No Author(s) Goals of the study Results/Impacts Implications

Behavioural or 
economic-
financial quantities

2 Adegoke et al. 
(2022b)

Analysing the 
criteria used in 
measuring the 
determinants of VR
technology adoption 
in real estate 
agencies in Lagos

The study shows that 
VR adoption is 
primarily influenced 
by the perceived value 
of output quality
(Ri þ Cj value of 
2.0621), the 
frequency and actual 
number of uses 
(maximum Ri þ Cj 
value of 2.6172), and 
social influence 
(subjective norms 
with Ri – Cj of 
0.0549)

Real estate agencies 
could justify VR 
adoption costs if it 
improves service 
effectiveness and 
customer satisfaction, 
with economic return 
closely tied to the 
frequency of use and 
the intensity of 
technology adoption 
by agents

Perceived usefulness, 
Relative advantage, 
Perceived ease of use, 
Complexity, Subjective 
norms, Behavioural 
control, Production 
quality (to measure 
perceived value), 
Frequency of use

3 Allen et al. 
(2015)

Investigating the 
effect of sales 
strategies (including 
property 
visualisation via low-
immersive MLS 
virtual tours) on the 
pricing of residential 
properties using 
Singapore data

Marketing strategies 
such as public open 
houses, broker open 
houses, MLS virtual 
tours, and MLS 
photography can 
increase home sale 
prices by up to 10.2%, 
or approximately 
$21,600 on a median 
home price of 
$211,649. Broker 
open houses boost the 
likelihood of sale by 
4.6%, and MLS 
virtual tours by 4.7%. 
Conversely, public 
open houses reduce 
the probability of sale 
by 6.1%

Marketing strategies 
such as MLS 
photography, virtual 
tours, and broker open 
houses enhance the 
perceived value of 
residential properties, 
improving the 
reliability of market 
valuation and 
suggesting that 
brokers strategically 
use these techniques 
to position properties 
and optimize the sales 
process effectively

Sales Probability, Sales 
Price, Time on Market 
(TOM)

4 Amed et al. 
(2020)

Develop an AR/VR 
system for the 
presentation and 
management of pre-
sales houses, 
allowing the 
modification of 
materials, design and 
construction 
programme in real 
time according to the 
client’s needs 
(including economic 
needs)

The study shows that 
the use of VR and AR 
in pre-sale real estate 
projects allows 
customers to make 
changes to materials 
and design, increasing 
the perceived value of 
properties and 
reducing the risk of 
subsequent changes, 
with considerable cost 
savings compared to 
traditional methods

VR and AR improve 
transparency and 
perception of quality, 
facilitating a more 
precise evaluation and 
making pre-sale 
properties more 
attractive to 
customers, thanks to 
greater customization 
and involvement in 
the project

Pre-sales price, Cost of 
materials, Project 
timescale
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Table A3. Continued

No Author(s) Goals of the study Results/Impacts Implications

Behavioural or 
economic-
financial quantities

5 Anderson et al. 
(2024a)

Examine the effect of 
specific brokerage 
strategies, including 
MLS (low-
immersive) virtual 
tours, on prices and 
Time on Market 
(TOM)

Virtual tours 
significantly increase 
the selling price of 
occupied properties, 
with a 7.25% 
premium for low-
priced properties 
using VR in the first 
few days on the 
market, although this 
percentage decreases 
to �4.8% for 
properties that are on 
the market for a long 
time; high-end 
properties show an 
inverse effect, with 
initial discounts of up 
to �9.8% that convert 
into premiums of up to 
5.3% for long periods 
on the market

Virtual tours prove to 
be an effective tool to 
increase the perceived 
value and 
competitiveness of 
difficult-to-show 
properties, with 
variable effects on 
price and timing of 
sale, suggesting that 
their use should be 
strategic and oriented 
to the price target and 
the type of occupant 
to maximize the 
economic and 
marketing return

Sales price, Time on 
Market (TOM)

6 Azmi et al. 
(2022)

Investigating the 
potential of virtual 
reality (VR), for 
residential real estate 
marketing, to 
influence home 
purchase intention

The virtual 
atmosphere in VR 
positively influences 
buyers’ pleasure 
emotions, 
significantly 
increasing purchase 
intention (with a 
coefficient β 5 0.857 
for pleasure). 
However, the lack of 
free movement and 
tactile sensation 
reduces VR’s 
effectiveness in 
replicating the real 
environment, as 
arousal does not have 
a relevant impact on 
purchase intention
(p > 0.05)

Enhancing VR with 
sound, tactile 
feedback, and natural 
movement is crucial 
for creating a more 
realistic and engaging 
simulation, paving the 
way for a digital 
transformation in 
user-centred real 
estate marketing

Purchase intention
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Table A3. Continued

No Author(s) Goals of the study Results/Impacts Implications

Behavioural or 
economic-
financial quantities

7 Azmi et al. 
(2020)

Assessing the 
potential of virtual 
reality as a pre-
purchase evaluation 
tool for potential 
property buyers

The study reveals that, 
although similar 
emotions are evoked, 
the virtual reality 
environment scores 
lower in atmospheric 
evaluation compared 
to the real 
environment (average 
score of 5.51 vs. 6.06) 
and shows a slight 
reduction in purchase 
intention (5.56 vs. 
5.96), indicating that 
enhancing the quality 
of the VR experience 
is necessary to 
achieve an equivalent 
impact

The paper highlights 
the practical 
implications of using 
virtual reality in 
housing design 
evaluation, making 
projects more 
empathic, user-
centred, and able to 
meet the emotional 
and social needs of 
potential homebuyers

Emotions, purchase 
intention

8 Benefield et al. 
(2012)

Analysing the impact 
of satellite imagery, 
as a support tool for 
virtual tours, on price 
and market time of 
real estate properties

The results show that, 
while satellite images 
do not affect 
residential property 
prices, they have a 
statistically 
significant, albeit 
economically modest, 
positive impact on 
sale times. This 
suggests that 
including satellite 
images can slightly 
accelerate property 
marketing by 
enhancing overall 
perception

The practical 
implications for the 
residential real estate 
sector suggest that 
integrating additional, 
unique visual data like 
satellite images could 
enhance marketing 
strategies by 
providing prospective 
buyers with a broader 
context, potentially 
improving buyer 
engagement and 
decision-making 
efficiency

Buying and selling 
prices, Time on Market 
(TOM)

9 Benefield et al. 
(2019)

Assessing the impact 
of the introduction of 
VR virtual tours in 
the residential 
brokerage market

The main finding of 
the study highlights 
that the use of virtual 
tours, as a measure of 
agent effort, increases 
property sale prices by 
3% for lower-priced 
homes and 1.6% for 
higher-priced homes, 
without significantly 
affecting the agent’s 
commission rate. 
However, it also 
increases the average 
time on market by 
approximately
17.6 days

The study suggests 
that virtual tours can 
create a conflict of 
interest, as agents 
incur costs that may 
not be fully offset by 
immediate 
commissions, 
although long-term 
use could benefit 
agents by enhancing 
market positioning

Sales Prices, Time on 
Market (TOM), 
Commission Rate
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Table A3. Continued

No Author(s) Goals of the study Results/Impacts Implications

Behavioural or 
economic-
financial quantities

10 Casas-Mateus 
and Chacon-
Sanchez 
(2019)

Assessing the effect 
of using virtual 
environments on 
emotional perception 
in real estate

The main impact of 
the study shows that 
the use of immersive 
environments built 
with AutoCAD and 
Unity increases 
normalized levels of 4 
out of 5 emotions, 
reducing costs for real 
estate companies by 
eliminating the need 
to construct physical 
model homes

The implications for 
real estate valuation 
and marketing 
highlight that, 
through emotional 
analysis, it is possible 
to enhance the user 
experience by 
customizing the 
immersive 
environment based on 
buyer preferences, 
potentially increasing 
engagement and 
interest

Involvement, 
Frustration, Instant 
excitement, Long-term 
excitement

11 Deep et al. 
(2023)

Investigating the 
effect of AR and VR 
on the real estate 
investment decision-
making process and 
identifying latent 
variables influencing 
this process

AR and VR 
technologies 
significantly 
influence real estate 
investment decisions 
by enhancing value 
perception, innovative 
appeal, transaction 
trustworthiness, and 
ease of property 
interaction. Adopting 
these technologies 
increases potential 
buyers’ confidence by 
54%, reducing costs 
and time associated 
with physical visits 

AR and VR 
technologies facilitate 
more informed 
purchasing decisions, 
reduce perceived 
risks, and increase 
transparency, creating 
an immersive buying 
experience that 
attracts investors with 
an improved 
perception of value 
and innovation, thus 
strengthening the real 
estate sector as an 
innovative and 
trustworthy market 

Perception of value, 
Investment 
attractiveness, 
Reliability of 
transactions, Effortless 
involvement

12 Hou and Li 
(2022)

Examining the effect 
of VR technology on 
housing mobility and 
property transactions 
using an endogenous 
regression model

The VR technology 
reduces the time on 
market (TOM) of 
homes by about
32 days on average, 
with a greater 
reduction (67 days, or 
31.5%) for homes in 
difficulty selling

VR technology 
speeds up real estate 
transactions and 
improves sales 
efficiency, even in 
challenging times, 
such as the pandemic, 
as VR viewings can 
replace on-site visits 

Time on Market (TOM)

13 Hsiao et al. 
(2024)

Analysing the impact 
of VR signals on real 
estate transactions in 
different price ranges

The use of low-
immersion VR in real 
estate tours increases 
sales profits by up to 
19.7% for low-tier 
properties, while mid-
tier properties see an 
8.2% profit increase, 
highlighting a 
significant positive 
impact of VR on 
revenues, with less 
relevant effects for 
high-tier properties

The adoption of VR 
technology could 
transform the way 
online property 
viewings and 
presentations are 
conducted, 
potentially shortening 
decision times and 
influencing buyer 
confidence in an 
increasingly digital 
real estate market

House prices, real estate 
profitability
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Table A3. Continued

No Author(s) Goals of the study Results/Impacts Implications

Behavioural or 
economic-
financial quantities

14 Ibrahim et al. 
(2023a)

Investigating the 
effect of marketing 
communication 
channels through the 
adoption of AR in 
home buying

The use of augmented 
reality (AR) in real 
estate marketing 
significantly increases 
purchase intention, 
showing that 
preference and liking 
for AR home models 
have a positive impact 
on purchasing intent, 
with a moderate 
correlation of
r 5 0.655 for AR 
preference and
r 5 0.621 for AR’s 
effectiveness as an 
advertising tool

The adoption of AR in 
real estate marketing 
allows potential 
buyers to better 
visualize property 
layouts, enhancing 
engagement and 
decision-making 
beyond the limitations 
of traditional tools 
like brochures and 3D 
models

Purchase intention

15 Ibrahim et al. 
(2023b)

Exploring the 
relationship between 
AR applications and 
the purchase 
intention of potential 
home buyers

The study shows that 
using augmented 
reality (AR) 
technology in real 
estate promotion has a 
significant impact on 
purchase intention, 
with a moderate 
positive correlation 
between AR and 
potential buyers’ 
purchase intentions

The study suggests 
that AR could become 
an essential 
promotional tool for 
real estate developers 
by providing an 
immersive visual 
experience that builds 
trust and purchase 
intention, bridging the 
information gap 
between buyers and 
sellers

Purchase intention

16 Ibrahim et al. 
(2023c)

Analysing the 
relationship between 
channel 
characteristics and 
home buyers’ 
purchase intention 
through VR

The main result of the 
study indicates that 
adopting VR for 
virtual home model 
visualization in the 
pre-purchase phase 
significantly 
improves potential 
buyers’ purchase 
intention, as 
evidenced by a very 
strong positive 
correlation (value
r 5 0.793), 
demonstrating a 
significant 
relationship between 
VR usage and 
purchasing decisions

The using VR as a 
marketing tool could 
become essential for 
real estate companies, 
enhancing user 
experience and 
shortening the 
decision-making time 
through immersive 
environment 
simulation

Purchase intention
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No Author(s) Goals of the study Results/Impacts Implications

Behavioural or 
economic-
financial quantities

17 Juan et al. 
(2018)

Assessing the effect 
of VR on project 
understanding and 
purchase intention in 
the Taiwanese real 
estate sector through 
a VR navigation 
system

The main result of the 
study is that using the 
VR-based navigation 
system for pre-sale 
housing significantly 
improved clients’ 
project understanding 
and purchase 
intention, with an 
average increase of 
1.27 points (on a 
5-point Likert scale) 
compared to 
traditional navigation

The study’s 
implications suggest 
that integrating VR in 
real estate marketing 
can reduce the 
cognitive gap 
between pre-sale 
representations and 
final products, 
offering clients an 
immersive experience 
that enhances their 
satisfaction and 
confidence in 
purchase decisions 

Purchase intention

18 Mora-
Alvarado and 
Llerena-
Izquierdo 
(2021)

Developing a mobile 
application to obtain 
property information 
via augmented 
reality and QR codes

The study showed an 
88% user interest in 
using the BuildingQR 
application for real 
estate information 
management, with an 
84% perceived ease of 
use and a user 
satisfaction level 
exceeding 90%

The research 
demonstrates that 
technologies like 
augmented reality and 
QR codes can 
enhance transparency 
and accessibility of 
real estate 
information, 
promoting the 
adoption of digital 
solutions in urban 
planning and smart 
city development 

Property prices

19 Ong et al. 
(2024)

Estimating the effect 
of the agent’s efforts, 
via virtual tours, on 
prices and the 
duration of the real 
estate transaction

The study found that 
properties with virtual 
tours or drone videos 
sell at 5.5 and 0.5% 
higher prices, 
resulting in premiums 
of S$64,680 and S 
$5,880 compared to 
properties without 
these technologies; 
however, marketing 
time extends by about 
8 days for properties 
with virtual tours

The use of visual 
technologies 
enhances the 
marketability of 
properties by 
reducing 
informational 
asymmetries, 
increasing the 
probability of sale, 
and transaction 
prices; additionally, it 
supports targeted 
strategies in market 
segments that value 
higher informational 
transparency

Buyer arrival rate, 
Probability of sale, 
Transaction prices, 
Time on M Market 
(TOM)
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No Author(s) Goals of the study Results/Impacts Implications

Behavioural or 
economic-
financial quantities

20 Orzechowski 
et al. (2005)

Comparing the use of 
verbal descriptions 
and multimedia 
representations 
(virtual reality) in the 
assessment of 
housing preferences

The study found no 
significant differences 
in estimated housing 
preferences between 
verbal descriptions 
and multimedia 
representations 
(virtual reality), but 
multimedia 
presentation showed 
higher reliability with 
lower error variance 
and 53% correct 
predictions for control 
profiles

Less costly verbal 
descriptions of 
housing attributes 
may suffice to obtain 
valid preferences in 
real estate, while 
accuracy can improve 
with the use of 
multimedia 
visualizations

Utility

21 Pleyers and 
Poncin (2020)

To examine, through 
a questionnaire, the 
effects of non-
immersive VR 
experience on 
consumer attitudes 
and experience of 
visiting a real estate 
website

The use of non-
immersive VR 
technology for 
property visits, 
compared to photos, 
significantly increases 
the presence 
experience (with 
average scores of 3.94 
compared to 3.33) and 
emotional 
involvement (4.72 
compared to 3.98), 
improving both the 
intention to actually 
visit and the positive 
attitude towards the 
real estate agency 
(with average 
increases of 3.81 
compared to 3.33 
respectively)

The results suggest 
that the 
implementation of 
non-immersive VR 
virtual tours can 
represent an effective 
differentiation tool for 
real estate agencies, 
strengthening the user 
experience and 
improving the 
perception and trust of 
customers towards the 
agency and the 
properties presented

Attitudes towards 
products and the agency

22 Sihi (2018) Exploring the 
impacts of digital 
technologies, in 
particular VR and 
AR, on consumers’ 
purchasing decision-
making process

The use of VR and AR 
technologies in the 
search and selection 
phases of real estate 
purchases 
significantly 
accelerates the 
process, with 90% of 
buyers and over 75% 
of agents considering 
virtual tours helpful in 
reducing physical 
visits and saving time

The integration of VR 
and AR technologies 
in real estate 
marketing not only 
makes the evaluation 
process more efficient 
but also requires real 
estate agents to 
provide realistic and 
personalized virtual 
experiences to remain 
competitive and 
enhance the buyer’s 
experience

Purchase intention
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No Author(s) Goals of the study Results/Impacts Implications

Behavioural or 
economic-
financial quantities

23 Sudhakaran 
et al. (2023)

Investigating the 
perception of 
Earthship low-cost 
buildings among 
young people in the 
UK using VR 
technology

The study shows that 
after using virtual 
reality, young 
people’s positive 
perception of 
Earthship Houses as a 
sustainable, long-term 
housing option 
increased from 23% to 
67%, indicating a 
significant impact of 
virtual reality on 
awareness and 
acceptance of 
innovative housing 
concepts

Virtual reality 
technologies enhance 
property 
understanding and 
can facilitate the 
valuation and 
marketing of 
sustainable housing 
solutions, providing 
immersive 
experiences that make 
innovative housing 
concepts more 
tangible and 
comprehensible, 
increasing potential 
buyer interest

Attitude

24 Sun et al. 
(2023)

Investigating the 
roles of virtual 
authenticity and 
virtual ideality in 
shaping consumer 
responses, as well as 
the role of social 
signals in the VR 
context applied to 
real estate service 
platforms

The main result of the 
study shows that 
virtual authenticity 
(VA) increases 
perceived 
diagnosticity by 20%, 
while virtual ideality 
(VI) boosts consumer 
inspiration by 25%, 
both positively 
influencing visit 
intention

Real estate marketing 
platforms can use VA 
to provide detailed 
and realistic property 
information, while VI 
can be used to 
enhance inspiration, 
fostering greater 
customer engagement 
in future visits

Perceived Diagnostics, 
Inspiration, Intention to 
Visit

25 Sun et al. 
(2017)

Developing a 
method to assess the 
influence of room 
views on flat prices

The main result of the 
study shows that the 
integration of BIM 
and oblique 
photogrammetry 
allows for a 
preliminary 
assessment of room 
view prices in 
residential buildings, 
with virtual 
experiences revealing 
up to a 30% price 
variation between 
rooms with different 
views

Residential real estate 
marketing can 
leverage this 
technology to provide 
potential buyers with 
immersive 
experiences of room 
views, thus enabling a 
more accurate 
evaluation of 
willingness to pay and 
optimizing sale prices

Willingness to Pay 
(WTP)

26 Xiong et al. 
(2022)

Investigating how 
emerging 
technologies, such as 
VR, influence real 
estate purchase 
decisions, using real 
estate transaction 
data

The study shows that: 
a 1% increase in 
followers on a real 
estate portal leads to 
21% more physical 
visits; VR tours 
reduce the time to sell 
by 6.4% and the bid-
ask spread by 2%

These findings 
suggest that VR 
technology enhances 
the home-buying 
process, increasing 
buyer engagement 
and streamlining 
property transactions

Number of followers, 
Number of physical 
visits, Time on Market 
(TOM), Bid-ask spread
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No Author(s) Goals of the study Results/Impacts Implications

Behavioural or 
economic-
financial quantities

27 Yousaf et al. 
(2023)

Examining the 
impact of VR in real 
estate and the effects 
of offering 
consumers a non-
immersive 
experience through 
an existing 
technology

Using non-immersive 
VR for property tours 
increased consumer 
visit intention by 
33.6% and improved 
property knowledge 
perception

The study highlights 
that offering 
enhanced VR 
experiences to 
customers strengthens 
the perception of 
service and fosters 
brand loyalty, with the 
real estate VR market 
expected to exceed 
$2.5 billion by 2025, 
giving those who 
adopt these 
technologies an edge 

Visiting Experience, 
Attitudes, Behavioural 
Intentions

28 Yu and Fan 
(2023)

Assessing young 
consumers’ response 
to flat advertising via 
VR in China

The study finds that 
the informational 
richness and sense of 
presence offered by 
VR technology 
increase rental 
intentions by 38.6% 
among young users, 
demonstrating a 
significant positive 
impact on 
engagement

Integrating VR into 
real estate marketing 
strategies enables 
rental service 
providers to create 
interactive 
experiences that 
attract young 
consumers, thereby 
enhancing the appeal 
of advertised 
apartments

Intention to rent the flat

29 Yu et al. (2021) Studying the impact 
of virtual tours on 
TOM and real estate 
sales price using 
matching methods 
and 2SLS models

The study shows that 
integrating virtual 
tours in real estate 
listings increases the 
selling price by 
2–4.5% and extends 
the average time on 
the market by about 
3–7 days, although the 
effect on time varies 
depending on the 
specific sample used

The findings suggest 
that the use of virtual 
tours not only 
enhances property 
value perception 
among buyers but also 
represents a 
marketing strategy 
that can increase 
property appeal, 
supporting a higher 
price and extended 
visibility

Sales price, Time on 
Market (TOM)

Source(s): Authors’ own creation/work
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Table A4. Publications relevant to residential property valuation or marketing (qualitative studies)

No Author(s) Goals of the study Qualitative results/implications

1 Adrianto et al. 
(2016)

Using Augmented Reality as an 
interactive marketing tool to promote real 
estate products through virtual brochures 

AR application increases customer 
interest and reduces production costs

2 Alvanchi et al. 
(2021)

Propose a new method (augmented semi-
reality) to address safety issues in the pre-
sales marketing process of buildings 
under construction

Real estate agents rated the method 
positively for its ability to attract 
customers’ attention and facilitate the 
decision-making process

3 Anderson et al. 
(2024a)

Application of Augmented Reality in the 
real estate sector to improve customers’ 
buying experience, increase sales, reduce 
TOM and lower prices

The application of AR can improve the 
buyers’ experience and facilitate the 
sale of property

4 Anderson et al. 
(2024b)

Studying how VR virtual tours influence 
the residential property market by 
impacting the perceived value of homes 

VR virutal tuors greatly influence the 
perception of value

5 Athick and Lee 
(2020)

Joint use of 3D virtual models (low-
immersive VR) and GIS for visualisation 
and registration of real estate and 
underground utilities

The proposed approach, based on GIS, 
VR-3D and surveying technologies, 
enables more accurate recording of 
properties and more efficient 
management of underground utilities 

6 de Macedo et al. 
(2014)

Developing an application for displaying 
real estate advertisements via mobile 
augmented reality

The application allows users to view 
property listings on geographical maps, 
enriching the property search and 
selection experience

7 Deaky and Parv 
(2018)

Presenting a VR implementation for real 
estate developers, emphasising 
immersion and use within projects to be 
built and saving time and money for 
sellers and buyers

Enhancing the real estate presentation 
experience with the use of VR

8 Du and Zhou 
(2022)

Develop a virtual real estate visualisation 
system and evaluate user satisfaction

The virtual real estate viewing system 
has received positive feedback from 
users and is therefore able to attract 
potential buyers

9 Fan and Zhang 
(2018)

Using VR technology to allow consumers 
to explore property interiors virtually, 
facilitating the purchase decision-making 
process

VR technology can enhance the 
visualisation and interaction experience 
of property interiors, better meeting the 
emotional and social needs of potential 
buyers

10 Flori�an Castillo 
et al. (2023)

Determining different marketing 
strategies for an SME in the real estate 
sector, using a mixed methodology and a 
non-experimental cross-sectional design

Strategies such as corporate video 
marketing, social media response 
automation, alliances with industry 
companies and 3608 virtual tours can 
increase customer acquisition and 
position the company’s brand

11 Guo and Qin 
(2011)

Proposing a way to improve the 
competitiveness of real estate companies 
by using VR technology in online 
marketing

VR technology can improve corporate 
image and marketing capability

12 Hsu (2013) Developing a real estate marketing 
website using AR technology to improve 
the user experience and increase business 
opportunities for marketing companies 

AR technology can improve user 
experience in real estate marketing

13 Hwang (2007) Implementing a query interface for real 
estate websites with spatial analysis and 
virtual reality functionality

The interface offers a spatial solution 
for queries and demonstrates real estate 
information in advanced visual ways, 
saving time and costs
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Table A4. Continued

No Author(s) Goals of the study Qualitative results/implications

14 Hwang and Liu 
(2007)

Developing a query interface for real 
estate listings (including VR models of 
dwellings) based on geographical zones

The interface allows users to query real 
estate listings according to 
geographical areas, enriching the 
search with contextual spatial 
information

15 Jiang (2014) Developing a low-cost online system for 
real estate marketing using Unity 3D

The proposed system offers a cost-
effective solution for online real estate 
marketing, exploiting virtual reality 
technologies to improve the 
effectiveness of communication

16 Kaufmann and 
Olaru (2011)

Identifying factors contributing to the 
reluctance of SMEs to implement new 
marketing possibilities in the real estate 
sector (including VR/AR tools) 

Main factors: lack of IT knowledge, 
costs perceived as too high, lack of 
time, lack of factual information

17 Ka�zmierczak
(2020)

Developing an automated information 
system for real estate market participants 
based on GNSS positioning and AR 
technologies to provide filtered 
information in real time while visiting a 
property

The proposed system allows real estate 
market participants to access filtered 
information in real time while visiting a 
property, thus improving the search 
experience and reducing brokerage 
costs

18 Kim (2015) Using VR technology to allow consumers 
to explore property interiors virtually, 
facilitating the purchase decision-making 
process

VR technology can reduce costs and 
effort in acquiring property 
information, allowing consumers to 
virtually explore the interior and 
exterior spaces of properties

19 Kim et al. (2014) Assessing the activation of housing 
communities through the “smart” 
paradigm and the use of mobile 
augmented reality

The use of mobile augmented reality 
can help create new types of housing 
communities, creating value and 
facilitating interactions and economic, 
social and environmental sustainability 

20 Li and Yang 
(2022)

Analysis of the application of an 
intelligent decision support system in the 
digital marketing visualisation system for 
intelligent buildings

Creation of a visualisation system for 
the digital marketing of intelligent 
buildings

21 Luis et al. (2021) Developing procedures for the real estate 
pre-sale phase through the use of 
technological tools to create an 
immersive experience for end customers, 
facilitating informed decision-making 

The use of technology tools can 
improve the real estate sales experience 
and facilitate informed decisions by 
customers

22 Mendes and 
Santos (2022)

Developing an exploratory virtual model 
(EVM) as an alternative to sales displays 
for the real estate industry

EVM can replace the traditional 
architectural model with less cost and 
time

23 Miljkovic et al. 
(2023)

Exploring the advantages and 
disadvantages, including economic ones, 
of artificial intelligence and virtual reality 
technologies in real estate

AI and VR technologies can benefit the 
real estate market

24 Mufid et al. 
(2020)

Using Augmented Reality as an 
interactive marketing medium to promote 
real estate products

AR can be an interactive marketing 
medium to promote real estate products 
and increase demand

25 Neil (1996) Using VR technology to assist customers 
in identifying their preferences and 
customising the details of new 
constructions

VR technology allows customers to 
customise the details of new residential 
buildings, enhancing the buying 
experience and customer satisfaction
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26 Potseluyko et al. 
(2022)

Exploring the application of BIM, 
gamification and VR for the visualisation 
and customisation of prefabricated 
houses

The combined use of BIM, 
gamification and VR can improve 
customer satisfaction and increase sales

27 Pralhad et al. 
(2021)

Design a method to project a house onto 
an image target and allow the user to 
explore the interior of the house using 
augmented reality

AR software can help real estate 
developers overcome challenges in 
attracting customers and improving 
their shopping experiences

28 Rau and Cheng 
(2013)

Propose a 3D GIS-based virtual building 
modelling strategy for the real estate 
market

The proposed application is efficient, 
cost-effective, and a useful support for 
decision-makers

29 Rehman et al. 
(2020)

Develop a property recommendation 
system based on GORU and Cosinus 
Weighted Similarity to provide relevant 
suggestions to users when searching for 
properties online via VR virtual tours

The proposed system outperforms 
various RNN-based solutions and 
baselines in providing relevant 
suggestions to users when searching for 
properties online

30 Salleh et al. 
(2014)

Designing a Residential Real Estate 
Marketing Information System based on 
web GIS and VR

Integration of web GIS with virtual 
reality technologies is successful, but 
requires improvements in query 
management and 3D visualisation

31 Setyadi and 
Ranggadara 
(2020) 

Using Augmented Reality as an 
interactive marketing medium to promote 
real estate products

AR can be a valuable interactive 
marketing medium to promote real 
estate products

32 Siniak et al. 
(2020a)

Exploring PropTech applications 
(including AR and VR) in the real estate 
industry

Real estate technologies are changing 
industry dynamics and market 
transparency

33 Siniak et al. 
(2020b)

Examine emerging trends related to the 
digital transformation of the real estate 
sector, with a focus on PropTech and its 
implications

PropTech is influencing the digital 
transformation of the real estate sector 
and has significant implications for the 
market, competitiveness and labour 

34 Syahputra et al. 
(2019)

Using Augmented Reality as an 
interactive marketing tool to promote real 
estate products through virtual brochures

AR can be used to create interactive 
virtual brochures that increase 
customer interest and reduce 
production costs

35 Tarpio and 
Huuhka (2022)

Assessing the value residents place on 
housing adaptability through the use of 
semi-immersive virtual reality (3D-
CAVE)

VR facilitates the selection of 
accommodations with adaptable 
characteristics, influencing their 
potential purchase

36 Wei (2020) Using VR technology to allow consumers 
to explore property interiors virtually, 
facilitating the purchase decision-making 
process

VR technology can improve the 
experience of viewing property 
interiors, facilitating the purchase 
decision-making process for consumers 
and reducing marketing costs 

37 Zatwarnicka-
Madura (2018)

Identifying current real estate marketing 
strategies, examining the gender roles of 
suppliers and customers and evaluating 
the use of virtual reality in marketing 
communications

Identification of key trends in real 
estate marketing communication. 
Adoption of VR technologies to reach 
young people

Source(s): Authors’ own creation/work
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