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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in 
fulfilment of the requirement for the degree of Doctor of Philosophy 

USE OF VIRTUAL REALITY IN RESIDENTIAL ESTATE MARKETING 
TOWARD HOUSE PURCHASING INTENTION 

By

ATHIRA BINTI AZMI 

January 2021 

Chairman
Faculty  

: Professor
: Design and Architecture 

The provision of adequate housing is one of the key Malaysian government 
agenda for the growth and well-being of society. Despite the government 's 
endeavours to provide sufficient, affordable, and quality housing, research has 
found that this form of housing has not been satisfactory in terms of the living 

and behaviour within the housing industry motivates this research. This study 
believes in the potentials of virtual reality technology for facilitating home 
purchase decisions as part of the marketing tool in the residential real estate 
industry. This study reviewed extensive literature focusing on the role of 
emotions in homeownership, consumer behaviours and virtual reality 
applications in marketing. This study proposed that the atmospheric evaluation, 
perceived emotional values, perceived usefulness and perceived ease of use 
are the stimuli that could influence pleasure, arousal and satisfaction emotions, 
which in turn, could influence home purchase intentions in the virtual 
environment. In this study, an experiment was conducted to determine whether 
virtual reality could be an adequate representation of the real environment for 
potential homebuyers to evaluate housing choices. The relationships between 
the proposed stimuli components, their effect on emotional states and purchase 
intention was assessed using Partial Least Squares- Structural Equation 
Modelling. Results indicated that there is a significant difference in the 
atmospheric evaluations, perceived emotional values, perceived usefulness, 
perceived ease of use, satisfaction and purchase intention between the real 
environment and the virtual environment. Only the pleasure and arousal 
emotions evoked in the real and virtual environment have no significant 
differences. Statistical analysis also revealed that atmospheric evaluations 
significantly and positively affect pleasure and arousal emotions. Perceived 
usefulness and perceived ease of use both have a significant positive effect on 
satisfaction. Pleasure and satisfaction were found to positively influence home 
purchase intention. Based on the findings, this study highlights the 
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recommendations to enhance the application of virtual reality to be strategically 
applied in the residential real estate marketing for facilitating emotional 
experience and home evaluation. This study also serves as a benchmark for 
future studies in residential estate marketing using virtual reality focusing on 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah 

PENGGUNAAN REALITI MAYA DALAM PEMASARAN KEDIAMAN BAGI 
MEMPENGARUHI NIAT PEMBELIAN KEDIAMAN 

Oleh 

ATHIRA BINTI AZMI 

Januari 2021 

Pengerusi : Profesor Hajah Rahinah binti Ibrahim, PhD 
Fakulti : Rekabentuk dan Senibina 

Peruntukan perumahan yang mencukupi adalah salah satu agenda utama 
kerajaan Malaysia bagi pertumbuhan dan kesejahteraan masyarakat. Kajian 
telah membuktikan bahawa harga dan lokasi kediaman adalah faktor utama 
yang mempengaruhi pembelian kediaman. Walau bagaimanapun, kajian telah 
mendapati bahawa pembeli rumah masih tidak berpuas hati akan kediaman 
mereka. Kajian ini percaya akan potensi teknologi realiti maya untuk 
memudahkan pembeli rumah membuat keputusan dan mempengaruhi tujuan 
pembelian kediaman. Kajian ini mencadangkan untuk mengintegrasikan 
teknologi realiti maya sebagai sebahagian daripada kaedah pemasaran bagi 
mempengaruhi pembelian kediaman. Tinjauan literatur dan penelitian terperinci 
ke atas peranan emosi dalam pemilikan rumah, tingkah laku pembeli dan 
aplikasi realiti maya telah dijalankan dalam kajian ini. Satu eksperimen telah 
dijalankan untuk menentukan sama ada teknologi realiti maya adalah 
memuaskan untuk menggantikan persekitaran sebenar bagi membolehkan 
bakal pembeli rumah membuat penilaian rumah untuk dibeli. Pemodelan 
Persamaan Struktur  Kuasa Dua Terkecil Separa digunakan untuk menilai 
model hipotesis yang menghubungkan antara komponen ransangan yang 
dicadangkan, kesannya terhadap emosi dan niat pembelian rumah. Hasil 
analisis menunjukkan bahawa terdapat perbezaan yang signifikan antara 
persekitaran sebenar dan persekitaran maya dalam penilaian persekitaran, 
persepsi nilai emosi, persepsi kebergunaan, persepsi mudah guna, kepuasan 
dan niat membeli. Faktor emosi keseronokan dan keghairahan bakal pembeli 
rumah dalam persekitaran sebenar dan persekitaran maya tidak mempunyai 
perbezaan yang ketara. Analisis statistik juga menunjukkan bahawa penilaian 
suasana persekitaran telah secara signifikan dan positif mempengaruhi emosi 
keseronokan dan keghairahan. Andaian kepenggunaan dan andaian 
kemudahan penggunaan didapati mempunyai kesan positif yang signifikan 
terhadap kepuasan. Emosi keseronokan dan kepuasan didapati mempengaruhi 
niat pembelian rumah secara positif. Berdasarkan penemuan, kajian ini telah 

© C
OPYRIG

HT U
PM



iv 
 

mencadangkan bagaimana teknologi realiti maya boleh digunakan secara 
strategik bagi mempengaruhi niat pembelian rumah. Kajian ini juga berfungsi 
sebagai penanda aras bagi kajian masa hadapan penggunaan teknologi realiti 
maya bagi pemasaran kediaman yang menjurus kepada emosi dan tingkah laku 
pengguna. 
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CHAPTER 1

INTRODUCTION

1.1 Introduction

This chapter discusses the context and background of the study as well as the 
statement of the research problem. This chapter also addressed the main 
research question, aim and objectives for the research. Following that, this 
chapter discusses the experimental research methodology, data analysis and 
validation technique, scope and limitations of the study, as well as the
organisation of the thesis.

1.2 Context and Background of the Study

Virtual Reality have become an integral part of the Industrial Revolution 4.0 
(Industry 4.0) initiatives in which most industries strived to improve the quality of 
their services through the use of innovative technologies, digitization and 
intelligence to ensure higher efficiency and productivity (Petrillo, De Felice, Cioffi, 
& Zomparelli, 2018). The Industrial Revolution 4.0 would boost the real estate 
sector through a better personalized services, the applications of big data 
technologies for real-time information of customer preferences, a highly 
customized services at lower cost and the digital enhancement of the services

(Siniak, Shavrov, Marina, 
& Krajco, 2018).

This study highlights the need to reinvent the real estate sector towards new 
marketing strategies using digital technologies such as VR for better customer 

environment. Leading real estate corporations need to understand the latest 
innovations in VR technology, its current weaknesses and how this technology 
could be further enhanced to efficiently integrate it to be part of the business 
strategy in order to stay ahead of the pack. 

VR has transformed the current retail and marketing landscape in which retailers, 
service providers, and advertisers now have the opportunity to effectively reach 
out to customers through more vivid forms of communications. In the retail and 
marketing field, VR was found to have successfully provide gateways for 
marketers to innovatively reach consumers,  support better purchasing 
experiences and enable consumers to make better purchase decisions 
(Martínez-Navarro, Bigné, Guixeres, Alcañiz, & Torrecilla, 2019; Serrano, 
Baños, & Botella, 2016; Van Kerrebroeck, Brengman, & Willems, 2017).© C
OPYRIG

HT U
PM
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With the proven advantages of VR in various fields especially in the retail and 
marketing industry, this research is focusing on the potentials of VR application 
for the residential real estate market. This study found that there are very limited 
studies that focus on the application of VR in the housing context, particularly 
how the existing VR technology can be strategically utilized by housing 
developers to facilitate their marketing strategy and support potential 
homebuyers to make better evaluations of the house they were planning to 
purchase. 

1.3 Problem Statement

In the housing industry, it is well-established from the literature that price, 

decisions (Hasanudin & Chandra Sakaran, 2016; Kam, Lim, Al-Obaidi, & Lim, 
2018; Olanrewaju & Wong, 2019; Tan, 2012b). However, research has shown 
that homebuyers are still dissatisfied with the house after it was occupied 
(Kamaruzzaman, Razali, Ahmad Zawawi, Basir, & Riley, 2018; Mohit, Ibrahim, 
& Rashid, 2010; Tan, 2012a). This study is questioning whether the current 
approach of residential real estate market allows for potential homebuyers to 
comprehensively evaluate the housing choices for a more satisfactory purchase. 

Most housing developments in Malaysia are based on the sell-then-build concept 
(Aris, Fathi, Harun, & Mohamed, 2018). This sell-then-build concept allows the 
property developers to advertise and sell houses through their development 
proposal to potential homebuyers, using 2D plans, rendered perspective images 

cting the house. 
However, through this off-plan marketing method, prospective homebuyers were 
often unable to properly visualise themselves living inside the house (Andrew & 
Larceneux, 2018) and to evaluate whether the house could satisfy their lifestyle, 
needs and preferences. This study claims that the poor understanding of the 
house while making a purchase decision is one of the reasons that contributes 
to the dissatisfactions among homeowners after the house has been occupied. 

This study believes that VR technology has the potential in revolutionizing the 
residential real estate market and enables home purchase satisfaction. This 
study proposed that VR could be applied to facilitate potential homebuyers make 
better home purchase decisions and become part of marketing tool the housing
industry. Furthermore, this study seeks to understand the concept of 
environmental psychology that has been widely applied in the retail and 
marketing industry to to enhance the 
application of VR in the residential real estate industry in order to influence home 
purchase intention. 

However, the environmental psychology concept in the residential real estate 
context has not been widely studied. The researcher found a dearth of studies 
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behaviour and emotions that affect their purchase decisions. This thesis 
therefore seeks to resolve the gaps in literature regarding the use of VR for the 
study of consumer behaviour in residential real estate marketing and to examine 
the impact of the virtual environment on poten
purchase intention. 

1.4 Main Research Question

This study describes an attempt to investigate whether VR could be applied to 
influence house purchase intentions as an alternative to a real show unit. It is 
crucial to analyse the assessments of the virtual environment of the house in VR 
by potential homebuyers and benchmark them to a similar physical built 
environment based on the factors influencing the intention of house buying from 
consumer behaviour theories. In addition, this study also focused on determining 
the key predictor that influences emotions and purchase intentions in the virtual 
environment in order to enhance the current VR technology if it were to be used 
as part of the residential estate marketing as an alternative to a real show unit.

This study adopted the Eagle Research Design Table (Ibrahim, 2011) technique 

objectives, strategy of inquiry, targeted outputs and expected contribution of the 

technique identifies three different RQ Constructs 
in formulating the main research question. Ibrahim (2011) def

the action or impact on the element or information of the research. The 
researcher chose a Ph

main research question for this study is:

How to enhance the application of VR [HOW1] in residential real estate 
marketing in a virtual environment [WHAT] in order to stimulate emotions
[HOW2] towards house purchase intention [WHO]?

Table 1.1 is part of the Eagle Research Design Table adapted from Ibrahim 
(2011) that illustrates the research constructs, sub-research questions and 
research objectives that follow. This method has systematically guided the 
researcher to achieve the research objectives based on the formulated sub-
research questions. Table 1.1 demonstrates that three sub-research questions 
were further developed from the Eagle Table to address the main research 
questions. They are:© C
OPYRIG

HT U
PM
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1. What are the factors influencing house purchase intention among 
potential homebuyers? 

2. What are the aspects of a virtual environment that could influence house 
purchase intention? 

3. How to stimulate emotions for influencing house purchase intention in a 
virtual environment? 
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1.5 Research Objectives

Referring to Table 1.1, the research objectives of the study are:

1) To understand the factors influencing house purchase intention among
potential homebuyers.

2) To analyse the aspects of a virtual environment that could influence
house purchase intention.

3) To analyse the factors that could stimulate emotions for influencing
house purchase intention in a virtual environment.

4) To recommend how the application of VR technology in residential
estate marketing could be enhanced to stimulate emotions towards
house purchase intention.

1.6 Development of Hypotheses

Based on literature analysis, the researcher proposed to investigate whether the 
VR technology could become an adequate representation of a real show unit as 
the pre-purchase house evaluation tool for the residential estate marketing. In 
order to determine whether this technology could become part of the real estate 
marketing strategy, it is imperative to evalu
of the virtual environment of the house in VR and benchmark them to a similar 
physical built environment based on the factors influencing house purchase 
intention. Following prior literature that compared the virtual environment and the 
real environment, for VR to be adequate in representing the real environment,
this study hypothesised that there should not be a significant difference between 
the representation of the house in the virtual environment with the real 
environment (real show unit) for the different factors that could stimulate 
emotions for influencing home purchase intention as identified in Chapter 2
(hypothesis H1 H8). Furthermore, this study also hypothesised on the 
relationships between the variables (hypotheses H1a H7a). to determine the 
key predictor that influences emotions and purchase intentions in the virtual 
environment that were based on prior literature as discussed in Subsection 2.5.
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Figure 1.1 : The hypotheses and the proposed relationships among 
variables.

Subsection 2.5 has further details of the literature review that allows the 
researcher to identify and build upon the findings from previous studies to state 
the research hypotheses for this study. The hypotheses are illustrated in Figure 
1.1. In general, this study hypothesised that: 

Hypothesis 1: There is no significant difference in the atmospheric evaluation 
of the house between the real environment and a virtual environment.

Hypothesis 1a: Atmospheric evaluation has a positive effect on potential 

Hypothesis 1b: Atmospheric evaluation has a positive effect on potential 
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Hypothesis 2: There is no significant difference in the perceived emotional 
values between the real environment and a virtual environment. 

Hypothesis 2a: Perceived emotional values have a positive effect on potential 
 

Hypothesis 2b: Perceived emotional values have a positive effect on potential 
 

Hypothesis 3: There is no significant difference in perceived usefulness 
between the real environment and a virtual environment for house evaluation. 

Hypothesis 3a: Perceived usefulness has a positive effect on satisfaction. 

Hypothesis 4: There is no significant difference in perceived ease of use 
between the real environment and a virtual environment for house evaluation. 

Hypothesis 4a: Perceived ease of use has a positive effect on satisfaction. 

Hypothesis 5: There is no significant difference in pleasure emotion between 
the real environment and a virtual environment. 

Hypothesis 5a: Pleasure has a positive effect on purchase intention. 

Hypothesis 6: There is no significant difference in arousal emotion between the 
real environment and a virtual environment. 

Hypothesis 6a: Arousal has a positive effect on purchase intention. 

Hypothesis 7: There is no significant difference in satisfaction emotion between 
the real environment and a virtual environment. 

Hypothesis 7a: Satisfaction has a positive effect on purchase intention. 

Hypothesis 8: There is no significant difference in purchase intention between 
the real environment and a virtual environment. 

 

1.7  Experimental Research Methodology 
 

environments  real and virtual environments. The researcher considers that it 
is appropriate for this study to conduct a quantitative approach such as 
experiment, since it helps researchers to control the variables more accurately 
and guarantees that the outcomes produced by the treatment are due to the 
control of the independent variable (Chrysochou, 2017). In addition, 
experimental research is selected as the research methodology in this study to 
test and refine the theory proposed by the researcher. While qualitative approach 
like focus group or in-depth interviews will enable researchers to obtain a greater 
understanding of the topic being studied, these methodologies do not include 
statistical data that can be used to be generalised to the population. 
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Furthermore, according to Yin (2014) in Figure 1.2, the recommended 
parameters of a suitable inquiry strategy dictates that an experimental research 
design is reasonable for this study

rol over the behavioural event 
(real environment and virtual environment). Thus, an experimental research 
design was chosen.

Figure 1.2 : Relevant Situations for Different Research Strategies
(Source: Yin, 2014)

In this study, an experimental research method is adopted by referring to the four 
components of the experimental method by Creswell (2014). The four 
components of an experimental research method include: (1) variables, (2) 
instrumentation and materials, (3) participants, and (4) experimental procedures. 

1.7.1 Variables

According to Creswell (2014), a variable refers to a characteristic or attribute that 
can be measured or observed. In quantitative research, variables are related to 
answer the research question or to make predictions about what the researcher 
expects the result to show. Independent variables are the treatment or 
manipulation that probably cause, influence or affect outcomes, whereas the 
dependent variables are the outcomes of the influence of the independent 
variables. In Chapter 2, the researcher extensively analysed literature in 
consumer behaviour research and proposed a theoretical framework to explain 

purchase behaviour. In this study, the first part of hypothesis testing is to 
co
environments. The independent variables are the treatment conditions real 
environment and virtual environment. The dependent variables are atmospheric 
evaluation, perceived emotional values, perceived ease of use, perceived 
usefulness, pleasure emotion, arousal emotion, satisfaction, and purchase 
intention.The second part of hypothesis testing is to examine the hypothesised 
relationship between the variables proposed in Chapter 2. A detailed explanation 
for the variables is discussed in Chapter 2 and Chapter 3.
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1.7.2 Instrumentation and Materials

In an experiment, the researcher makes an observation and obtains measures 
using instruments (Creswell, 2014). The key material for this study is a real show 
unit or mock-up model of an apartment built by a local property developer. It 
represents the real environment. The researcher created a 3D model similar to 
the show unit for the virtual environment to corroborate the comparison of the 
experiments. The 3D virtual model was attached to display equipment called 
HTC Vive and formed the VR system environment. A self-reported questionnaire 
was developed as the data collection instrument. The questionnaire instrument 

conditions. A detailed explanation for the instrumentation and materials 
components is discussed in Chapter 3. 

1.7.3 Participants

Potential homebuyers were selected as the target population in this study. The 
study population was limited to Malaysian homebuyers eligible for the Rumah 
Selangorku scheme in order to match the properties of homebuyers eligible for 
the apartment unit used for the experiment. Hence, Malaysian adults between 
the age of 20 and 40, have never purchased a house before, household income 
of between RM 3,000 and RM 10,000, and are not physically or mentally 
impaired were the inclusion criteria of participants for the experiment. 
Participants were recruited using purposive sampling technique, which allowed 
the researchers to select participants who were valid, informative, and deemed 
appropriate for analysing the effect under study (Sarstedt, Bengart, Shaltoni, & 
Lehmann, 2018; Ting, 2019). In this study, 65 participants were recruited for the 
experiment. A detailed explanation for the selected participants is discussed in 
Chapter 3.  

1.7.4 Experimental Procedures

The experiment in this study was conducted on 22 and 23 February 2020. The 
experimental procedures follow a within-group design where participants are 
exposed in both experimental conditions real environment and virtual 
environment. Randomised crossover design was adopted to minimise the order 
effect in a within-group experimental design. Participants were called to the 

built for the real environment condition; whereas for the virtual environment 
condition, VR equipment was set up in an empty meeting room located nearby. 
A detailed explanation for participants IS discussed in Chapter 3. © C
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1.8 Data Analysis and Validation

In the data analysis procedure, the data obtained from the experiment were 
analysed using two different statistical analysis methods paired samples t-test 
using SPSS software version 25 and partial least squares structural equation 
modelling (PLS-SEM) using SmartPLS software version 3.2.8. A paired-samples
t-test is a statistical procedure used to test hypotheses concerning the
differences between the two related samples in the two conditions - real
environment and virtual environment. The second data analysis procedure was
conducted using PLS-SEM method to assess the hypothesised relationships
between the variables in the developed framework.

The internal consistency of the multiple items in the measuring instrument was 

of higher than 0.70, which is the 
sufficient value. In addition, an analysis of the measurement model was 
conducted in PLS-SEM to determine the appropriateness of the theoretically 
defined construct and to ensure that the questionnaire items measured what they 
were supposed to measure and were reliable. The assessment of the 
measurement model involves evaluating internal consistency and convergent 
validity. Results of the assessment of internal consistency reliability and 
convergence validity performed in PLS-SEM revealed that all the CR coefficients 
in the path model were greater than 0.70 which indicates that the measurement 
model had acceptable reliability. The convergent validity was established based 
on the AVE values which are higher than 0.50 for all constructs. The discriminant 
validity of the measurement model was also assessed using PLS-SEM. The 
results indicated that all the constructs had established discriminant validity, 
where the square root of AVE was greater than the correlations for all reflective 
constructs. Further details are discussed in Chapter 4.

1.9 Scope and Limitations

This study investigates whether the VR technology can replace the actual show 

virtual environment and help property developers reduce their marketing costs 
as well as having the competitive advantage of utilising the digital market. 
Usually, the property developers will only build the show unit at the real scale for 
higher-priced housing projects, complete with interior decorations and furniture.
The show units for affordable housing projects for middle- and lower-income 
potential homebuyers are often not available for potential homebuyers within this 
group of income to view the house before purchasing. Hence, this study 
concentrates its scope about the application of VR as a platform to market
affordable housing projects. 

Furthermore, this study limits its scope of this research for the most affordable 
VR solution for non-specialist in the real estate industry to easily and 
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conveniently use the VR technology and visualisation software as a marketing 
tool in the housing market. This study used Sketchup software, which is a free 
software and easy for 3D modelling, Enscape software as a VR plug-in that can 
be used with Sketchup for the VR visualisation, and HTC Vive, which is the one 
of the most affordable VR equipment in the market.  
 

In addition, this study limits its scope on one of the Rumah Selangorku affordable 
housing projects by a property developer as the real show unit was already 
available to be used as the experiment location and convenient for research 
participants to participate in the study. Furthermore, the volunteers recruited to 
participate in the study were limited to the prospective homebuyers who meet 
the household income eligibility and other requirements for this type of housing 
scheme.  
 

1.10  Organisation of the Thesis 
 

The content of each chapter is structured as follows: 
 

Chapter 1: Introduction 
 

Chapter 1 presents the context and background of the study, statement of the 
problem, main research question and sub-research questions, research 
objectives, overview of the research methodology, as well as the research scope 
and limitations.  
 

Chapter 2: Literature Review 
 

Chapter 2 reviews the literature in the study based on the constructs described 
in the Eagle Table (Table 1). The first part of the literature review includes 
relevant literature study regarding the problems in the current housing industry, 
virtual reality technology and the virtual environment application in various fields. 
The second part includes a review on various theories of consumer behaviour, 
particularly on the role of emotions in influencing purchase intention.  The third 
part discusses the theoretical framework proposed based on the literature review 
conducted, and the hypotheses posed to be tested in the experiment conducted. 
 

Chapter 3: Experiment Research Methodology 
 

This chapter discusses the four components of experiment research 
methodology used in this study, which includes  variables, instrumentation and 
materials, participants, and experimental procedures. The data collected from 
the experiment were analysed using two different statistical analysis methods  
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paired samples t-test using SPSS software version 25 and partial least squares 
structural equation modelling (PLS-SEM) using SmartPLS software version 
3.2.8.

Chapter 4: Results and Analysis

This chapter presents the results and findings of the experiment that has been 
carried out. The data analysis consists of two parts. The first part includes results 
of the statistical analysis using a paired sample t-test while the second part 
discusses the results of statistical analysis using PLS-SEM that was employed 
to analyse the structural paths of the proposed framework. This chapter also 
includes discussions and recommendations based on the results from the paired 
samples t-test and PLS-SEM results,
quantitative and qualitative evaluations of the sense of immersion and presence 
in the virtual environment to support the findings in this research in order to 
address the main research question presented in this study. 

Chapter 5: Conclusion

which also includes the theoretical and practical implications of the study. The 
knowledge contributions and recommendations for future studies are also 
discussed in this chapter. 
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