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Abstract. Virtual reality (VR) technology has gained more attention in recent years where most 

industries, including the real estate sector are striving towards digitalization of their services. 

Furthermore, the advent of Covid-19 pandemic has caused a substantial shift towards digital 

marketing approaches. Despite the exuberance to incorporate VR as part of the marketing 

strategy for real estate, little is known for the impact of this technology towards potential 

homebuyers’ emotions and purchase intention compared to conventional marketing method 

using physically built environment. Research in consumer behavioural studies suggests that 

atmosphere in physical stores or service providers plays an important role in evoking emotions 

that leads to positive purchase behaviour among consumers. This study proposed a theoretical 

framework based on the S-O-R framework and hypothesized on the relationships between 

atmosphere towards pleasure and arousal emotion, which subsequently influences house 

purchase intention in the virtual environment for the digital real estate marketing using VR. An 

experiment with 60 real potential homebuyers was conducted to evaluate the differences of 

participants’ evaluation of the atmosphere, pleasure, and arousal emotions, as well as the 

purchase intention between a real environment with a virtual environment. Partial least squares 

- structural equation modelling (PLS-SEM) was employed to test the hypothesized 

relationships. Results indicate that there is a significant difference in potential homebuyers’ 

evaluation of the atmosphere and purchase intention between the real environment and the 

virtual environment. PLS-SEM results proved that atmosphere significantly influence pleasure 

and arousal emotions, and pleasure emotion was revealed to significantly influence house 

purchase intention. The findings in this study contributes substantially towards enhancing the 

application of VR for effective marketing strategies for the residential real estate sector.  

 

Keywords: Virtual reality, Consumer behaviour, Real estate marketing, Digital marketing, 

Build environment informatics. 

 

1. Introduction  
 

The current economic transformation towards Industrial Revolution 4.0 (Industry 4.0) 

has led most industries to enable new strategies that focus on the integration of automation and 



digital technologies for a smarter and more sustainable service deliveries and production. 

Virtual reality (VR) emerged as part of the important element in Industry 4.0 for merging the 

real and virtual worlds in cyber-physical systems (CPS) (Petrillo, De Felice, Cioffi, & 

Zomparelli, 2018). According to Petrillo et al. (2018), CPS can be defined as a system in which 

physical objects are represented in the digital world; are integrated with elements that are 

capable of computing and communicating with each other. The ability of VR to simulate the 

real environment in real time, allow user interactions and support decision-making process has 

been widely proven in various literature (Heydarian, Carneiro, Gerber, & Becerik-Gerber, 

2015; Paes, Arantes, & Irizarry, 2017; Shin, 2018; Van Kerrebroeck, Brengman, & Willems, 

2017a). 

The applications of VR technology for visualization and marketing has also gained 

more attention in the real estate industry (Sihi, 2018). Although this technology have been 

proven to transform consumer experience in various industries especially retail (Martínez-

Navarro, Bigné, Guixeres, Alcañiz, & Torrecilla, 2019; Pizzi, Scarpi, Pichierri, & Vannucci, 

2019) and tourism (Huang, Backman, Backman, & Chang, 2016), more research attention has 

been called for the impact of VR towards consumer’s behaviour in the high involvement 

purchase context in real estate (Sihi, 2018). Andrew and Larceneux (2018) argues that 

emotional attachment from visualization could be influential in an apartment purchase.  

In marketing, atmosphere was found to play a vital role in consumer behaviour, 

particularly the purchase intention and decisions (Chang, Chih, Liou, & Hwang, 2014; Choi & 

Kandampully, 2019; Donovan, Rossiter, Marcoolyn, & Nesdale, 1994; Pizzi et al., 2019). 

However, few studies have been conducted for the impact of atmosphere in the virtual 

environment, particularly for the homebuying process. Most of the existing studies and 

frameworks that proposed theoretical structures that relate atmosphere with consumer 

behaviour have limited scope within the retail context.  

Studies that focused on these underlying relationships are based on findings in the 

environmental psychology models that are typically referred to the stimulus-organism-

response (SOR) models, which study how stimuli are processed in order to generate an output 

or a response (M. J. Kim, Lee, & Jung, 2020). Thus, to identify whether viewing a house in a 

virtual environment could elicits emotional reactions and behavioural responses among 

potential homebuyers, this study focusses on analysing these relationships from the SO 

perspectives. 

 

This research builds upon the prominent theory in consumer behaviour – Stimulus – 

Organism – Response (SOR) framework by Mehrabian and Russell (1974) . The SOR 

framework by Mehrabian and Russell (1974) explained how the stimulus in the environment 

accounts for the emotional response in individuals and how these emotions influence 

behavioural responses towards the environment. Although the model is developed more than 

40 years ago, it is still relevant and widely applied in current literature. Most recently, research 

related to consumer behaviour during the Covid-19 pandemic have implemented the SOR 

framework in different context of study, including purchase behaviour during the Covid-19 

pandemic (Kumar & Shah, 2021; Laato, Islam, Farooq, & Dhir, 2020), tourist behaviour (Radic 

et al., 2021), and online purchase behaviour (Perez-Vega, Kaartemo, Lages, Borghei Razavi, 

& Männistö, 2021; Zhu, Li, Wang, He, & Tian, 2020).  



Thus, the authors believe that the SOR framework can be applied and replicated into 

the context of residential real estate to investigate potential homebuyers’ behaviour in the 

virtual environment using VR. This study proposes the relationships between the atmosphere 

in the virtual environment as stimulus (S) that influences pleasure and arousal emotions (O) 

which in turn, influences house purchase intention (R). This paper focused on the findings from 

the experiment conducted on 60 real potential homebuyers to compare and evaluate potential 

homebuyers’ assessment of a house in real and virtual environment. Through partial least 

squares – structural equation modelling (PLS-SEM), this paper analysed the hypothesized 

relationships between atmosphere (stimulus), pleasure and arousal emotions (organisms) and 

purchase intention (behavioural response). 

 

2.0 Research Background 

2.1 Atmosphere in Marketing  

The role of atmosphere in architecture to influence emotions goes back to times since 

the medieval architecture where glorious temples and cathedrals were designed to stir 

grandiose religious emotions towards their gods. Pallasmaa (2014) described that the most 

overwhelmingly perceived character of the built environment is the atmosphere. The 

experience of the atmosphere in the built environment is subjective and is influenced by various 

sensory dimensions such as visual, touch and audible (Böhme, 2013). According to Kotler 

(1973), history have shown that men associate the built environment with aesthetics and 

meanings, with growing recognition that the spaces can be designed to create specific feelings. 

Atmosphere, according to Kotler (1973) is the spatial aesthetics of the designed spaces.  

In marketing literature, atmosphere has been regarded as an important tool to market 

products, alongside price, advertising, and public relations. Kotler (1973) defined store 

atmospherics as “the effort to design a buying environments to produce specific emotional 

effects in the consumer such as pleasure that stimulates the purchase probability”. Since then, 

there have been an increasing interest among researchers to investigate the influence of 

atmosphere towards individual’s emotions and behaviour in different context of study 

including retail and marketing, built environment, landscapes and interior design (Donovan & 

Rossiter, 1982). Following that, in the retail context, Derbaix (1987) added to the definition of 

atmosphere by describing it as “the arrangement of the retail space with an emotional 

orientation to produce feelings of well-being, welcome and joy”. Later, Rieunier and Dauce 

(2001) extend the idea that store atmosphere consists of all the intangible elements connected 

to the physical and social environments of the store such as music, scents, colours, lights, and 

service quality. In 2005, Lemoine (2005) defined store atmosphere according to three 

dimensions – the background environment, the architectural design, and the social 

environment. Furthermore, Lemoine (2005) described store atmosphere as a “strategic 

variable”, in which the environments are designed aimed to influence consumer behaviour.  

The common theme among consumer behavioural studies that investigated the role of 

atmosphere in the retail and marketing literature found that sensory information from the 

atmosphere influences cognitive and affective states, which in turn influences purchase 

behaviours among consumers (Aboiron & Aubin, 2016; Morrison, Gan, Dubelaar, & Oppewal, 

2011). In a more recent studies, researchers have highlighted the importance of atmosphere in 



evoking emotional connections and behavioural response amongst individuals (Choi & 

Kandampully, 2019; Dai & Zheng, 2021).  

Over the years, various researchers have claimed the large effects from manipulating 

store atmosphere through its layout, lighting, colour and music towards consumer behaviour 

(Choi & Kandampully, 2019; Donovan & Rossiter, 1982; Liu & Jang, 2009; Ryu & Jang, 2007; 

Tantanatewin & Inkarojrit, 2018). For example, Tantanatewin and Inkarojrit (2017) investigate 

the effects of restaurant interior colour on customers’ emotional response and restaurant entry 

decision. Their study modified the S-O-R framework to understand the influence of physical 

environment on customers’ emotional response as these responses would affect customers’ 

entry decision in a restaurant. Results of their study showed that pleasure was found to be the 

key variable and determinant in predicting customers’ decision-making. Their study proved 

that visual element such as colour plays an important role in creating a positive perception of 

atmosphere, hence influencing customers’ positive behavioural intention.  

In another study, Das and Varshneya (2017) underpinned the S-O-R framework by 

Mehrabian and Russell (1974) by considering its relevance in a mall setting to study consumer 

emotional response. Their study addressed the emotional outcomes in the atmospheric cues in 

a shopping mall towards consumers’ emotions, and how these emotions influence purchasing 

behaviour such as repatronage and positive word-of-mouth as part of the modified S-O-R 

framework. Results of their study showed that mall atmospherics have an impact on shoppers’ 

pleasure and arousal, which in turn have an impact on consumers’ behaviour. According to Das 

and Varshneya (2017), the results of their studies are in line with previous studies that 

consumer emotions - pleasure and arousal, have positive impacts on their behavioural 

responses (Afonso Vieira & Vaz Torres, 2014; Franz & Wiener, 2008; Kaltcheva & Weitz, 

2006; D.-M. Koo & Ju, 2009; Machleit & Eroglu, 2000).  

The growth of digital and online marketing have directed researchers towards 

investigating the role of atmosphere in virtual stores in influencing customers’ cognition, 

emotion and behaviour (Wu, Song, & Whang, 2021). For example, Hsieh, Lee and Tseng 

(2021) adopted the S-O-R framework to examine the role of atmosphere of brand mobile apps 

towards consumers’ behaviour. The results of their study identified atmospheric cues of the 

mobile apps such as design aesthetics and gamification influences pleasure and arousal 

emotions, which generates usage intention. In another recent study, Djafarova and Bowes 

(2021) also advanced the applications of the S-O-R framework to investigate the role of the 

environment in Instagram marketing towards consumers’ pleasure and arousal emotional 

response, which subsequently generates impulse purchase behaviour.  In addition, Nam, Cho 

and Kim (2021) extended the S-O-R framework to investigate the atmosphere or online 

environmental cues such as website design and responsiveness of online store towards 

consumer behaviour.  

With the advancement of digital visualisation technology such as VR, this study 

foresees the potential of this technology for the real estate industry to facilitate the home buying 

process. Study on the influence of stimuli in VR towards homebuyers’ behaviour is scarce, 

despite the growing interest of VR application in real estate. VR is a technology that is 

immersive and described as a technique that blurs the lines between the physical and virtual 

worlds, creates a sense of immersion and enhances virtual experience (Lee, Chung, & Lee, 

2013). Technology researchers and developers have been developing wearable VR devices that 



can enrich the digital information and virtual experiences to be used in various fields of studies 

and industries. In recent years, the VR technology and equipment market has expanded 

tremendously, with an expected value of $6 billion in 2020 (Pizzi et al., 2019). Nowadays, 

instead of just being able to view the 3D content using the VR equipment, users can experience 

a highly immersive and realistic virtual environment using the latest VR equipment and 

software that is available in the market. 

In the retail and marketing field, past literature has investigated that the application of 

VR is focused on consumers’ behaviour and shopping efficiency (Scarpi, Pizzi, & Visentin, 

2014). In producing positive customer feedback, the benefits of virtual stores over physical 

stores have been shown (Martínez-Navarro et al., 2019). Their research found that virtual 

stores are more effective in generating customer behavioural and evaluative responses. In 

addition, Sihi (2018) claims that VR has been shown to provide both buyers and realtors with 

enormous convenience in time for the real estate industry, as well as making it possible for 

buyers to experience homes in different geographical locations conveniently.  

 

Despite the extensive research in VR, most researchers focused mainly on the technical 

aspects of VR hardware or software, and the study on human aspects and behaviour in the 

virtual world seems to be overlooked (Suh & Prophet, 2018).  In addition, this study believes 

that the full potential of VR technology in the built environment is not fully utilised; especially 

when it comes to human interactions with the spaces that are being designed and constructed. 

This was supported by Paes et al. (2017) who argue that current research in the built 

environment related to VR are only based on exploring the effects of using such technology on 

design efficiency and productivity and lacking in the perceptual improvements that VR 

technology can offer in the virtual environment in human interaction.  

On the other hand, when the term Internet of Things (IoT) and Artificial Intelligence 

(AI) began to emerge (Hui, Sherratt, & Díaz Sánchez, 2017), most industries have strived to 

improve the quality of their services through the use of innovative technologies towards 

digitization and intelligence to ensure higher efficiency and productivity (Petrillo et al., 2018). 

VR have become an integral part of the Industrial Revolution 4.0 initiatives and could benefit 

the real estate sector. Industrial Revolution 4.0 would allow for a more personalized services 

for customer interface using VR and AR, the use of big data technologies for current 

information of customer preferences that experienced the property in a simulated environment 

and provided real-time feedbacks, a highly customized services at lower cost of the digital 

simulations compared to a physical environment and digital enhancement of services that could 

influence customers’ satisfaction and loyalty (Siniak, Shavrov, Marina, & Krajco, 2018). Thus, 

this study highlights the need to reinvent the real estate sector towards new business models 

using digital tools such as VR for more efficient operations, better customer engagement and 

elevate potential homebuyers’ experience with the built environment.  

The potentials of VR in real estate are tremendous. VR could provide a more cost-

efficient alternative as it allows users to interact with the house before it is actually built (Juan, 

Chen, & Chi, 2018). However, before this technology could be effectively employed as part of 

the marketing strategy for the real estate sector, it is pertinent to investigate whether the VR 

technology could adequately represent the atmosphere of the real environment to influence 

house purchase intention.  

 



2.2 The S-O-R Framework 

The relationships between the environment with human behaviour were extensively 

studied in the environmental psychology field. The environmental psychology discipline that 

was formed during the early 1950s focused research attention on the physical features of the 

environment where human behaviour occurs (Bonnes & Bonaiuto, 2002). It has been applied 

to study work environments, residential environments, entertainment environments, 

institutional environments such as hospitals, schools and prisons (Donovan & Rossiter, 1982). 

Environmental psychologists such as Mehrabian and Russell (1974) have developed important 

theoretical model for studying the impact of the physical environment towards human 

behaviour. Mehrabian and Russell developed the S-O-R framework in 1974 by dividing the 

model in three parts – environmental stimuli (S), emotional states (O) and behavioural 

responses (R). According to the theory, the environment evokes an emotional response in 

individuals which, in turn, creates either an approach or avoidance behaviour. The SOR 

framework is illustrated in Figure 1.  

 

Figure 1: The Stimulus-Organism-Response Framework. 

 
Source: Mehrabian and Russell (1974) 

 

The relationship between the stimuli components towards the main emotional 

dimensions described by Mehrabian and Russell (1974) has been widely applied in various 

field of study including neurological and neuropsychological sciences (Bonnes & Bonaiuto, 

2002; Ghaedi, Smaeili, Ghasemian Moghadam, & Izadi, 2019; Ozkul, Boz, Bilgili, & Koc, 

2019; Walter et al., 2011), information technologies (Suh & Prophet, 2018)  and psychological 

research (Bakker, van der Voordt, Vink, & de Boon, 2014; Ortiz-Ramirez, Vallejo-Borda, & 

Rodriguez-Valencia, 2021). Although the application of the S-O-R framework is tremendous 

in various field of study, this paper is focusing on analyzing this framework in the marketing 

perspective to explain how the different environmental stimuli (physical and virtual) impact 

the emotional states and behavioural response of homebuyers. 

 

In marketing literature, Donovan and Rossiter (1982) is among pioneers who 

investigated the S-O-R model by Mehrabian and Russell (1974) in a retail environment to 

measure the affective impact of the designed environment of a store towards consumer 

behaviour. Their study documented strong positive associations between pleasure and arousal 

with consumers’ intentions to spend money in the store. Since then, there have been a consistent 

interest among researchers to apply this framework for various retail and marketing setting to 

study consumer behaviour.  According to the study by Chan, Cheung and Lee (2017), the S-O-

R framework is the most commonly used theoretical approach in consumer behaviour studies. 

This model has been extensively used in studies on users’ behaviours in online retailing or 

digital marketing (Chan et al., 2017; Chang et al., 2014; J. K. Hsieh, Hsieh, Chiu, & Yang, 

2014), sport service environments (K. Kim, Byon, Baek, & Williams, 2018), online social 



network environment (Cao & Sun, 2018) and workplace and organizational behaviours (Attiq, 

Rasool, & Iqbal, 2017).  

 

The adaptability of S-O-R framework proved that it could be extended to be used in the 

different context of studies including VR environment. Since this framework has not been 

widely examined in the VR environment, this research will contribute to this theory by adapting 

and extending its applicability to explain potential homebuyers’ behaviour in a VR 

environment. This research builds on the S-O-R framework to propose a framework to explore 

the effects of the virtual environment on potential homebuyers’ emotions and, subsequently on 

their house purchasing intention. 

 

Atmosphere as the Stimulus (S) component 

Drawing from the S-O-R paradigm, this study proposed that the atmosphere of the 

house is the stimulus (S) component that could affect potential homebuyers’ pleasure and 

arousal emotions (O). Based on the discussion in Section 2.1, atmosphere are proven to 

influence consumers’ pleasure and arousal emotions and their purchasing behaviours (Choi & 

Kandampully, 2019; Tantanatewin & Inkarojrit, 2018). However, there is a lack of study that 

investigates the effect of atmosphere in the virtual environment towards potential homebuyers’ 

pleasure and arousal emotions. Following the findings in prior literature, the following 

hypotheses are posed: 

 

H1: Atmosphere has a positive effect on potential homebuyers’ pleasure emotion in the 

virtual environment.  

H2: Atmosphere has a positive effect on potential homebuyers’ arousal emotion in the 

virtual environment. 

 

Pleasure and arousal emotion as the Organism (O) components 

 

Pleasure is defined as the degree to which a person feels happy or satisfied within an 

environment, while arousal refers to an individual’s degree of excitement, alert, and stimulation 

triggered by the stimulus (Mehrabian & Russell, 1974). Marketing scholars have studied the 

influence of pleasure and arousal towards behavioural responses, particularly purchase 

intention. Bigneá et al. (2005) conducted research focusing on visitors’ emotions in a theme 

park environment, and the result of their study proved that pleasure influences positive 

behavioural intention such as positive word-of-mouth and loyalty. On the other hand, their 

study showed that arousal stimulates visitors’ sense of pleasure, affecting their loyalty 

behaviour.  

 

In the retail context, Das and Varshneya (2017) and Koo and Lee (2011) found that 

both pleasure and arousal positively impact consumers’ shopping behaviours such as purchase 

intentions, positive word-of-mouth, and re-patronage intention. With the growth of digital and 

online retailing, pleasure and arousal emotions have also been applied to online store contexts. 

Studies in the online retail context confirm the relationship between pleasure and arousal with 

online purchase behaviours (Chan et al., 2017; J. K. Hsieh et al., 2014). In the context of real 

estate marketing using VR, individuals could become excited or stimulated by the 3D 

simulations in the VR environment, hence, influencing their intentions to purchase the house. 



Hence, this study hypothesised that potential homebuyers’ sense of pleasure and arousal while 

experiencing the house in the VR environment would influence their purchase intentions.  

Thus, based on the findings in literature, this study hypothesised that the pleasure and 

arousal emotions when experiencing the house in a virtual environment could have a positive 

influence towards potential homebuyers’ purchase intention.  

 

H3: Pleasure has a positive effect on purchase intention in the virtual environment. 

H4: Arousal has a positive effect on purchase intention in the virtual environment. 

 

Purchase Intention as the Response (R) component 

The Response (R) component represents the behavioural outcomes that organisms 

express. Grewal, Monroe and Krishnan (1998) defined purchase intention as a probability that 

lies in the hands of the customers who intend to purchase a particular product. Therefore, this 

study proposed that pleasure and arousal emotions when viewing the house could influence 

potential homebuyers’ purchase intention. Figure 2 illustrates the proposed hypotheses in this 

study.  

Figure 1: The proposed model for the influence of atmosphere towards emotions  

and house purchase intention 

 

Source: First author. 

 

3.0 Research Methodology 
 

This study follows the four components of experimental research design by Creswell 

(2014) which include – variables, participants, instruments and materials, and experimental 

procedures.  

 

3.1 Experiment Design 

 A within-subjects experiment design was implemented for this study in which same 

participants are studied at two different conditions. A counterbalancing procedure following 

prior literature was conducted to distribute order of treatments in which all possible order 

sequences for participants to receive different treatment are balanced (Heydarian, Carneiro, 

Gerber, Becerik-Gerber, et al., 2015; Hong, Lee, Yeom, & Jeong, 2019a; Kuliga, Thrash, 
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Dalton, & Hölscher, 2015; Paes et al., 2017; Privitera, 2018). In this study, participants were 

randomly assigned to two groups. One group of participants will experience the real 

environment first, followed by the virtual environment; while the other group will experience 

the virtual environment first, followed by the real environment.  

 

3.2 Variables 

 The first objective of this study is to compare and evaluate participants’ responses 

between the two different environments. The independent variables are the treatment 

conditions – real environment and virtual environment. The dependent variables are 

atmosphere, pleasure emotion, arousal emotion, and purchase intention. Table 1 display the 

descriptions and operational definitions of each variable.  

 

Table 1: Descriptions and operational definitions of each variable 

INDEPENDENT VARIABLE 

Conditions/Treatment Description Treatment control 

Real Environment  

(Real show unit) 

Real show unit constructed by the 

property developer for potential 

homebuyers to view the house. 

Participants were randomly allocated to 

two groups based on the order of 

exposure to the treatment, either the real 

environment or the virtual environment 

first. 

 

Virtual Environment 

(Virtual show unit, 

viewed using VR 

equipment) 

Virtual show unit developed similar 

to the real show unit for potential 

homebuyers to view the house using 

VR equipment. 

DEPENDENT VARIABLES 

Dependent Variables Description Operational Definitions 

Atmosphere 

The subjective evaluation of the 

environmental features and 

atmospheric qualities of the house. 

The rating on a bipolar semantic 

differential scale which consisted of six 

bipolar adjectives that described the 

atmospheric qualities of the 

environment. 

Pleasure emotion  

The extent to which the potential 

homebuyers feel good, joyful, or 

happy in the house. 

The rating on a bipolar semantic 

differential scale which consisted of 

three bipolar adjectives that describe the 

pleasure emotion. 

Arousal emotion  

The degree to which a person in the 

home environment feels excited and 

aroused.  

The rating on a bipolar semantic 

differential scale which consisted of 

three bipolar adjectives that describe the 

arousal emotion. 

Purchase intention  

The probability or intention of 

potential homebuyers to purchase the 

house in the near future. 

The rating on a Likert scale from 

strongly disagree to strongly agree. 

 

From the experiment, this study also tests the hypothesised relationship between the 

variables in the virtual environment (H1 - H4). In structural equation modelling (SEM), the 

variables are categorized as exogenous or endogenous latent variables (Ramayah, Cheah, 

Chuah, Ting, & Memon, 2016). The exogenous variables are similar to the independent 

variables as these variables are the causal factors to other constructs in a model. Thus, in this 

study, the stimuli component – atmosphere was identified as the exogenous variable (the 

independent variable), The endogenous variables are synonymous to dependent variables, 

which are influenced by the exogenous variables. Thus, in this study, the endogenous variables 

are the emotional reactions or organism (O), which are pleasure and arousal, while the response 

component (R), is the purchase intention.  



3.3 Participants  

 The target population for this study was potential homebuyers in Malaysia within the 

Kuala Lumpur and Selangor area. The participants should match the inclusion criteria: (1) 

Malaysian nationality; (2) age between 20 to 40 years old; (3) household income of less than 

RM 10,000 per month; (4) first time homebuyer; (5) not physically or mentally impaired; and 

(6) not under serious medications for health-related problems.  

 

To ensure statistical power of the experimental results of this study, an a priori power 

analysis using G*Power 3.1 was conducted to determine the minimum sample size required for 

the study (Faul, Erdfelder, Lang, & Buchner, 2007; Lanier et al., 2019; Maxwell, 2000). The 

results indicated that the minimum sample size of 27 was required in a paired samples t-test 

analysis to achieve a statistical power of 80% with a medium effect size of Cohen’s d = 0.5 (α 

= .05). In addition, this study also considers the minimum sample size based on the "ten times 

rule" of PLS-SEM (Hair, Ringle, & Sarstedt, 2011). Based on this, a minimum sample size of 

30 was required to achieve an adequate statistical power to explain the relationships for PLS-

SEM analysis (Hair et al., 2011).  

 

A total of 60 participants were recruited in this experiment that takes into account an 

additional provision of 10% anticipated for dropout rate (Deng, 2006; Julious & Freeman, 

2008; Kuller & Wetterberg, 1993). Results of the power analysis showed that a paired samples 

t-test with 60 participants would be sufficient (98.5% statistical power) to detect a medium-

sized effect in differences participants’ evaluation in virtual environment and real environment. 

Appropriate approval from the university’s Ethic Committee for Research Involving Human 

Subject was obtained prior to recruiting participants for the study. 

 

3.4 Instrument and materials 

Questionnaire 

 

The study utilizes bipolar semantic differential scales (Osgood, Suci, & Tannenbaum, 

1957) and question items adapted from previous studies in consumer behaviour research 

(Bigneá et al., 2005; Donovan & Rossiter, 1982; Russell & Pratt, 1980; Van Kerrebroeck, 

Brengman, & Willems, 2017b; Yoke, Mun, Peng, & Yean, 2018). The instrument measures 

participants’ responses from both treatment groups (real environment and virtual environment). 

The questionnaire in this study was developed in two languages – Bahasa Melayu and English. 

The study used a seven-point Likert scale to quantify the responses from participants. 

 

The evaluation of the atmosphere was collected in six items with a bipolar 7-point 

semantic differential scale (e.g., pleasant-unpleasant, inviting-uninviting, cosy-not cosy, 

boring-interesting, monotonous-varied, and meaningless-impressive), based on combined 

items from De Kort et al. (2003), Westerdahl et al. (2006), Franz and Wiener (2008) and Kuliga 

et al. (2015). Cronbach α for atmospheric = 0.873. Pleasure emotional reaction was measured 

with a bipolar 7-point semantic differential scale with the following three items: happy-

unhappy, bored-entertained and annoyed-pleased, adapted from past studies (Bigneá et al., 

2005; Donovan & Rossiter, 1982; Russell & Pratt, 1980). Cronbach α for pleasure = 0.893. 

 



Similarly, arousal emotion was measured with a bipolar seven-point semantic 

differential scale with the following three items: calm-enthusiastic, relaxed-stimulated, and 

indifferent-surprised, adapted from past studies (Bigneá et al., 2005; Donovan & Rossiter, 

1982; Russell & Pratt, 1980). Cronbach α for arousal = 0.762. Purchase intention was measured 

with three items by means of seven-point Likert scales ( i.e., 1 = strongly disagree, 7 = strongly 

agree) adapted from past studies (Van Kerrebroeck et al., 2017b; Yoke et al., 2018). Cronbach 

α for purchase intention = 0.938. Table 2 summarizes each measurement items in the 

questionnaire.  

Table 2: Questionnaire Items 

 VARIABLE MEASUREMENT ITEMS ADAPTED FROM 

ATMOSPHERE   

ATM1 Cosy – Not cosy De Kort et al. 

(2003);  

Kuliga et al. (2015);  

Westerdahl et al. 

(2006); 

Franz and Wiener 

(2008) 

ATM2 Pleasant – Unpleasant 

ATM3 Inviting – Uninviting 

ATM4 Interesting – Boring 

ATM5 Varied – Monotonous 

ATM6 Impressive - Meaningless 

PLEASURE   

PLE1 Happy – Unhappy 

Bigneá et al. (2005); 

Donovan & Rossiter 

(1982); 

Russell & Pratt 

(1980) 

PLE2 Entertained – Bored 

PLE3 Pleased – Annoyed 

AROUSAL  

ARO1 Enthusiastic – Calm 

ARO2 Stimulated – Relaxed 

ARO3 Surprised – Relaxed 

PURCHASE 

INTENTION 

  

PUR1 After viewing this house, I become interested in 

purchasing a house like this in the future. 

Van Kerrebroeck et 

al. (2017);  

Yoke, Mun, Peng, & 

Yean (2018) 

PUR2 From this viewing experience, I have a desire to own a 

house like this. 

PUR3 If I am going to purchase a house over the next few 

years, I would consider a house like this. 

 

In addition, a Virtual Presence Questionnaire that was adopted from prior research 

(Heydarian, Carneiro, Gerber, Becerik-Gerber, et al., 2015; Sihi, 2018; Westerdahl et al., 2006; 

Witmer & Singer, 1998) was also used in the study to provide a deeper understanding of the 

participants’ immersion and presence in the virtual environment. Table 3 summarizes the 

Virtual Presence Questionnaire used for the study.  

 

Table 3: Virtual Presence Questionnaire 

Question Source 

1. “How physically fit do you feel today?” (Witmer & Singer, 

1998) 



2. “How good are you at blocking out external distractions when 

you are involved in something?” 

(Witmer & Singer, 

1998) 

3. “Are you easily disturbed or distracted when working on tasks?” (Witmer & Singer, 

1998) 

4. “Did you get bored with the VR model during the viewing 

experience?” 

(Westerdahl et al., 

2006) 

5. “Did the surfaces such as walls, floors, and furniture look real in 

the VR model when you view it?” 

(Westerdahl et al., 

2006) 

6. “Could you orient yourself in the internal environment during 

the VR experience?” 

(Westerdahl et al., 

2006) 

7. “How much did your experiences in the virtual environment 

seem consistent with your real-world experience?” 

(Witmer & Singer, 

1998) 

8. “How realistic was your sense of movement around in the virtual 

environment?” 

(Witmer & Singer, 

1998) 

9. “How difficult was it to understand the characteristics of the 

house in VR?” 

(Heydarian et al., 2015) 

10. “Comparing the house in the virtual environment and the 

physical environment, how similar do you feel these two 

environments?” 

(Heydarian et al., 2015) 

11. “Did you feel that the Virtual Reality (VR) model lacked 

information for you to understand the interior of the house?” 

(Westerdahl et al., 

2006) 

12. “To what extent do you feel that the internal environment in the 

VR model has given you an understanding of what the future 

house is going to look like?” 

(Westerdahl et al., 

2006) 

13. “Would you be able to make decisions to choose a house to 

purchase using the VR model as a base? (Please assume that the 

price and location is already suitable)” 

(Westerdahl et al., 

2006) 

14. “How useful do you think is the application of VR in a home-

buying process?” 

(Sihi, 2018) 

15. “How likely are you to select a property developer that marketed 

their housing project using VR compared to a property 

developer that did not?” 

(Sihi, 2018) 

16. “Have you tried on any VR technology like this to view a house 

marketed by any property developer?” 

(Sihi, 2018) 

17. “Do you feel any discomfort or dizziness after viewing the house 

in VR?” 
(These questions were 

added by the 

researchers) 

18. “What kind of information do you think is lacking from the VR 

model?” 

19. “Do you have any other comments or suggestions regarding the 

application of VR technology for real estate marketing?” 

 

Physical and 3D models 

 

 The physical model used for the experiment was a physically constructed apartment 

unit by a local property developer. The virtual environment requires the development of a 

realistic 3D model similar to the real house, including materials, furnishings and lighting. The 

3D model was developed in Sketchup Pro 2019 (version 19.3) and Enscape (version 2.6.1) was 

employed for real-time VR rendering.   

 

 Figure 2a shows the example of the master bedroom of the apartment in real 

environment, Figure 2b shows the 3D model of the same master bedroom developed in 



Sketchup, while Figure 2c shows the virtual environment of the master bedroom of the house 

viewed in Enscape software for VR.  

 

Figure 2a: The master bedroom in the real environment. 

 

Source: First author. 

Figure 2b: The 3D model of the master bedroom developed in Sketchup software.

 

Source: First author. 

 

 

 

 

 



Figure 2c. The virtual environment of the master bedroom viewed in Enscape for VR. 

 

Source: First author. 

 

Computer and VR equipment  

In this study, HTC Vive was used as the VR equipment. HTC Vive consists of a head-

mounted display (HMD), base sensors for tracking position and orientation, and a set of 

controllers. The computer used for 3D modelling in Sketchup and Enscape software was a Dell 

G7 15 7590 laptop with Intel ® Core ™ i7-8750H processor and NVIDIA GeForce GTX 1050 

(4GB GDDR5) graphics card. The computer has an 8GB RAM that operates with the Windows 

10 operating system.  

 

3.5 Experiment Procedure 

 

The experiment was conducted in two days’ time at a local property developer’s sales 

office located in Shah Alam, Selangor. Participants were randomly allocated to two groups 

upon signing the consent form. One group would experience the real environment first, 

followed by the virtual environment; while the other group would experience the virtual 

environment first, followed by the real environment After participants completed the 

questionnaire for the first environment, a five-minute interval or washout period was given to 

the participants and then moved on to another environment. The five-minute break in between 

the environments emulated the washout period of previous similar experiment conducted by 

Heydarian et al. (2015) and Hong et al. (2019). The experiment procedure is illustrated in 

Figure 3.  

 

 



Figure 3: Experiment design 

 

Source: First author. 

 

4.0 Results and analysis 

 
4.1. Participants demographics 

 

Data from 60 participants that completed this study was analysed. The demographic 

profile of participants is summarised in Table 4. The participants comprised of 27 males 

(45.0%), while 33 participants are female (55.0%). They were aged between 23 and 38 years 

old (Mean age ± SD = 29.25 ± 2.81).  

 

Table 4: Participants demographics. 

Attribute Value (n = 60) 

Frequency Percentage 

Gender Male 27 45.0% 

Female 33 55.0% 

Age 20-24 2 3.30% 

25-29 34 56.70% 

30-34 21 35.0% 

35-39 3 5.0% 

Marital Status Single 28 46.7% 

Married 32 53.3% 

Race Malay 57 95.0% 

Chinese 3 5.0% 

Level of Education Degree 41 68.3% 

Masters 15 25.0% 

Others 4 6.7% 

Profession Private Sector 47 78.3% 

Government Sector 8 13.3% 

Others 5 8.4% 

Household Income < RM 3,000 per month 11 18.3% 

RM 3,001 to RM 5,000 30 50.0% 

RM 5,001 to RM 8,000 17 28.3% 

RM 8,001 to RM 10,000 2 3.3% 

Number of Children 0 39 65.0% 

1 12 20.0% 

2 8 13.3% 

3 1 1.7% 

Prior VR experience  Yes 2 3.3% 

 

 

 

 

 

 

 

 

 

 

 

 

 

Setup and 

briefing  

RE RE Experience 

Questionnaire  

Participants are 

randomly assigned 

to the two conditions  

5 min  10 min  5 min  

VE VE Experience 

Questionnaire  

 RE RE Experience 

Questionnaire  

 VE VE Experience 

Questionnaire  

crossover  

5 min  10 min  

Virtual 

Presence 

Questionnaire  

Participants are 

compensated 

and dismissed  

washout  



No 58 96.7% 

 

From Table 4, it can be discerned that a majority of the participants are with the 

household income of RM 3001 to RM 5,000 per month (50%). Of the 60 participants, only two 

participants (3.3%) have prior experience of using VR. 

 

4.2 Paired samples t-test results  

Paired samples t-test was conducted to determine whether there are significant 

differences between the participants’ evaluation of each variable in the real and virtual 

environment. Table 5 summarizes the results of the paired samples t-test analysis.  

 

Table 5: Paired samples t-test results 

Variables 
Mean (SD) Mean 

diff. 
t-stat. 

p-

value 

Effect 

size, d RE VE 

Atmosphere 6.06 (0.75) 5.51 (1.24) 0.553 3.800 0.000 0.49 

Pleasure 5.97 (0.89) 5.70 (1.20) 0.267 1.741 0.087 0.23 

Arousal 5.52 (1.20) 5.66 (1.14) -0.178 -0.923 0.360 0.12 

Purchase 

intention 

5.96 (0.96) 5.56 (1.25) 0.406 2.875 0.006 0.37 

 

From Table 5, for atmosphere, the p-value shows that there is a significant difference 

between the mean values of atmospheric evaluation in the real environment and the virtual 

environment (p = 0.000 < 0.05). The results also revealed that there is no significant difference 

between the mean values of pleasure (p = 0.087 > 0.05) and arousal emotions (p = 0.360 > 

0.05) in the real environment and the virtual environment. However, for purchase intention, 

the results showed that there is a significant difference between the mean values in the real 

environment and the virtual environment (p = 0.006 < 0.05). 

 

4.3 Measurement model assessment in PLS-SEM 

This study follows the two-step method for the structural model assessment in PLS-

SEM described by Sarstedt and Cheah (2019), Hair et al. (2017) and Chin (2010). First, the 

researchers examined the measurement models by assessing the indicator and construct 

reliabilities, convergent validity and discriminant validity (Chin, 2010; Hair et al., 2017; 

Sarstedt & Cheah, 2019). The measurement model assessment results are summarized in Table 

6.  From Table 6, it can be discerned that all measurement items in this study satisfied the 

requirements for internal consistency reliability and convergent validity, in which the loading 

and the composite reliability coefficient (CR) exceeded the minimum value of 0.70, and the 

average variance extracted (AVE) were above 0.50 (Chin, 2010; Hair et al., 2017, 2011). 

 

Table 6: Assessment results of the measurement model 

 CONSTRUCT ASSOCIATED ITEMS LOADING CR AVE 

Atmosphere  0.961 0.804 

ATM1 Cosy – Not cosy 0.854   



ATM2 Pleasant – Unpleasant 0.888   

ATM3 Inviting – Uninviting 0.922   

ATM4 Interesting – Boring 0.907   

ATM5 Varied – Monotonous 0.918   

ATM6 Impressive - Meaningless 0.889   

Pleasure   0.940 0.838 

PLE1 Happy – Unhappy 0.933   

PLE2 Entertained – Bored 0.912   

PLE3 Pleased – Annoyed 0.902   

Arousal   0.920 0.793 

ARO1 Enthusiastic – Calm 0.935   

ARO2 Stimulated – Relaxed 0.915   

ARO3 Surprised – Relaxed 0.817   

Purchase Intention   0.964 0.899 

PUR1 After viewing this house, I become interested in 

purchasing a house like this in the future. 

0.955   

PUR2 From this viewing experience, I have a desire to 

own a house like this. 

0.960   

PUR3 If I am going to purchase a house over the next 

few years, I would consider a house like this. 

0.930   

 

Furthermore, the discriminant validity of the measurement model was assessed using 

Fornell and Larcker (1981) criterion in which the indicators should load more strongly on their 

own constructs than other constructs in the model, and the AVE shared between each construct 

and its measures should be greater than the variance shared between the construct and other 

constructs. Table 7 indicates that all the square root of AVE is greater than the correlations for 

all reflective constructs. Thus, the measurement model demonstrated that discriminant validity 

has been established. 

 

Table 7: Discriminant validity using Fornell and Larcker (1981) criterion.  
ATM PLE ARO PUR 

ATM 0.897*    

PLE 0.874 0.916*   

ARO 0.840 0.888 0.891*  

PUR 0.633 0.576 0.444 0.948* 

 

Note: The diagonal elements (in bold) represent the square root of the AVE, while the off-diagonals 

represent the correlations among constructs. * Indicates that discriminant validity has been established. 

 

4.4 Structural model assessment in PLS-SEM 

The second step involves analysis of the structural model that emphasised on the 

significance and relevance of the path coefficients (β), the model’s explanatory power or 

coefficient of determination (R2), effect size (f2) and the model’s predictive relevance (Q2). 

Table 8 summarizes the results of path coefficient assessment using the bootstrap procedure in 

PLS-SEM.  

 

 

 

 

 



Table 8: Results of the hypothesis test in PLS-SEM. 

Relationships Std beta (β) Std dev T statistics P - value 
Hypothesis 

supported 

H1 ATM  PLE 0.875 0.043 20.247 0.000 Yes 

H2 ATM  ARO 0.841 0.064 13.084 0.000 Yes 

H3 PLE  PUR 0.857 0.211 4.072 0.000 Yes 

H4 ARO  PUR -0.318 0.254 1.250 0.106 No 

 

Results in Table 8 indicates that the proposed relationships are all significant with p < 

0.05 except H4, in which arousal emotion were found to have no significant effect on house 

purchase intention in the virtual environment. Figure 4 illustrates the results of the structural 

assessment of the hypothesized model.  

 

Figure 5: Structural model assessment results.  

 

Coefficient of determination (R2), effect size (f2) and predictive relevance (Q2) were 

assessed next and summarized in Table 9. As a rule of thumb, the R2 values of 0.75, 0.50, or 

0.23 for endogenous latent variables can be respectively interpreted as substantial, moderate, 

or weak (Hair et al., 2011). The results suggest that atmosphere accounted for 76.6% of the 

variance in explaining pleasure emotion and 70.7% of variance in arousal emotion. Meanwhile, 

pleasure, and arousal explained 35.2 % of variances in purchase intention.  

 

Atmosphere 

Pleasure 

House 

Purchase 

Intention 

Arousal 

STIMULUS (S) ORGANISM (O) RESPONSE (R) 

H1 

H2 

H3 

(β= 0.468) ** 

 

H4 

(β= -0.263)  

 

(β= 0.875) ** 

(β= 0.841) ** 

 



To interpret the effect size at the structural level, this study follows the guideline by 

Cohen (1988), whereby the values of 0.02 represents a small effect size, 0.15 represents a 

medium effect size, and 0.35 represents a large effect size. From Table 9, it can be observed 

that atmosphere has a substantial effect in producing R2 for pleasure (f 2 = 3.270) and arousal 

(f 2 = 2.415). Consequently, in terms of purchase intention, pleasure (f 2 = 0.240) and arousal (f 
2 = 0.033) showed a small effect size in producing R2 for purchase intention. Finally, the 

predictive relevance of the model was evaluated using the Stone-Geisser (Q2) value (Hair et 

al., 2017). The Q2 values for pleasure (0.586), arousal (0.518) and purchase intention (0.440) 

were larger than 0, thus indicating the model’s predictive relevance and validity (Hair et al., 

2011). 

Table 9: Coefficient of determination, effect size and predictive relevance. 

Relationships 

Coefficient of 

determination 

(R2) 

Effect size 

(f 2) 

Predictive 

relevance (Q2) 

ATM  PLE 0.766 3.270 0.586 

ATM  ARO 0.707 2.415 0.518 

PLE  PUR 
0.352 

0.240 
0.440 

ARO  PUR 0.033 

 

 

4.5 Virtual Presence Questionnaire analysis 

Table 10 illustrated that participant were relatively focused (M = 5.75, SD = 0.968) 

during the experiment. The participants also indicated that the virtual environment was 

moderately realistic (M = 4.95, SD = 1.65). However, participants reported a lower rating on 

the usefulness (M = 4.83, SD = 1.56) and ability to make decisions (M = 4.13, SD = 1.75) using 

the application of VR in the home-buying process. Hence, it can be it can be discerned that the 

participants’ experience in the virtual environment are moderately natural, which results to a 

moderate level of immersion and presence. The researchers believes that a greater degree of 

immersion and presence is detracted due to the lack of sense of touch in the virtual environment 

as commented by the participants in the qualitative questions.  

 

Table 10: Mean and SD for the quantitative questions in the Virtual Presence Questionnaire 

Question Mean (SD) 

1. “How physically fit do you feel today?” 
6.27 (0.73) 

2. “How good are you at blocking out external distractions when you are 

involved in something?” 5.75 (0.97) 

3. “Are you easily disturbed or distracted when working on tasks?” 
3.87 (1.75) 

4. “Did you get bored with the VR model during the viewing 

experience?” 5.80 (1.61) 

5. “Did the surfaces such as walls, floors, and furniture look real in the 

VR model when you view it?” 4.95 (1.65) 



6. “Could you orient yourself in the internal environment during the VR 

experience?” 5.43 (1.53) 

7. “How much did your experiences in the virtual environment seem 

consistent with your real-world experience?” 4.95 (1.64) 

8. “How realistic was your sense of movement around in the virtual 

environment?” 4.60 (1.59) 

9. “How difficult was it to understand the characteristics of the house in 

VR?” 3.25 (1.72) 

10. “Comparing the house in the virtual environment and the physical 

environment, how similar do you feel these two environments were?” 5.08 (1.45) 

11. “Did you feel that the Virtual Reality (VR) model lacked information 

for you to understand the interior of the house?” 
Yes = 55% 

No = 45% 

12. “To what extent do you feel that the internal environment in the VR 

model has given you an understanding of what the future house is 

going to look like?” 

5.27 (1.34) 

13. “Would you be able to make decisions to choose a house to purchase 

using the VR model as a base? (Please assume that the price and 

location is already suitable)” 

4.13 (1.75) 

14. “How useful do you think is the application of VR in a home-buying 

process?” 4.83 (1.56) 

15. “How likely are you to select a property developer that marketed their 

housing project using VR compared to a property developer that did 

not? (Assume that the property developers are the same in every other 

way)” 

4.78 (1.47) 

16. “Have you tried on any VR technology like this to view a house 

marketed by any property developer?” 
Yes = 3.3% 

No = 96.7% 

17. “Do you feel any discomfort or dizziness after viewing the house in 

VR?” 
Yes = 21.7% 

No = 78.3% 

 

During the experiment, participants were invited to comment on two open-ended 

questions in the Virtual Presence Questionnaire. The first question invited the participants to 

comment on the kind of information that they think is lacking from the VR model; while the 

second open-ended question invited them to provide suggestions regarding the application of 

VR for residential real estate marketing. However, only around half of the participants (55%) 

provided their comments on these questions and their comments were brief. Important 

comments from the participants can be found in Table 11. Most participants commented that 

one of the limitations of the virtual environment is that it does not allow them to feel or touch 

the materials inside the house. The participants regard that the sense of touch is important 

before making purchase decisions. The participants also commented on the lack of realism in 

terms of how they navigate or walk inside the virtual environment as the VR device were 

attached to wires. 

 

Table 11: Key Insights from Participants for the Open-Ended Questions 

1. Participants’ insights about the type of information lacking in the VR Model. 

 I want to really feel the house to make sense of it in terms of touch and smell; I am not sure 

how that can be achieved virtually. 

 I cannot imagine the quality of materials in the VR model.  

 I cannot estimate the size and dimension of space inside the virtual environment.  



 Lack of detailing in the VR model. 

 I cannot feel the element of wind to make sense of the open space concept of the house. I 

only realised that the house has an open concept after viewing the actual show unit. 

2. Participants’ insights about the application of VR for residential real estate 

marketing. 

 Adding capability to vary household content so that it may suit different individuals 

(worker, students, family, big family), and having multiple household arrangement settings 

for the same house layout.  

 I think a lacking feature of the VR technology is that I cannot estimate the size of the 

house. 

 I personally would want to view the real house and ‘feel’ it before making a purchase 

decision. 

 I would expect to see the image in VR to be as close as the image seen in real life.  

 I personally prefer the physical house viewing as it will provide more information that I 

need and easier for me to comprehend.  

 I would suggest a bigger space for people can walk freely while using the VR equipment. 

 I would suggest including measurement in the VR model for potential homebuyers to 

realise the size of the house. 

 The technology cannot replace the experience of a real house viewing, but it might be able 

to boost up the interest in buyer. The application of VR alone might not work. 

 It is suggested to include interactive information such as measurement (height and width) 

and colour options for walls. 

 Physical show unit is more satisfactory as there is physical touch. The feeling of walking 

inside the house is not similar as in VR.  

 

In response to the finding, the study found most participants had commented that one 

of the limitations of the virtual environment is that it does not allow them to feel or touch the 

materials inside the house. In lieu of this outcome, the researchers argue that the limitation in 

sense of touch in the virtual environment affected their sense of immersion and presence 

including their ratings for the atmospheric evaluations, perceived usefulness, perceived ease of 

use, and satisfaction in the virtual environment. Additionally, the participants also commented 

on the lack of realism in terms of how they navigate or walk inside the virtual environment as 

the VR device were attached to wires, as can be seen in Figure 6.  



Figure 6: Examples of participants’ restricted movements while using the HTC Vive

 

Source: First author. 

 

In lieu of this, the authors recognized the limitations of the VR device used in this study, 

which requires cables attached to the HMD that limits participants’ movements; hence 

affecting the level of realism in the virtual environment. This observation is supported by 

Witmer and Singer (1998) in which natural interaction with the surroundings should increase 

immersion and presence. However, since the participants’ interactions within the virtual 

environment in this study is considered not natural, the sense of immersion and presence is 

diminished.  

Apart from that, most of the participants also opined that they were unable to sense the 

feeling of space or estimate the dimensions or size of the house that they view in the virtual 

environment. This finding was in contrast with past literature that the virtual environment is 

efficient in representing spatial information (Paes et al., 2017). This could be explained from 

the background of participants in this study, that were not trained professionals in built 

environment to estimate the spatial dimensions. Paes et al. (2017) however, recruited trained 

professionals as well as architecture students to test spatial dimensions in VR. Therefore, the 

findings in this study are important for arguing that VR is not effective among untrained 

professionals to sense the spatial dimensions of the spaces in the virtual environment.  

 

Conclusion  

The results presented in this study showed that the atmospheric evaluations 

demonstrated a significant difference (p = 0.000 < 0.05) between the real environment and the 

virtual environment (MRE = 6.06, SDRE = 0.75; MVE = 5.51, SDVE = 1.24); t (59) = 3.80, p < 

0.05, d = 0.49. The PLS-SEM results revealed that atmosphere has a significant positive effect 

on pleasure (β = 0.875, t = 20.25, p < 0.05) and arousal emotion (β = 0.841, t = 13.08, p < 0.05), 

and pleasure have a significant positive effect on the purchase intention (β = 0.857, t = 4.07, p 

< 0.05). The significant effect of atmosphere towards pleasure and arousal emotion, and the 

significant effect of pleasure towards purchase intention suggested the importance of the level 



of experiential realism in the virtual environment to allow for atmospheric evaluation of the 

house to evoke pleasure emotion, hence influencing their purchase intention.  

Since many participants commented to be missing and causes dissatisfaction while they 

experience the house in the virtual environment, this study is proposing to property developers 

who intends on using VR as part of the marketing strategy to incorporate other human senses 

within the virtual environment. Among the human senses is the sense of touch. It is fortunately 

that haptic technologies (such as developed by leading technology developers such as Teslasuit 

® and Haptx ®) are available today which allow the sense of touch to be integrated with the 

VR system. This study proposes further studies to incorporate haptics gloves as part of the 

experiment.  

 

This study also argues that as visualization plays a crucial part in potential homebuyers 

viewing their future home investment, it is imperative that the designer or the property 

developer could stage the house in the virtual environment with key elements incorporated. 

Among them such as the good interior design, furnishing and lighting to develop emotional 

values of the house among potential homebuyers. They would enable better stimulation of the 

pleasure emotion hence would influence their purchase intention. As VR mainly allows for 

visual interactions between the user and the environment, the sensory qualities other than sight 

were lacking. The results presented in this paper allow the researchers to recommend on the 

aspects of enhancing application of VR with haptics technology to allow for sense of touch. 

 

Furthermore, this study generates new knowledge in the literature regarding the role of 

arousal emotion towards purchase intention in the real estate context. Results from this study 

revealed that the arousal emotion, which was proven extensively to have an influence towards 

purchase intention in the retail and marketing literature, has no significant effect on house 

purchase intention in the virtual environment.  

 

In addition, this study extends the applicability of the widely-used theory in the 

environmental psychology field, which is the S-O-R framework into the virtual environment 

research. Furthermore, this study was also parallel with current new research that applied the 

S-O-R framework to study consumer behaviour in digital marketing, online stores and online 

purchase behaviour during the Covid 19 pandemic. The findings in this study provides pathway 

for a new and important research field towards the Industrial Revolution 4.0, focusing on digital 

visualisation technology, smart environment, and emotion-driven innovation. The findings in 

this study are also expected to provide a new paradigm for researchers, residential real estate 

developers as well as building designers to tackle a new marketing strategy using VR 

technology. Future studies are recommended to use higher resolution VR device with sharper 

graphics or using haptics technology such as HaptX ® Gloves to enable users to touch and feel 

textures inside the virtual environment.  
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