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INTRODUCTION 

Background and Objective 

We live a digital life. Unlike the prior analog life, our digital 

life represented by the internet and smartphones accelerates 

and simplifies the way we work and handle things. Arguably, 

we are getting on a path called Industry 4.0, or the Fourth 

Industrial Revolution. Following the 18th-century First 

Industrial Revolution driven by the invention of the steam 

engine and mechanization, the Second Industrial Revolution 

in the early 20th century backed up by mass-production 

systems, and the 20th-century Third Industrial Revolution 

harnessing computers, mobile and the internet, the Fourth 

Industrial Revolution is now heralding a new round of 

industrialization hinging on the ICT(Information and 

Communication Technology) convergence.1 In particular, the 

virtual reality(VR) technology draws more attention than any 

other information and communication technologies, as 

evidenced by the world’s largest mobile expo, the MWC 

2016(Mobile World Congress 2016)and the CES 

2016(Consumer Electronics Show 2016), where VR 

technology came to the fore. 2  In the same vein, major 

companies like Google and Samsung have exerted efforts to 

develop VR technology. 

VR experiences require relevant hardware devices and 

software applications(apps). Around the world, various 

smartphone apps compatible with diverse VR devices are 

released. Thus, focused on VR technology, this paper sheds 

light on the trends of VR apps designed for interior space and 

analyze if the usability of VR apps varies with gender and age. 

 

Method and Scope 

As for the scope, we searched the keyword ‘VR, interior’ on 

Google Play Store(http://play.google.com) widely used by 

smartphone users. From the returned results, apps whose 

download counts met a preset level were selected and 

analyzed. The method of this study includes the following 

steps. First, we referred to the literature to define VR, and 

                                           
1 Min, J.(2016). Reality of Virtual Reality and Augmented reality, 

Communication Books, 1(1), 30 
2 Ibid, 17 

examined the trends of VR interior apps released. Second, we 

divided the factors of VR interior usability into hardware and 

software factors, which were in turn sub-classified into 

practicality, compatibility, operability, immersiveness and 

functionality. Third, we surveyed undergraduates and 

postgraduates majoring in interior architecture design in their 

20s to 30s. Fourth, the questionnaire survey results were 

analyzed with SPSS Statistics. 

 

THEORETICAL STUDY 

Definition of VR(Virtual Reality) 

Virtual Reality(VR) refers to a reality or technology that 

makes people take something not real for something real.3 In 

other words, VR is a new way of processing information and a 

computer-generated 3D virtual space where people interact 

with surroundings using their five senses, which enables them 

to experience things as they do in real world or to go through 

a situation that would otherwise be impossible in reality. That 

is, VR is a human-computer interface, through which 

computers generate certain settings or situations to make users 

feel as if they are interacting with their surroundings or 

settings. Events occurring in VR are virtually existent but not 

real.4 

 

Trends of VR Interior Apps 

Quite a few companies run VR-related business operations 

involving not just devices but also smartphone apps. As of 

August 2017, Google Play Store(http://play.google.com) 

returned 252 apps in total on the search request with the 

keywords ‘Virtual Reality’ or ‘VR’ apps. Game-related apps 

overwhelmingly outnumbered the other types of apps, which 

is hardly contestable given the nature of VR, whereas 23 

interior-related VR apps were found. We selected 9 interior 

apps whose download counts were 500 at least as shown in 

<Table 1>. 

                                           
3 Seo, K., Kim, J., Lee, J., Lee, S. and Choi, J. (2016). Virtual Reality World is 

Coming, Hans Media, 1(1), 3 
4 Jang, E. (2011). A Study on Cyber Exhibition Directing Technique Utilizing 
Virtual Reality, The Treatise on The Plastic Media, 14(1), 240 
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Table 1: Selected VR Interior Apps 

App Name Home Walker Interior 

Apartment VR 

Interior House 

Cardboard VR 

Planner 5D - Home & Interior 

Design Creator 

VR Home 

Images 

 

 

   

Company GazeMatic Jerry Hartono Bitware 

Technologies 

Planner 5D Holumino Ltd 

Download Counts 500 1,000 1,000 5M 10,000 

App Name VR Interior Home Planner for 

IKEA 

VR Home Design 

Simulator 

VR - Home Interior  

Images 

 

 
 

 

Company Smart2VR Planner 5D VR Apps And Games Mox Mind Game Studio 

Download Counts 10,000 500K 1,000 1,000 

 

Notably, the Planner 5D – Home & Interior Design Creator 

and the Home Planner for IKEA apps’ download counts added 

up to 5 million and 500K, respectively, outnumbering other 

interior apps, e.g. VR Home and VR Interior, each of which 

recorded approximately 10K downloads. We excluded the 

apps with 10K downloads, which we considered would not be 

sufficient. Thus, we included the apps whose download counts 

were 500K or more, i.e. Planner 5D – Home & Interior 

Design Creator and Home Planner for IKEA as our analysis 

targets. 

 

Literature Review and Analytical Framework 

In analyzing VR interior design apps, usability overrides any 

other factors from the perspective of users. To analytically 

review the literature on the usability of apps, we searched the 

keywords ‘app’ and ‘usability’ and gained the results as 

follows. 

Lee J. & Kim S. – They redefined the seven items of the 

Honeycomb model as usability, attractiveness, valuableness 

and accessibility, surveyed tourist apps, and suggested an 

improved prototype. 

Park S. & Lee D. – They used the Multivariate Probit Model 

to analyze the usability of apps, and subdivided the usability 

into playfulness and practicality based on the purposes of 

users. 

Yoon Y. – She classified the factors of app design into 

representation forms, background forms, forms + typography, 

colors and typography, surveyed the generation New Silver, 

and proposed a guideline for improving the usability. 

Park I. and Lee K. – They considered the manipulation factors 

of smartphone navigation apps and evaluated 9 proposed 

principles of usability, viz. efficiency, workload, hierarchy, 

clearly marked exits, feedbacks, prevent errors, operabiliity, 

reduced short term memory load and consistency. 

Sohn J. & Park Y. – They classified the measures of 

smartphone app service quality into usefulness, design, 

informativeness, mobility, reliability and empathy, and tested 

their hypotheses based on the survey results. 

Yang S. – He considered user-oriented convenience and 

usability and analyzed the usability of education apps in terms 

of content and UX. 

The foregoing literature suggests the usability of apps may be 

sub-classified in a range of ways in light of the attributes of 

apps, and vary with the factors of interest. 

This study was intended to analyze the usability of apps in 

view of hardware and software factors. As a rule, electronic 

equipment may be categorized into hardware and software 

aspects. We set up an analytical framework involving those 

two aspects and defined their sub-factors as shown in <Table 

2>. 

Table 2: Factors of Analytical Framework 

Usability Sub-factors Contents 

Hardware Factor  

(Physical aspect) 

Practicality Required specification and storage 

Compatibility Diversity of devices supported and errors 

Software Factor 

(Experiential aspect) 

Operability Easiness and simplicity of UI and its manipulation 

Immersiveness Immersion depending on completeness of VR space 

Functionality Diversity of functions available from apps 
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The hardware aspects refer to those relevant to the inter-

relationship between apps and devices. That is, the hardware 

features are physical and material attributes that ensure the 

seamless operation from installing to running apps on 

hardware devices. The software aspects refer to those relevant 

to the inter-relationship between users and apps. That is, the 

software features are felt by users while they use apps. 

 

We sub-classified the hardware factors of usability into 

practicality and compatibility, whilst the software factors into 

operability, immersiveness and functionality.  

Practicality involves such program-related attributes as the 

required storage for app installation and the specification of 

smartphones. Practicality is a measure for analyzing the 

storage space used by apps installed on smart devices and the 

required specification of smartphones. The higher the 

specification and the larger the required storage, the harder it 

is to use apps. 

Compatibility is a factor indicating how widely an app could 

be used, and measures the diversity of smartphones where an 

app could be installed and run seamlessly. 

Operability is a factor associated with the UI(User Interface) 

of apps from the perspective of users, and involves the 

visibility of UI and the extent to which furniture or space is 

easily manipulated. 

Immersiveness is a factor relevant to virtual space and used to 

evaluate the extent to which users are immersed relative to the 

completeness of virtual space implementation. Immersiveness 

is the factor most associated with space. 

Functionality is a factor relevant to whether an app’s 

functional features are diverse, and used to evaluate the 

diversity of contents such as the typology of furniture an app 

offers, and to distinguish whether such contents are directly 

manipulative or they are just visual features not supporting 

any direct manipulation. 

 

STUDY CONTENTS 

Overview of VR Interior Apps 

Selected for the analysis, Planner 5D – Home & Interior 

Design Creator and Home Planner for IKEA are outlined in 

<Table 3>. Both are produced by the same company. 

Both apps have comparable UI with a few differences. First, 

Planner 5D – Home & Interior Design Creator supports four 

default demo spaces and three 3D views, i.e. Flyover, 

Presentation and First Person. Users can manipulate each 

demo. Upon completion, the manipulated demos are 

automatically saved. The required storage is about 120mb. 

 

Table 3: Overview of VR Interior Apps 

Division Planner 5D - Home & Interior Design Creator Home Planner for IKEA 

Execution 

Screen 

 
 

Virtual Space 

Screen 

 
 

Detailed 

Contents 

Supports four default demo spaces and three 3D views, i.e. 

Flyover, Presentation and First Person. 

Manipulated demos are automatically saved. The required storage 

is about 120mb. 

Cannot select 3D views. 

Extra cost required for saving any 

manipulated space. 

The required storage is about 100mb. 
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Home Planner for IKEA supports one default demo space. 

Unlike the other app, it cannot select any 3D view. Its most 

notable difference from Planner 5D – Home & Interior Design 

Creator is the extra cost required for saving any manipulated 

space. The required storage is about 100mb. 

 

Questionnaire Survey on VR Interior Apps 

We surveyed interior design undergraduates and 

postgraduates in their 20s~30s to gather data for the analysis 

using the same questionnaire items we composed on both apps. 

We sub-classified the practicality into the required device 

specification and the storage space. The questionnaire asked 

the students to rate their satisfaction with the device 

specification and storage required on a 5-point Likert scale. 

We measured the compatibility with Yes-No question items 

on whether apps and devices supported each other. We 

measured the operability with the users’ adaptiveness to UI 

upon their running apps. We sub-classified the immersiveness 

into the completeness of virtual space implementation and the 

immersion, and measured the functionality in terms of the 

users’ satisfaction with apps’ functional features. The 

respondents were asked to rate the completeness of virtual 

space implementation, adaptiveness to interface, immersion 

and functionality of apps on a 5-point Likert scale, 

respectively. 

We analyzed the questionnaire results with SPSS in terms of 

means and standard deviation, and conducted t-tests to 

analyze the gender- and age-specific differences. 

 

Planner 5D – Home & Interior Design Creator 

99 students completed the questionnaire on Planner 5D – 

Home & Interior Design Creator. As for gender, females(n=70) 

outnumbered males(n=29). As for age, the respondents were 

in their 20s(n=87, 87.9%), and 30s(n=12, 12.1%). 

As for compatibility, 83(83.8%) out of 99 respondents were 

using the devices supporting both apps, whereas 16(16.2%) 

were not. Then, the latter experienced the apps on the devices 

supporting them and came back to complete the questionnaire. 

 

Table 4: Mean Value & Standard Deviation - Planner 5D - 

Home & Interior Design Creator 

Division Mean 

Value 

Standard 

Deviation 

Required Device Specification 3.85 .734 

Storage Space 3.56 .860 

Users' Adaptiveness to UI 3.66 .928 

Virtual Space Implementation 3.68 .754 

Immersion 3.62 .842 

Users' Satisfaction with Apps' 

Functional Features 

3.83 .770 

Based on the self-reported responses on 5-point Likert scales, 

we calculated the means and standard deviation as shown in 

Table 4. The required specification of devices averaged 3.85 

out of 5, indicating most respondents were satisfied with the 

required specs. The satisfaction with the apps’ functional 

features averaged 3.83, which was the second highest score 

after the satisfaction with the device specs, indicating the 

respondents were relatively satisfied with the functional 

aspects of those apps. The completeness of virtual space 

implementation scored 3.68, which was the third highest mean. 

The adaptiveness to interface averaged 3.66, followed by the 

immersion (3.62) and the required storage(3.56), which was 

the least high score. 

In the t-test of gender-specific differences in satisfaction, 

females’ ratings averaged higher than males’. Notably, the 

satisfaction with the functional features of both apps averaged 

3.91 in females, and 3.62 in males, which were highest among 

the four attributes. In contrast, the immersion and the 

adaptiveness to interface scored lowest in females(3.64) and 

males(3.45), respectively. The scores were not significant 

based on the significance probability. That is, gender showed 

no significant differences in the satisfaction with the app. 

Table 5: Gender-specific Differences in Satisfaction – Planner 

5D – Home& Interior Design Creator 

Division Gender-specific Differences in Satisfaction 

Male Female t-value p-value 

Mean 

Value 

Standard 

Deviation 

Mean 

Value 

Standard 

Deviation 

users’ 

adaptiveness to 

UI 

3.45 .870 3.74 .943 -1.446 .151 

completeness 

of virtual space 

implementation 

3.52 .688 3.74 .774 -1.362 .176 

immersion 3.55 .827 3.64 .852 -.488 .626 

satisfaction 

with apps’ 

functional 

features 

3.62 .820 3.91 .737 -1.745 .084 

*p<.05 **p<.01 ***p<.001 

 

<Table 6> shows the results found in the t-test of age-specific 

differences in satisfaction. Significant age-specific differences 

were found in the means of the adaptiveness to interface, the 

completeness of virtual space implementation, and the 

immersiveness. The satisfaction with the apps’ functional 

features scored relatively high in both age groups. Unlike 

gender, the age-specific satisfaction showed significant 

differences at a significance level of .05. First, the immersion 

showed the most significant difference between the age 

groups with a p-value of .019), followed by the adaptiveness 

to interface with a p-value of .022. The completeness of 

virtual space implementation scored a p-value of .036. The 

satisfaction with the apps’ functional features showed no 

significant difference. 
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Table 6: Age-specific Differences in Satisfaction - Planner 5D 

– Home& Interior Design Creator 

Division Age-specific Differences in Satisfaction 

20s 30s t-value p-

value 
Mean Value Standard 

Deviation 

Mean 

Value 

Standard 

Deviation 

users’ 

adaptiveness to 

UI 

3.74 .895 3.08 .996 2.335 .022* 

completeness 

of virtual space 

implementation 

3.74 .706 3.25 .965 2.130 .036* 

immersion 3.69 .797 3.08 .996 2.395 .019* 

satisfaction 

with apps’ 

functional 

features 

3.85 .755 3.67 .888 .774 .441 

*p<.05 **p<.01 ***p<.001 

 

Home Planner for IKEA 

93 students completed the questionnaire on Home Planner for 

IKEA. As for gender, females(n=59) outnumbered 

males(n=34). As for age groups, the respondents were in their 

20s(n=78, 83.9%) and 30s (n=15, 16.1%). 

As for compatibility, 79(84.9%) respondents were using 

devices supporting the apps, whereas 14(15.1%) were not. 

The latter experienced the apps on the devices supporting 

them before they completed the questionnaire. 

 

Table 7: Mean Value & Standard Deviation - Home Planner 

for IKEA 

Division Mean 

Value 

Standard 

Deviation 

Required Device Specification 3.55 .915 

Storage Space 3.54 .904 

Users' Adaptiveness to UI 3.49 .855 

Virtual Space Implementation 3.49 .802 

Immersion 3.47 .880 

Users' Satisfaction with Apps' 

Functional Features 

3.43 .877 

 

The frequency analysis found the means and standard 

deviation as shown in <Table 7>. The required specification 

of devices and storage averaged 3.55 and 3.54, respectively, 

indicating the respondents were relatively satisfied. 

The adaptiveness to interface and the completeness of virtual 

space implementation averaged 3.49, indicating a moderate 

level of satisfaction. The immersion averaged 3.47, followed 

by the lowest mean satisfaction with the apps’ functional 

features scoring 3.43. Overall, Home Planner for IKEA 

averaged lower than 5D – Home & Interior Design Creator. 

In the t-test of the gender-specific differences in satisfaction, 

females averaged higher than males. The highest satisfaction 

with the completeness of virtual space implementation in 

males averaged 3.41, whereas the highest satisfaction with the 

adaptiveness to interface in females averaged 3.58, 

respectively. By contrast, the least satisfaction with the apps’ 

functional features in males averaged 3.21, whilst the least 

satisfaction with the completeness of virtual space 

implementation in females averaged 3.54. Females showed 

negligible differences across the four attributes. In short, 

gender did not exert significant effects on the differences in 

satisfaction with the apps. 

 

Table 8: Gender-specific Differences in Satisfaction - Home 

Planner for IKEA 

Division Gender-specific Differences in Satisfaction 

Male Female t-

value 

p-

value 

Mean 

Value 

Standard 

Deviation 

Mean 

Value 

Standard 

Deviation 

users’ adaptiveness 

to UI 

3.35 .849 3.58 .855 -

1.216 

.227 

completeness of 

virtual space 

implementation 

3.41 .743 3.54 .837 -.754 .453 

immersion 3.29 .760 3.58 .932 -

1.500 

.137 

satisfaction with 

apps’ functional 

features 

3.21 .845 3.56 .876 -

1.898 

.061 

*p<.05 **p<.01 ***p<.001 

 

<Table 9> shows the t-test results of age-specific differences 

in satisfaction. All attributes scored 3.5 or higher in the 20s 

group, in comparison to the mean 3.0~3.1 in the 30s groups. 

The results showed significant differences in all attributes 

between the age groups. The difference in satisfaction 

between the age groups proved to be significant at a 

significance level of .05. The p-values of the completeness of 

virtual space implementation, the adaptiveness to interface 

and the satisfaction with the apps’ functional features 

scored .032, .034 and .037, respectively, showing a nearly 

even distribution. The p-value of .103 for immersion was less 

relevant. 
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Table 9: Age-specific Differences in Satisfaction - Home 

Planner for IKEA 

Division 

Age-specific Differences in Satisfaction 

20s 30s 
t-

value 

p-

value Mean 

Value 

Standard 

Deviation 

Mean 

Value 

Standard 

Deviation 

users’ 

adaptiveness to 

UI 

3.58 .814 3.07 .961 2.159 .034* 

completeness 

of virtual space 

implementation 

3.56 .815 3.13 .640 2.276 .032* 

immersion 3.54 .878 3.13 .834 1.649 .103 

satisfaction 

with apps’ 

functional 

features 

3.51 .849 3.00 .926 2.112 .037* 

 

CONCLUSION 

Based on the questionnaire survey on VR interior apps with 

undergraduate and postgraduate interior design students, we 

statistically analyzed two apps. Also, we performed the 

frequency analysis to calculate the means and standard 

deviation of each attribute, and the t-test to determine any 

differences in the attributes by gender and age. 

The findings highlight three conclusions. 

First, not many VR interior apps are available. With VR game 

apps dominating the market, it will take longer for VR interior 

apps to further penetrate the market. 

Second, females’ satisfaction with the apps outstrips that of 

males. The overall attributes of both apps averaged higher in 

females than males. The mean of each attribute was higher in 

Planner 5D – Home & Interior Design Creator than Home 

Planner for IKEA, which seems attributable to the extra cost 

of the latter. Meanwhile, the t-test proved the differences were 

not significant with p-values being >.05. 

Third, the satisfaction with the apps’ attributes varied with age. 

Planner 5D – Home & Interior Design Creator showed 

significant differences in the adaptiveness to interface, the 

completeness of virtual space implementation and the 

immersion, whereas Home Planner for IKEA showed 

significant differences in the adaptiveness to interface, the 

completeness of virtual space implementation and the 

satisfaction with the apps’ functional features. In terms of 

immersion, a slight difference was found by age. These 

findings suggest the satisfaction with the adaptation to 

interface, apps’ features, virtual space implementation and 

immersion decreases with age, which warrants the 

development of easy-to-use UI especially for older users. Also, 

the present findings are indicative of the need for technologies 

conducive to the diversification of apps’ functional features, 

the improvement of the completeness of virtual space 

implementation and the betterment of immersion. 

The limited scope of this study leaves much to be desired in 

terms of how to combine interior space with VR, whose 

applicability is extended to a wider range of fields. That said, 

the present findings will serve as some reference data for 

future development and improvement of VR interior apps. 
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