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ABSTRACT

The home interface of Virtual Reality (VR) human-computer interaction system deter-
mines the consumer’s first impression of VR, and it is also the core interface for users
to perceive and understand the functional distribution and composition of the entire
VR system. However, the current VR home interface design ignores the importance of
users’ perceptual needs and preferences. This paper attempts to study the relationship
between perceptual preferences and design elements in the VR home interfaces by
Kansei Engineering. Through the semantic evaluation of the home interface of thirty
mainstream HMDs, we analyzed and found that the layout, icon style and the num-
ber of cards are the factors that affect perceptual preferences the most. Subsequently,
we conducted an experiment on the relationship between these interface design ele-
ments and perceptual preferences. Based on the experiment results, it is validated
that these interface design elements have varying effects on perception: the icon style
has the greatest impact on “future” perception, the interface layout has the greatest
impact on “comfort” perception, and the number of cards has the greatest impact on
“immersion” perception.

Keywords: Virtual reality, User interface, Perceptual preference, Kansei engineering, User
experience

INTRODUCTION

With the rise of the metaverse, research on the user experience of
human-computer interaction interface in Virtual Reality (VR) has attracted
widespread attention. Compared with traditional display methods, the big-
gest difference of VR is that it breaks the limitation of screen boundaries and
brings an immersive perspective for users to experience the virtual world as if
they were living in the real world. In the VR interactive system, the VR home
interface is the beginning of the user’s experience of VR human-computer
interaction. It is also the core interface for users to perceive and understand
the function distributional and composition of the entire VR system. When
the user puts on the VR HMD and turns on the system, the home interface
determines the consumer’s first impression of VR, which is very important
for users to maintain their enthusiasm for continue using VR. However, the
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current VR home interface design ignores the importance of users’ perceptual
needs and preferences, and there are even some conflicts between the visual
presentation forms of the home interface and the user’s perception, which
not only reduces the attraction of the VR system but also negatively affects
user experience. Therefore, we propose that it is very important to have a VR
home interface that matches the users’ emotions and perceptions in order to
obtain a good user experience.

Among all the senses, vision is the most important part of perception, pro-
viding more than 50% of perception (Cuban, 2003; Shabiralyani et al. 2015;
Humphreys, 2021). People’s perception of an object could make them feel
emotional, which is regarded as a subjective process (Lee et al. 2002) and is
called “Kansei” in oriental culture. In the field of design research, the idea that
incorporating users’ perceptual preferences into design can better improve the
user experience is not new. Kansei engineering (KE) is a scientific approach to
understand the user’s perception of objects by measuring the semantics and
integrating human sensibility into the design, to better optimize the design
to meet various user needs such as user-friendliness, manufacturability, and
ecological considerations (Nagamachi, 2004). Nowadays, KE is not only used
to direct the design of industrial products but also widely used in the field
of Human-Computer Interaction (HCI). Many scholars have made valuable
research to explore the relationship between design and emotion, especially
interface design. For example, an interface that matches the user’s emotions
and perceptions can keep the user from getting frustrated when adapting to
the interface, and in some cases evokes positive emotions in the user (Hou
et al. 2011). Kim et al. (2003) identified quantitative relationships between
key design factors and generic dimensions of secondary emotions in web-
site homepage design through Kansei Engineering so that they could develop
homepages that target emotions more effectively. Fu et al. (2020) organi-
zed design elements in VR scene design and provided evaluation methods
for evaluating the design process. In the past, the focus of VR research and
development has been almost concentrated on scene and interaction design
(Cai et al. 2017; Barbieri et al. 2018; Radianti et al. 2020), and the impacts
of Kansei Engineering on VR home interface has not been verified in detail.
It is important to introduce KE into VR home interface design to establish
the correspondence between interface design elements and semantic words
to better guide the design. Meanwhile, quantifying the relationship between
perceptual preferences and design elements in VR home interface is also an
important part of the user experience research. In this paper, we investiga-
ted the design elements of the VR home interface from the perspective of
the designer’s intention and the users’ expectations, and proposed a map-
ping relationship between the visual presentation form of the elements of
the VR home interface and the user’s perception based on the experiment
results.

Semantic Evaluation

This study adopted Kansei Engineering Type 1 (KEPack) (Nagamachi, 1995)
and users are required to use a series of adjectives (Kansei Words) to describe
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their unique feelings about the VR home interface (Schiitte et al., 2004).
Firstly, we collected the Kansei Words via consulting e-commerce platform
evaluation, real machine experience, user interviews, etc. Forty-six Kansei
Words describing VR home interfaces have been sorted out and summari-
zed. Then, we collected and sorted out thirty home interface samples of the
mainstream VR HMDs. Five designers with 3 years of Ul design experie-
nce and VR experience were invited to use KJ method to eliminate words
with high similarity or inapplicable to evaluate the interface. Fifteen Kansei
Words suitable for the evaluation of the VR home interface were then filte-
red out: “three-dimensional (3D)”, “future”, “dreamy”, “novel”, “florid”,
“immersive”, “focused”, “cozy”, “attractive”, “soft”, “succinct”, “warm”,
“dynamic”, “tired”, “broad”.

Thirty Participants with experience of using VR were recruited in the
Kansei Words scoring. They were asked to watch a 1-minute video about
the VR home interface samples and then measure the impression of the
VRhome interface on a 9 points Likert scale, where one point represents
“very disagree” and nine points represent “very agree”.

After obtaining the scores of Kansei words, cluster analysis (Tanoue et al.
1997; Nagamachi, 2004) was applied to reveal the connections between
the words and allow for the selection of representatives for each cluster
(see Figure 1). The dendrogram reported that those Kansei Words can be
divided into three clusters. The first cluster includes “three dimensional”,
“dreamy”, “future” and “novel”, which point to the character of a new thing,
namely “future”. The second cluster includes “attractive”, “tired”, “soft”,

“succinct”, “warm” and “dynamic”, which mainly describe the user’s feeling
of comfortability, namely “comfortable”. The third cluster includes “florid”,
“immersive”, “cozy”, “focused” and “broad”, which point to the user’s
visual perception and concentration when using VR HMD, namely “immer-
sive”. Based on the results, the three most representative Kansei Words were
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Figure 1: The dendrogram from cluster analysis, which describe the correlation
between kansei words visually.
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obtained: “future”, “comfortable” and “immersive”). However, the relation-
ship between users’ perceptual preferences and design elements in VR home
interfaces needs to be further investigated.

The content of a typical VR home interface contains a series of card
portals with different icons to represent the various system functions and
information. Based on the relevant research, typically interface elements that
have a great impact on user perception include layout (Altaboli and Lin,
2011; Deng and Wang, 2020), icons (Reinecke et al. 2013; Burmistrov et al.
2015), background (Gong et al., 2017; Kim et al.,2019; Nissen and Riedi,
2021), and the number of interface elements (Jin Tao et al. 2021). During
the design process, the different layout forms, icon styles, number of cards,
card background color, and the 3D background in the VR home interface
seem to give different emotional impressions to users. Whether these diffe-
rent design elements in VR home interfaces have different effects on users’
perceptual preferences remains to be further explored through experiments.
Considering that it is difficult to standardize the 3D background in VR, which
may affect users’ visual perception (Figueroa et al., 2017), this study will
not analyze this element. Therefore, we conducted an experiment focused
on the relationship between users’ perceptual preferences and the four VR
interface design elements: layout form, icon style, number of cards, and card
background color.

EXPERIMENT
Participants

Twenty-six participants (11 males and 15 females) from Nanjing Forestry
University participated in the experiment and received a payment (5 RMB)
for their participation. They had normal vision or corrected-to-normal vision,
no color blindness, and no cognitive or behavioral disorders. All participants
had experience of using VR HMD.

Design and Materials

This experiment used a 3 (layout form) x 2 (icon style) x 3 (number of inter-
face cards) x 2 (card background color) full factorial design (see Table 1).
The layout form consisted of the three most typical types of VR home inter-
face: stretch, grid, and gallery, labeled as A1, A2, A3, and A4 respectively.
In stretched type, the cards with contents are displayed from left to right.
In grid type, the cards are displayed in equally spaced arrays on a grid of
equal size. In gallery type, the cards are displayed from top to bottom, the
top cards are larger and the bottom cards are smaller. The icon style con-
sisted of two types: 2D flat icons and 3D neumoriphism icons, labeled as
B1 and B2 respectively. The 3D neumoriphism icons were downloaded from
the open-source website (https://3dicons.co) and redesigned through Blen-
der and Photoshop. To avoid the interference of semantic differences, the
semantics of the different icons in the two styles are identical. The number
of cards consisted of three levels: 6 cards, 9-10 cards, and 15-16 cards as
the number level of the card to adapt to different interface layouts, labeled as
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Table 1. Examples of the ten sub-factors design types (A1, A2, ...,
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C1, C2, and C3 respectively. The card background color consisted of two
types chosen from Google (https://developers.google.com/vr/design/sticker-
sheet): light mode (Hex value is #EEEEEE) and dark mode (Hex value is
#212121), labeled as D1 and D2 respectively. To eliminate the interference
of other colors to the participant’s perception, all the material colors were
black, white, or gray. The environment color of VR was medium gray (Hex
value is #818181).

The experiment program, with a total of thirty-six VR home interface
samples, was developed by Unity 3D and ran on Meta Quest 2. The screen
resolution of the HMD was 1832 x 1920 pixels per eye, while the FOV was
97° and the refresh rate was 90 Hz.

Procedure

Participants were instructed to wear a Meta Quest 2 VR HMD in a seated
position for the experiment and adjust the pupil distance of the VR HMD to
ensure the VR picture was clear and visible (see Figure 2).

Thirty-six VR home interface samples were randomly divided into two
rounds with 18 trials in each round. There was a 3-minutes break between
the two rounds to prevent visual fatigue. In the experiment, subjects were
required to view each VR home interface sample and then rate the degree of
association between the current interface and the three representative Kansei
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Figure 2: An example of thirty-six VR home interface samples, experimental scenario
and experimental procedure.

Words based on their subjective perceptions through a 5-point Likert scale on
their virtual left hand. Before the formal experiment, subjects were required
to complete a 3-rounds pre-experiment to familiarize themselves with the
experimental procedures and task procedures. The entire experiment lasted
approximately 20 minutes.

RESULTS

All the sub-factors design types in thirty-six VR home interface samples were
coded based on Quantitative Theory I (Tanoue et al. 1997; Chen et al. 2009;
Jiang et al. 2021), and the sub-factors design types of the four VR interface
elements were marked as “1” or “0” according to their design type “Adopted”
or “Not Adopted” respectively. For example, if sub-factors design types of the
layout form in sample 1 adopted “flat design”, not “grid type” or “gallery
type”, then the code of “flat design” was labeled as “1”, and both the code
of “grid type” and “gallery type” were labeled as “0”.

Given that the more the number of candidate prediction variables, the
more the number of noise variables will be included in the model. The corre-
lation between candidate prediction variables will affect the frequency of real
prediction variables entering the model. To avoid the problem of multicolli-
nearity between the ten sub-factors design types (A1, A2, ..., D2), a one-way
analysis of variance (ANOVA) on the three Kansei Words with the ten inde-
pendent variables was conducted. Meanwhile, related scholars point out that
using a lenient p-value would keep the really important predictor variables
in the model (Steyerberg et al. 2001; Babyak, 2004), we moderately adjusted
the p-value of significance to 0.3 ( * represents p < 0.3). Table 2 shows the
p-value results of one-way analysis of variance on the three Kansei Words
with the ten independent variables.

Subsequently, we analyzed the relationship between perceptual preferences
and the four VR interface design elements by building the multiple regression
model (1) (Matsubara and Nagamachi, 1997; Schiitte et al. 2004). Significant
sub-factor design types (A1, A2, ..., D2) were taken as independent variables.



118 Zeng et al.

Table 2. The results of one-way ANOVA of the ten sub-factors design types.

Kansei Words A1 A2 A3 B1 B2 C1 C2 C3 D1 D2

Future 0.001* 0.000* 0.814 0.003* 0.003* 0.412 0.658 0.720 0.090* 0.090*
Comfortable 0.001* 0.000* 0.064* 0.236* 0.236* 0.390 0.599 0.162* 0.653 0.653
Immersive ~ 0.024* 0.002* 0.497 0.404 0.404 0.006* 0.322 0.000" 0.153* 0.153*

The means of perceptual preference were taken as the dependent variable Y,
and the weight coefficients of the independent variable (ba1, ba2, ..., bp2)
were taken as the regression coefficient.

Yperceptual preference = 7t ba1Al 4 bsrA2 4 by3A3 + bp1B1 + by B2

+ bc1Cl4+ b C2+ be3C3 4+ bp1D1 + bpyD2 (1)

The results of the multiple regression analysis for three representative
Kansei Words are shown in Table 3. The multiple collinearity test of the
model shows that VIF is less than §, such that there was no collinearity
problem and no correlation between interface elements.

The regression models (2) (3) (4) are as follows The regression result

shows that the R2 of “future”, “comfortable” and “immersive” models were
74.71%, 79.50% and 73.13% respectively. Figure 3 shows that the residu-
als were normally distributed, indicating that the regression models were
reasonable.

Yiuure = 0.1432+40.2276 A1-0.2821 A2+0.3056 B1—0.1816 D1 (2)

Yeomfortable = 0.551840.1026 A1—0.5769 A2+0.1453 B1-0.1811 C3  (3)

Yimmersive = 0.5342+0.1250 A1—0.2949 A2+0.1346 C1-0.3814 C3  (4)
—0.1667 D1

Table 3. The analysis results of multiple regression of three kansei words.

Kansei Words Term Coef t-value p-value VIF
Future Constant 0.1432 2.24 0.033 -
Stretch type (A1) 0.2276 3.25 0.003 1.33
Grid type (A2) -0.2821 —4.02 0.000 1.33
Flat design (B1) 0.3056 5.34 0.000 1.00
Light color (D1) —0.1816 -3.17 0.003 1.00
Comfortable Constant 0.5518 8.93 0.000 -
Stretch type (A1) 0.1026 1.44 0.161 1.33
Grid type (A2) -0.5769 —8.09 0.000 1.33
Flat design (B1) 0.1453 2.49 0.018 1.00
15-16 cards (C3) —0.1811 -2.93 0.006 1.00
Immersive Constant 0.5342 6.73 0.000 -
Stretch type (A1) 0.1250 1.58 0.126 1.33
Grid type (A2) —0.2949 —-3.72 0.001 1.33
6 cards (C1) 0.1346 1.70 0.100 1.33
15-16 cards (C3) -0.3814 —4.81 0.000 1.33

Light color (D1) —0.1667 —2.57 0.015 1.00
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Figure 3: Normal probability plot of three representative kansei words.

DISCUSSION

It has long been known that user perception and experience in VR interactive
systems are important, but most research has focused on the spatial properties
of VR interfaces. As the core interface for users to perceive and understand
the function distribution and composition of the entire VR system, the VR
home interface determines the most important first impression of VR for
consumers. Here, our results demonstrate that the different layout forms,
icon styles, number of cards, card background color in the VR home interface
do give different emotional impressions to users.

In the collection of Kansei Words, three representative Kansei words were
selected “future”, “comfortable” and “immersive” according to user interface
studies and cluster analysis. Based on these, we summarized the characte-
ristics of the VR home interface and extracted the visual coding rules of
the typical elements, conducting an experiment to further explore the dif-
ferent effects of these different design elements of the VR home interface on
users’ perceptual preferences. Specifically, the icon style, layout form, and
card background color of the VR home interface influenced the “future”
perception, while the change in the number of cards was not related to this
perception. On the “comfort” perception, the number of cards, icon style,
and layout form influenced users’ preferences, while card background color
had no effect on them. On the “immersive” perception, the number of cards,
layout form, and card background color played important roles, while icon
style did not affect this perception. Based on the regression coefficients, we
found evidence that “future” perception was most influenced by the icon
style, i.e., 2D flat design icons make users feel very futuristic, but light color
card background and grid type layout are negative for “future” perception.
Conversely, the “comfort” perception was most influenced by the interface
layout, i.e., the crowding grid type makes users feel narrow. The “immersion”
perception was most influenced by the number of cards, i.e., fewer cards
(6 cards) in the VR home interface were good for giving users immersion,
while too many cards (15-16 cards) hindered the comfort and immersion.
One explanation for the difference in the effects of the number of cards in
the VR home interface is the complexity, as high-complexity stimuli are har-
der to process, remember, and reproduce than low-complexity stimuli when
their familiarity is consistent (Zhang et al., 2020). In other words, the more
cards there were in the VR home interface, the more information the interface
contains, the higher the complexity of the interface becomes, and the user’s
perception was affected accordingly.
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In addition, this experiment provided evidence that layout form has the
most extensive impact on users’ perception, which means that the layout
form of the VR home interface plays a leading role in the user’s perception.
In the discussion section with the participants at the end of the experiment,
we learned that about 70% of the participants disliked the grid type layout
because they found these crowding cards with the same size to be more com-
mon and difficult to get them excited. Therefore, if designers want users to
become energized when starting their VR experience, they should avoid using
the grid type layout in the VR home interface.

CONCLUSION

In summary, the contributions of our research are reporting experience and
insight into the problems encountered in how to enhance the users’ perceptual
experience by optimizing the design elements of the VR home interface. The
current study provides evidence that the layout, icon style, and the number
of cards in the VR home interface component were the most important ele-
ments that affect the users’ potential perception, and these interface design
elements have varying effects on user perception preferences: the icon style
has the greatest impact on “future” perception, the interface layout has the
greatest impact on “comfort” perception, and the number of cards has the
greatest impact on “immersion” perception. Moreover, the results support
the argument that incorporating users’ perceptual preferences by Kansei eva-
luation into the design elements in the VR home interface can better improve
the user experience to meet different users’ needs. Therefore, VR designers
can diversify these design elements and sub-factors in the VR home interface
according to different user emotional needs when designing. The research
results can provide some reference for the design of the VR home interfaces
in line with users’ perceptual needs and help improve the efficiency of VR
home interface design.
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