
Artificial Intelligence for
Engineering Design, Analysis
and Manufacturing

cambridge.org/aie

Research Article

*The author affiliations have been corrected
since original publication. A corrigendum
notice detailing the correction has also been
published: https://doi.org/10.1017/
S0890060420000244.

Cite this article: Liang C-C, Lee Y-H, Ho C-H,
Chen K-H (2020). Investigating vehicle interior
designs using models that evaluate user
sensory experience and perceived value.
Artificial Intelligence for Engineering Design,
Analysis and Manufacturing 34, 401–420.
https://doi.org/10.1017/S0890060419000246

Received: 3 August 2018
Revised: 21 July 2019
Accepted: 27 July 2019
First published online: 12 September 2019

Key words:
Automotive interior; Kansei engineering;
perceived value evaluation; sensory
experience

Author for correspondence:
Ya-Hsueh Lee, snow8708@stust.edu.tw

© Cambridge University Press 2019

Investigating vehicle interior designs using
models that evaluate user sensory experience
and perceived value

Ching-Chien Liang1,2 , Ya-Hsueh Lee3, Chun-Heng Ho1 and Kuo-Hsiang Chen4

1Department of Industrial Design, National Cheng Kung University, No.1, University Rd., Tainan 701, Taiwan (ROC);
2Department of Popular Music Industry, Southern Taiwan University of Science and Technology, No. 1, Nan-Tai
Street, Yongkang District, Tainan, Taiwan (ROC); 3Department of Visual Communication Design, Southern Taiwan
University of Science and Technology, No. 1, Nan-Tai Street, Yongkang District, Tainan, Taiwan (ROC) and 4School
of Art and Design, Fuzhou University of International Studies and Trade, No. 28, Yuhuan Road, Shouzhan New
District, Changle, Fuzhou City, Fujian Province, PR CHINA*

Abstract

This study adopted a Kansei engineering methodology to examine users’ Kansei values toward
automotive interior designs by conducting experiments under two models: sensory experience
and perceived value evaluation models. In the sensory experience model, 60 participants were
recruited to experience using 27 vehicle samples and to assign scores to eight Kansei key-
words. Hayashi’s quantification theory type 1 was used to calculate the weight of 12 interior
space items and 40 interior design categories. In the perceived value evaluation model, 60 par-
ticipants completed a questionnaire on the influence levels of the Kansei keywords on their
Kansei values from the perspectives of four consumer perceived value dimensions. The ques-
tionnaire scores were then evaluated using factor analysis to extract nine primary factors
affecting participants’ perceptions. This study determined that the interesting and dynamic
perceptions corresponded to five design items under the Excitement Quality factors, vigorous
and recreational perceptions corresponded to four items under the Relaxation and Comfort
factor, and technological and luxurious perceptions corresponded to six items under the
Luxury and Splendor factor and the Esteemed Image factor. These findings can help designers
and researchers in the relevant sectors create automotive interior designs that fulfill the expec-
tations of users.

Introduction

Design research informs and supports practice by developing knowledge to improve the
chances of producing successful products (Chakrabarti, 2010). Therefore, designers must
understand the emerging design trends. As the human, various emotional needs for automo-
tive interior design will become an important core value of automotive culture. For the general
public, extreme pursuits are not what they need in their daily lives. The design style and position-
ing of automobiles based on the needs of the general consumer has long been an impulsive pur-
chase factor for the automobile consumption culture that affects drama (Chen et al., 2000a),
while the car design based on the emotional needs of individuals is extremely important.

Goal of vehicle interior design and affective engineering

The top five countries in the global automotive market are China, United States, Japan, India,
and Germany (Chen et al., 2000b). Every year the famous automobile magazine Wards Auto
host “Wards 10 Best Interiors” conference and chosen for the publication’s award the best
10 car interior that focus of the texture, material, comfort, shape, layout, and good overall
design, etc., the nominated above picks from all the nowadays vehicle models in the global
automotive market. In 2018, the 10 Best Interiors award models include Chevrolet,
Hyundai, Infiniti, Kia, Lexus, Porsche, Lincoln, Land rover, ram, and Toyota. It will be seen
from this that would find obvious that the value of the car interior is not only determined
by the brand and the price. The automobile manufacturers began incorporating vehicle inter-
ior design direction in response to the driver’s emotional needs.

A design is a plan by which some undesired reality is changed into some desired reality
(Chakrabarti, 2008). In human-centered design, user research drives design decisions by pro-
viding an understanding of end users (Roschuni et al., 2013). According to Blessing et al.
(1992, 1995), the goal of design research is to develop knowledge to make the design more
effective and efficient and to enable design practice to develop more successful products.
Affective engineering is being increasingly used to describe a systematic approach to the anal-
ysis of consumer reactions to candidate designs. It has evolved from Kansei engineering, which
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supports communication across the disciplinary boundaries of the
team and informs the conceptual design decision-making process
when compromising between appeal and function (Delin et al.,
2007). Nagamachi (1995) proposed Kansei engineering as a
consumer-oriented technology for new product development to
understand consumers’ Kansei preferences and practically
improve product design.

In the present study, sensory experience and perceived value
evaluation models were employed in the experiments to identify
the factors that affected participants’ perceptions of images of
automotive interior design. The results of both experiments
were analyzed to identify the design factors that affected partici-
pants’ Kansei perceptions of interior design. The evaluation
results of their sensory experiences and perceptions of value
may serve as a reference for future automotive interior design.

The following three steps were performed for experiment pre-
paration: (1) Kansei keyword selection: a wide variety of Kansei
keywords were compiled and those suitable for a Kansei experi-
ment on automotive interior design were selected; eight Kansei
keywords were finally identified from the selected keywords by
using hierarchical cluster analysis. (2) Vehicle sample selection:
expert interviews and surveys were conducted to collect a wide
variety of images of automotive vehicles and to obtain relevant
information. The collected automotive images were divided into
Asian, American, and European car models according to the
country of origin and then into white-collar, middle-class, and
general public brands according to buyer attributes. Each brand
was then classified into A, B, and C segments, and a total of 27
types of vehicle images were identified for further real-vehicle
experimentation. (3) Expert interviews and interior component
classification: five automotive designers were recruited to identify
12 aspects (items) of the interior space based on its design, mate-
rial, and color. These 12 items were then divided into 40 cate-
gories of design elements. After the experiment preparation was
completed, two experiments on automotive interior design were
performed: Experiment 1 (sensory experience) and Experiment
2 (perceived value evaluation). In Experiment 1, 60 participants
with at least 5 years of driving experience were recruited to expe-
rience using 27 vehicle samples, and they rated each sample by
assigning 1–7 points to each of the previously selected eight
Kansei keywords based on their sensory experience. Hayashi’s
quantification theory type 1 (QT1) was performed on these scores
to calculate the weight relationship between participants’ Kansei
perceptions and the interior design elements. Experiment 2 was
conducted by inviting 60 participants with car-purchasing experi-
ence for a perceived value evaluation of the eight Kansei key-
words. First, automotive interior images were randomly shown
to the participants, and the following four dimensions for mea-
suring a consumer perceived value (CPV) were introduced: qual-
ity, emotion, price, and society (Sweeney and Soutar, 2001).
According to the aforementioned dimensions, each participant
completed a survey including items pertaining to the influence
level of the eight Kansei keywords. Factor analysis was performed
on the scores assigned by the participants to derive the influenc-
ing factors of these dimensions.

This study separately conducted experiments concerning
Kansei image and perceived value using two models – the sensory
experience and perceived value evaluation models – to identify
the correlations between Kansei values for the automotive interior
design given by users. The experiments aimed to assess partici-
pants’ sensory experience and perceptions of value. The results
related to the sensory and psychological expectations of the

participants concerning automotive interior design were deter-
mined after incorporating the assessment of designed items as
determined in Experiment 1 with the factors confirmed in
Experiment 2. Moreover, the participants’ descriptions of their
perceptions can be concretized into design factors, thereby
enabling automotive interior designers and developers to under-
stand what users demand for interior design and in turn fulfill
customized design requirements. This study determined user per-
ceptions of automotive interior design by experimentally explor-
ing users’ sensory experience and perceptions of value. Similar
research methods can be applied in studies of automotive appear-
ance and components in the interest of meeting consumers’
Kansei demands.

Sensory experience

In 1995, the Japanese scholar Mitsuo Nagamachi proposed the
Kansei engineering method, a consumer-oriented technology
for new product development. KE is defined as “translating tech-
nology of a consumer’s feeling and image for a product into
design elements” (Nagamachi, 1989). Kenichi Yamamoto, the
President of MAZDA Motor Corporation, stated that cars must
contribute to cultural creativity and that this concept should be
the focus for developing the automotive culture.

Numerous studies have employed KE to explore topics on cars.
For example, Jindo and Hirasago (1997) studied the design of car
interiors and cockpits; Lai (2005) and Chang (2007) examined
driver preferences regarding car appearance; Luo investigated
the design of wheel hubs; Smith and Fu (2011) examined the
Kansei design of car head-up displays; and Satake et al. (2011)
investigated the emotional assessment of automotive exterior col-
ors. For many people, particularly those with long commute
times, cars have effectively become multifunctional living spaces.
With the development of technologies such as global positioning
systems and MP4 players, people use their cars as a space for
media consumption, as a personal communication center, or as
an interconnected workplace. Many people spend two or more
hours in their cars engaged in tedious routine driving tasks
every day (Rosli et al., 2014). To improve the quality of this
time so that it becomes more useful and safer for drivers, provid-
ing a high-quality sensory experience to users and generating
effective perceived value evaluations of the insides of automobiles
are essential.

Among extant research on the five senses, Jordan (2000)
explored the relationship between car interiors and the five senses,
and indicated that when car interiors appeal to user needs, they
can generate consumer satisfaction and promote sales. Chen
et al. (2000a, 2000b) reported that functionality is not the only
factor influencing product perception and preferences; instead,
consumer purchase intentions and use behaviors can be devel-
oped through comprehensive product assessments based on
actual experiences derived from the five senses (hearing, sight,
smell, touch, and taste). Takahashi (2008) revealed that with the
rise of the experience economy, products have become increasingly
similar. If products can be designed to stimulate the five senses, they
can enhance multiple interactions in the form of experiential mar-
keting that consumers enjoy. Soota et al. (2000) stated that the
manufacturers must realize customer needs and expectations
and modify existing or new products to achieve market success.
Lin (2007) argued that it is crucial for companies to develop
their service quality by reducing the gap between functionality
and customer satisfaction.

402 Ching-Chien Liang et al.

https://doi.org/10.1017/S0890060419000246 Published online by Cambridge University Press

https://doi.org/10.1017/S0890060419000246


Perceived value evaluation

Customers perceive value in all purchase procedures, even during
the time before the purchase (Woodruff, 1997). CPV, which is
more individualistic and personal than quality, is a higher-level
abstraction than a specific product attribute and is a tradeoff
between what is paid and received by the consumers, whereas
quality is only a component received by consumers in the value
equation (Zeithaml, 1998). Parasuraman and Grewal (2000) con-
sidered CPV to be the most crucial indicator of repurchase inten-
tions. Sweeney and Soutar (2001) measured CPV by using four
dimensions: quality (measured by the quality of received services
or product performance), emotion (measured by the level of emo-
tions experienced by the customer when purchasing or receiving
services), price (measured by comparing the price and functions
of the product or the service purchased by the consumer), and
society (measured by the social perceptions of the consumer’s
image after purchasing or using the product). In summary,
CPV is an overall evaluation of what is paid or received by the
consumer, complying with the statement of Cronin et al. (2000)
that repurchase intentions are often influenced by CPV.
Perceptions are a crucial factor affecting consumers’ preferences
and purchasing behavior; thus, a comprehensive evaluation of

consumers’ perceptions can be used to infer their purchasing
behaviors (Chen et al., 2000a, 2000b). Because CPV is based on
consumers’ perceptions, Kansei images are critical for influencing
consumers’ preferences toward a product (Pu et al., 2015). Hsiao
et al. (2009) indicated that customers generally spend approxi-
mately 3 min for examining the exterior of a vehicle product
but spend 15 min for inspecting the interior design, implying
the importance of automotive interior design. Thus, the present
study not only adopted a Kansei engineering perspective but
also conducted perceived value experiments to comprehensively
identify the factors affecting consumers’ perceptions toward auto-
motive interior designs.

Methodology and stimuli

Two experiments were conducted in this study. In Experiment 1
(sensory experience), 60 participants with at least 5 years of driv-
ing experience were recruited to drive 27 selected vehicle samples
and rate each of them by assigning 1–7 points to each of the eight
Kansei keywords. The sensory experience experiment was
initiated when the participants entered the vehicle. The scores
were then analyzed using QT1 to calculate the weight relationship

Fig. 1. Experimental procedures.
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between participants’ Kansei perceptions and the interior design
elements. Experiment 2 (perceived value evaluation) was per-
formed by inviting 60 participants with car-purchasing experi-
ence to view vehicle images. The researcher introduced the
aforementioned four CPV dimensions to the participants.
Subsequently, the participants viewed the sample vehicle images
and filled out questionnaire items pertaining to the influence
level of the eight previously selected Kansei keywords according
to these dimensions. Factor analysis was performed on the scores
assigned by the participants to determine the factors influencing
these four dimensions.

The experiments lasted for 2 days with each participant engag-
ing in the sensory experience experiment on the first day and per-
ceived value evaluation on the second day (Fig. 1).

The following four steps were performed for experiment pre-
paration: Kansei keyword selection, vehicle sample selection,
expert interviews and interior component classification, and par-
ticipant selection and analysis. These steps are provided in further
detail below.

(1) Kansei keyword selection
A total of 30 participants with a design background were

recruited to select suitable keywords:

1. Collection and identification of suitable Kansei keywords: by
referring to previous studies of Kansei engineering, the
research team identified 100 keywords suitable for describing
an automotive interior. When experiencing and evaluating
automotive interior, users tend to focus on visual and haptic
experience. Therefore, words such as novel and clean are less
appropriate. 2. Rating and classification of the keywords: the

research team invited 30 experts, to select appropriate key-
words for describing automotive interior by rating the 100 key-
words on a scale of 1–5 points according to their professional
judgment. A total of 25 keywords that received an average
score in excess of 3.8 were selected. Next, the research team
used a hierarchical cluster analysis to classify the words accord-
ing to their similarity. Because the participants would be
required to rate the designs of various automobile models, it
was necessary that only simple and accurate words be selected
to avoid overlong experiments that would exert excessive pres-
sure on the participants. Thus, the hierarchical cluster analysis
was conducted to produce an accurate selection (Fig. 2).
Selection of representative words: the analysis results indicated
that the words were categorized into eight groups.
Subsequently, multidimensional scaling was employed to
determine the word in each category that was the closest to
the center; this was the word with the lowest value. The resul-
tant eight words were the Kansei keywords that optimally rep-
resented their groups from the participants’ perspective
(Table 1). Thus, the representative keywords for the eight clus-
ters were luxurious, interesting, fashionable, recreational,
dynamic, precise, vigorous, and technological.

Fig. 2. Keyword clustering.

Table 1. Cluster center value calculation

Keyword
Sample
no.

Cluster
group no.

Cluster center value
(the minimum value is

used)

Luxurious 14 1 0.031864605

Comfortable 15 1 0.15299446

Conservative 2 1 0.157839295

Expensive 4 1 0.210465281

Appealing 5 2 0.100412496

Interesting 12 2 0.100412496

Distinctive 6 3 0.82331397

Futuristic 19 3 0.668403439

Avant-garde 11 3 0.291121801

Fashionable 25 3 0.194866313

Youthful 1 3 1.184554253

Recreational 20 4 0.336961679

Practical 22 4 0.655367073

Robust 23 4 0.613324316

Simple 24 4 0.460234323

Speedy 16 5 0.208637379

Dynamic 17 5 0.034913052

Metropolitan 18 5 0.235276603

Mechanical 8 6 0.39804346

Precise 21 6 0.39804346

Sturdy 7 7 0.511072644

Typical 13 7 0.284211119

Vigorous 10 7 0.239420961

Technological 3 8 0.870465852

Classy 9 8 0.870465852
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(2) Vehicle sample selection
A wide variety of images of automotive vehicles on the market

were compiled, and the information of these vehicles was col-
lected. Based on expert opinions, these images were first divided
into Asian, American, and European car models according to

the country of origin and then into white-collar, middle-class,
and general public brands according to buyer attributes. For
each brand, images of vehicle interior designs were collected.
For instance, vehicle interior design images of Asian brands,
including Toyota, Honda, Subazu, Nissan, and Suzuki, were

Table 2. Vehicle samples used in Experiment 1

Brand Segment Models
Vehicle length

(mm)
Vehicle width

(mm)
Vehicle height

(mm)
Wheel base

(mm)
TWD price (×NT 1000) (USD:

NT $ = 1:33)

Asia – white-collar brand

Lexus A None (B-segment models were used for substitution because of a lack of A-segment models) –

B CT 200 4320 1765 1440 2600 1390–1790

C LS 460 5060 1875 1465 2970 3670–5990

Asia – middle-class brand

Honda A FIT 3900 1695 1525 2500 639–699

B Civic 4535 1755 1435 2670 709–839

C Accord 4960 1845 1475 2800 920–129

Asia – general public brand

Suzuki A Alto 3500 1600 1470 2360 468

B Sx4 4135 1755 1585 2500 698

C Vitara 4500 1810 1658 2640 1038

America – white-collar brand

Buick A None (B-segment models were used for substitution because of a lack of A-segment models) –

B Excelle 4671 1815 1487 2685 900

C Regal
GS

5000 1858 1497 28937 1600

America – middle-class brand

Chevrolet
A Aveo 4320 1735 1517 2525 600

B Epica 4808 1807 1450 2700 750

C Malibu 4869 1854 1466 2737 1100

America – general public brand

Ford A Fiesta 3960 1725 1450 2489 689

B Focus 4336 1840 1490 2640 880

C Mondeo 4844 1886 1500 2850 1038

Europe – white-collar brand

Benz A A-Class 4292 1780 1430 2699 1470

B C-Class 4591 2008 1447 2760 1920–4860

C S-Class 5206 1871 1473 3165 5310

Europe – middle-class brand

VW A Polo 3970 1682 1462 2470 808

B Golf 4534 1781 1504 2670 850–1150

C Passat 4769 2026 1470 2712 1939–2200

Europe – general public brand

Peugeot A 107 3435 1630 1470 2340 590–610

B 307 4202 1730 1510 2608 790

C 407 4676 1811 1455 2725 1490
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compiled and divided according to buyer attributes into three
groups, each of which was then classified into A, B, and C seg-
ments. For example, car models for Suzuki, one of the general
public brands, therefore included Alto, SX4, and Grand Vitara
models, determined according to Suzuki’s segments.
Accordingly, a total of 27 types of vehicles were obtained accord-
ing to their place of origin (Asia, America, and Europe), buyer
attributes (white collar, middle class, and general public), and
individual segment (A, B, and C). Real-life models of these 27
samples were used for the subsequent experiment (Table 2).
The interior designs of these models are illustrated in Figure 3.
Before the initiation of the sensory experience experiment, the
researcher concealed the models’ brand logo to reduce the influ-
ence of the brand image on participants’ perceptions.

(3) Expert interviews and interior component classification
According to the interviews of five automotive design experts,

the researcher divided the interior operating space into nine areas

(Fig. 4) and then classified these areas into 12 items according to
the attributes of these items, including dashboard display color,
dashboard display style, steering wheel material, steering wheel
shape, center console and door panel color, center console
form, gear shift lever material, central armrest and door panel
color, seat color, seat material, air vent color, and air vent
shape. These 12 items were further divided into 40 categories
according to their style or form, material, and color (Table 3).

(4) Participant selection and analysis
A total of 60 participants were recruited to engage in the two

experiments. The participants were aged between 25 and 55 years,
the number of men and women was both 30, and they had all
been driving cars for ≥5 years and had purchased cars. Table 4
presents the age, working experience, job tenure, driving experi-
ence, occupation, daily commuting time, and car-purchasing
experience of the participants. The daily commute averaged 1 h
and 30 min, indicating that the participants generally spent con-
siderable time in the car. Men had purchased two cars on average,
whereas women had purchased one. The likelihood of car pur-
chase was high among the participants aged 25–55, suggesting
that automobiles were a common transportation tool. Thus, this
study aimed to understand consumer psychology by identifying
the automotive interior design that best met consumers’
expectations.

Experiments and analyses

Sensory experience

QTI was adopted for the experiment concerning the sensory
experience. When assessing product quality, QTI is often per-
formed by measuring the affecting weight and levels of product
factors based on the preferences among users. The resultant
scores from Experiment 1 were used to calculate the partial cor-
relation coefficients for 12 items (i.e., x1–x12) and weights of
each category. An item with a high partial correlation coefficient
has a considerable effect on perception, a category weight indi-
cates the item with the highest demonstrated the effect in its cat-
egory, and a multiple correlation coefficient (R; explained
variation) represents the reliability of the predictive value con-
cerned. An item with an R value of 0.40–0.69 indicates a high cor-
relation with the predictive-value reliability. An item with an R
value of 0.7–1.00 suggests an extremely high correlation with
the predictive-value reliability.

In terms of luxurious, interesting, and vigorous, X6 center con-
sole form showed the highest partial correlation coefficients
among all items, and with touchscreen display exhibited the high-
est category scores among all categories under X6, and the multi-
ple correlation coefficients of the three aforementioned keywords
were all higher than 0.6, suggesting a high correlation. In terms of
fashionable, X11 air vent color showed the highest partial correla-
tion coefficient among all items (i.e., 0.602); silver frame + silver
fan blades exhibited the highest category score among all cate-
gories under X11, and the multiple correlation coefficient was
0.701, implying a high correlation (Table 5).

In terms of recreational, X5 center console and door panel
material showed the highest partial correlation coefficient
among all items (i.e., 0.512); plastic material + imitation teakwood
exhibited the highest category score among all categories under
X5, and the multiple correlation coefficient was 0.739, suggesting
a high correlation. In terms of dynamic, precise, and technological,
X6 center console form showed the highest partial correlation
coefficients among all items, and the multiple correlation

Fig. 3. Interior design of sample models.
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coefficients were all higher than 0.7, implying a high correlation
(Table 6).

A comprehensive analysis of the results of Experiment 1
(sensory experience) demonstrated that X6 center console

form and its category with touchscreen display exerted the larg-
est influence on the perceptions of luxurious, interesting, vigor-
ous, dynamic, precise, and technological, conforming to the
current trend of the prevalent use of touchscreen displays.

Fig. 4. Automotive interior space.

Table 3. Automotive interior design classification

Item Category Item Category

X1 dashboard display color White on black X6 center console form Without display–with physical buttons

Red on black With nontouch display–mechanical
buttons

Yellow on black With nontouch display–rotary buttons

With touchscreen display

X2 dashboard display style Digital–numeric display X7 gear shift lever material Leather + imitation metallic shift knob

Digital–analog display Embossed leather shift knob

Analog–analog display Leather + imitation teakwood polished
shift knob

Leather + black plastic shift knob

X3 steering wheel material Embossed leather X8 center armrest and door
panel color

Chromatic (brown, khaki, and beige)

Embossed plastic material Achromatic (black, gray, and silver)

Dual-color leather X9 seat color Monochromatic (similar to the door
panel color)

Plastic: limitation wooden color Dichromatic (contrasting to the door
panel color)

Featuring two to three customized
colors

X4 steering wheel shape Circular wheel + control panel X10 seat cover material Leather + fabric

Angular racing wheel + control
panel

Leather

Conventional wheel without
control panel

Woven fabric

X5 center console and door panel
material

Metallic mirror X11 air vent color Silver frame + black fan blades

Metallic mirror + plastic material Silver frame + silver fan blades

Plastic material Black frame + black fan blades

Plastic material + imitation
teakwood

X12 air vent shape Circular

Plastic material + metallic trim Circular + square

Square
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Table 4. Description of the participants

Men
25–30 years old: 3

persons
31–35 years old: 11

persons
36–40 years old: 9

persons
41–45 years old: 4

persons
46–50 years old: 2

persons
50–55 years old: 1

person

Average job tenure (years) 7.1 years 13.4 years 18.1 years 20.2 years 24.4 years 27.5 years

Average driving experience
(years)

5.1 years 12.3 years 16.5 years 18.3 years 21.3 years 20.3 years

Occupation type General occupations:
2 persons
Service: 1 person

Transportation: 1 person
Hospitality: 2 persons
Manufacturing: 6 persons
Service: 2 persons

Construction: 1 person
Manufacturing: 4
persons
Culture and education:
1 person
Information
technology: 3 persons

Journalism and
Advertising: 1 person
Healthcare: 1 person
Manufacturing: 2 persons

General business: 1
person
Information
technology: 1 person

Culture and
education: 1 person

Average commute time (minutes
or hours/day)

1 h and 20 min 2 h and 40 min 2 h and 10 min 1 h and 30 min 1 h and 15 min 1 h and 30 min

Brands and number of car
purchases (cumulative frequency)

Asian brands: 2
European brands: 2
American brands: 0

Asian brands : 7
European brands: 9
American brands: 4

Asian brands: 7
European brands: 8
American brands: 4

Asian brands: 3
European brands: 4
American brands: 2

Asian brands: 1
European brands: 2
American brands: 2

Asian brands: 1
European brands: 2
American brands: 0

Women 25–30 years old: 2
persons

31–35 years old: 13
persons

36–40 years old: 10
persons

41–45 years old: 4
persons

46–50 years old: 1
person

50–55 years old: 1
person

Average job tenure (years) 6.7 years 10.2 years 15.3 years 18.2 years 20.1 years

Average driving experience
(years)

5 years 8.5 years 10.6 years 14.2 years 17.4 years

Occupation Service: 1 person
Hospitality: 1 person

Manufacturing: 2 persons
Service: 1 person
Culture and education: 4
persons
Information technology: 3
persons
Journalism and
advertising: 3 persons

Manufacturing: 5
persons
Culture and education:
3 persons
Service: 2 persons

Healthcare: 2 persons
Manufacturing: 1 person
Culture and education: 1
person

Information
technology: 1 person

Average commute time (minutes
or hours/day)

50 min 1 h and 20 min 1 h and 40 min 1 h and 20 min 1 h and 30 min

Brands and number of car
purchases (cumulative frequency)

Asian brands: 1
European brands: 1
American brands: 0

Asian brands: 5
European brands: 4
American brands: 2

Asian brands: 5
European brands: 7
American brands: 3

Asian brands: 0
European brands: 4
American brands: 1

Asian brands: 1
European brands: 2
American brands: 0

408
Ching-Chien

Liang
et

al.

https://doi.org/10.1017/S0890060419000246 Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S0890060419000246


Table 5. Analysis of interior design items stratified by luxurious, interesting, fashionable, and vigorous

Item Category Luxurious Interesting Fashionable Vigorous

Category
score R2

Category
score R2

Category
score R2

Category
score R2

X1 dashboard display color White on black −2.120 0.407 −1.449 0.330 −4.830 0.347 −12.455 0.372

Red on black −8.210 27.216 0.417 11.126

Yellow on black 16.300 14.032 7.384 6.770

X2 dashboard display style Digital + numeric display 8.232 0.188 −10.502 0.120 −12.925 0.138 5.057 0.066

Digital–analog display 4.122 0.509 4.734 −1.482

Analog–analog display −14.368 7.308 −12.766 6.408

X3 steering wheel material Embossed leather 0.362 0.397 8.095 0.273 −1.716 0.392 12.849 0.401

Embossed plastic material −11.431 −11.233 −20.563 −6.427

Dual-color leather 27.76 32.132 27.694 41.050

Wood–plastic composite 17.375 −2.455 13.974 −4.745

X4 steering wheel shape Circular wheel + control panel 2.689 0.399 7.198 0.481 10.655 0.298 0.750 0.321

Angular racing wheel + control panel 12.238 18.995 4.640 12.757

Conventional wheel without control panel −24.550 −27.564 −21.104 −7.772

X5 center console and door panel
material

Metal mirror 12.800 0.490 −4.626 0.404 17.814 0.336 −3.637 0.499

Metal mirror + plastic material 8.758 14.012 4.314 11.045

Plastic material −10.654 −9.894 −7.277 −7.802

Wood–plastic composite (teakwood) 22.267 19.475 −19.851 15.472

Plastic material + metallic trim 4.360 −7.66 8.139 −8.62

X6 center console form Without display screen–with physical
buttons

−42.344 0.682 −27.228 0.571 −21.828 0.521 −37.732 0.592

With nontouchscreen display–mechanical
buttons

−1.059 7.507 −2.430 7.868

With nontouchscreen display–rotary
buttons

−23.471 −1.737 −32.082 −19.302

With touchscreen display 28.838 17.034 27.603 21.271

X7 gear shift lever material Leather + imitation metallic shift lever
knob

8.052 0.434 4.029 0.207 6.578 0.317 7.315 0.362

Embossed leather shift knob −19.523 6.912 −9.145 8.559

Leather + imitation teakwood polished
shift knob

−25.660 −20.668 −21.127 −17.059

Leather + black plastic shift knob −3168 −9.459 2.745 −18.281
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Table 5. (Continued.)

Item Category Luxurious Interesting Fashionable Vigorous

Category
score

R2 Category
score

R2 Category
score

R2 Category
score

R2

X8 center armrest and door panel
color

Chromatic (brown, khaki, and beige) −2.782 0.442 8.623 0.501 −17.385 0.353 7.848 0.502

Achromatic (black, gray, and silver) 0.712 −28.043 7.349 −38.495

X9 seat color Monochromatic (similar to the door panel
color)

−8.776 0.273 8.542 0.335 −5.941 0.256 3.847 0.487

Dichromatic (contrasting to the door
panel color)

4.575 −0.736 6.589 −13.834

Featuring two to three customized colors −0.201 12.510 −15.600 12.859

X10 seat cover material Leather + fabric −5.514 0.303 −11.724 0.163 −1.872 0.213 −7.252 0.323

Leather 11.613 3.280 7.467 1.016

Woven fabric −13.666 4.401 −10.147 4.305

X11 air vent color Silver frame + black fan blades 12.275 0.548 11.838 0.357 14.912 0.602 8.894 0.458

Silver frame + silver fan blades 24.110 20.116 27.702 16.521

Black frame + black fan blades −23.368 −16.314 −20.979 −13.186

X12 air vent shape Circular 14.538 0.496 8.348 0.356 19.334 0.512 14.414 0.193

Circular + square −24.944 20.218 −5.693 5.449

Square −17.715 −13.466 −15.769 −15.107

Multiple correlation coefficient 0.812 0.637 0.701 0.603
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Table 6. Keyword analysis: recreational, dynamic, precise, and technological

Item Category Recreational Dynamic Precise Technological

Category
score R2

Category
score R2

Category
score R2

Category
score R2

X1 dashboard display color White on black −1.727 0.31 −11.794 0.373 −2.635 0.343 10.167 0.275

Red on black −8.853 20.547 12.223 5.156

Yellow on black 27.202 10.293 14.631 −2.982

X2 dashboard display style Digital + numeric display −11.771 0.258 −1.316 0.156 14.953 0.374 12.239 0.288

Digital–analog display −2.039 8.055 −13.021 9.143

Analog–analog display 14.563 −6.567 −24.144 −2.163

X3 steering wheel material Embossed leather −9.065 0.366 16.714 0.405 −0.860 0.427 5.906 0.391

Embossed plastic material −13.648 −12.255 14.050 12.454

Dual-color leather 15.908 15.233 −6.979 3.150

Wood–plastic composite 21.289 −15.811 −15.341 −17.764

X4 steering wheel shape Circular wheel + control panel −1.221 0.466 4.528 0.555 4.650 0.519 2.458 0.482

Angular racing wheel + control panel −12.638 18.643 20.327 19.674

Conventional wheel without control panel 12.931 −25.639 −14.603 −6.738

X5 center console and door panel
material

Metal mirror 3.824 0.512 −2.623 0.304 2.214 0.246 17.382 0.439

Metal mirror + plastic material 11.758 11.032 1.314 12.478

Plastic material −10.654 9.894 −7.277 8.735

Wood–plastic composite (teakwood) 27.267 −22.235 −19.851 −35.135

Plastic material + metallic trim 4.67 14.451 16.132 10.232

X6 center console form Without display screen–with physical
buttons

8.547 0.369 −1.716 0.524 −11.177 0.576 −34.153 0.612

With nontouchscreen display–mechanical
buttons

−11.393 −3.883 7.930 12.451

With nontouchscreen display–rotary
buttons

−12.075 7.991 −3.209 2.439

With touchscreen display −21.159 12.202 14.733 21.385

X7 gear shift lever material Leather + imitation metallic shift lever
knob

3.426 0.315 8.742 0.341 9.632 0.382 10.632 0.347

Embossed leather shift knob −9.172 −4.577 −1.299 −4.732

Leather + imitation teakwood polished
shift knob

−19.404 −18.195 −16.162 −11.356

Leather + black plastic shift knob 0.306 −9.751 −2.927 −5.525
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Table 6. (Continued.)

Item Category Recreational Dynamic Precise Technological

Category
score

R2 Category
score

R2 Category
score

R2 Category
score

R2

X8 center armrest and door panel
color

Chromatic (brown, khaki, and beige) 8.322 0.391 18.451 0.379 −6.621 0.340 −5.711 0.338

Achromatic (black, gray, and silver) −7.890 −12.954 9.693 13.564

X9 seat color Monochromatic (similar to the door panel
color)

1.027 0.258 −2.236 0.301 −3.082 0.285 7.695 0.231

Dichromatic (contrasting to the door
panel color)

−12.234 −13.037 6.216 2.045

Featuring two to three customized colors 3.453 8.927 −7.197 −10.858

X10 seat cover material Leather + fabric 2.344 0.334 10.302 0.375 2.537 0.211 3.533 0.303

Leather 5.92 −2.439 −10.72 −4.781

Woven fabric −8.323 12.511 4.527 9.523

X11 air vent color Silver frame + black fan blades 1.282 0.303 8.735 0.451 12.303 0.388 17.353 0.416

Silver frame + silver fan blades −20.448 14.646 −2.797 6.456

Black frame + black fan blades 7.833 −28.192 −23.631 −25.223

X12 air vent shape Circular 12.115 0.372 21.921 0.436 −12.622 0.401 −10.391 0.398

Circular + square 3.115 2.043 −5.478 −5.641

Square −13.921 −22.032 14.946 10.925

Multiple correlation coefficient 0.739 0.710 0.713 0.825
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Nowadays, consumers generally consider an interface that fea-
tures touchscreen functions, three-dimensional simulation,
and real-time interaction as more entertaining and
technological than one involving conventional push buttons
or rotary buttons. In addition, touchscreen operation, which
has become a major trend for current technological devices
(e.g., automotive navigation systems, mobile phones, and car
televisions), enables multiple functions and a consistent oper-
ating procedure, which can affect consumers’ perceptions
(Fig. 5).

X11 air vent color and its category silver frame + silver fan
blades exerted the largest influence on the perceptions of fashion-
able because the participants regarded silver frames and silver fan
blades as more trendy than black frames, and these features were
considered more capable of highlighting the vehicle’s interior

design. Silver frames and silver fan blades are mostly installed
in the interior spaces of racing vehicles. The participants indicated
that fan blades in glossy metallic colors create a fashionable look
for vehicle interior design (Fig. 6).

X5 center console and door panel material and its category
plastic material + imitation teakwood exerted the largest influence
on the perceptions of recreational, because the participants indi-
cated that plastic materials incorporating imitation teakwood
trims generate a natural look and impart a sense of recreation
from imagined teakwood fragrance evoked from the visual teak-
wood imitation (Fig. 7).

QT1 was applied to analyze the weight relationship between
the participants’ perceptions of the selected eight Kansei key-
words and the interior design elements. Table 7 displays the cate-
gories that received the highest weights under the aforementioned

Fig. 5. Touchscreen devices.

Fig. 6. Silver frames and silver fan blades.

Fig. 7. Plastic materials with imitation teakwood trims.

Artificial Intelligence for Engineering Design, Analysis and Manufacturing 413

https://doi.org/10.1017/S0890060419000246 Published online by Cambridge University Press

https://doi.org/10.1017/S0890060419000246


Table 7. Category weights

Item Category L I F Vi R D P T

X1 dashboard display color White on black V V

Red on black V V V

Yellow on black V V V

X2 dashboard display style Digital–numeric display V V V

Digital–analog display V V

Analog–analog display V V V

X3 steering wheel material Embossed leather V

Embossed plastic material V V

Dual-color leather V V V V

Wood–plastic composite V

X4 steering wheel shape Circular wheel + control panel V

Angular racing wheel + control panel V V V V V V

Conventional wheel without control panel V

X5 center console and door panel
material

Metallic mirror V V

Metallic mirror + plastic material

Plastic material

Wood–plastic composite (teakwood) V V V

Plastic material + metallic trim V V V

X6 center console form Without display screen–with physical buttons V

With nontouchscreen display–mechanical
buttons

With nontouchscreen display–rotary buttons

With touchscreen display V V V V V V V

X7 gear shift lever material Leather + imitation metallic shift lever knob V V V V V V

Embossed leather shift knob V V

Leather + imitation teakwood polished shift
knob

Leather + black plastic shift knob

X8 center armrest and door panel color Chromatic (brown, khaki, and beige) V V V

Achromatic (black, gray, and silver) V V V V V

X9 seat color Monochromatic (similar to the door panel color) V

Dichromatic (contrasting to the door panel
color)

V V V

Featuring two to three customized colors V V V V

X10 seat cover material Leather + fabric

Leather V V V

Woven fabric V V V V V

X11 air vent color Silver frame + black fan blades V V

Silver frame + silver fan blades V V V V V

Black frame + black fan blades V

X12 air vent shape Circular V V V V V

Circular + square V

Square V V

L, Luxurious; I, Interesting; F, Fashionable; Vi, Vigorous; R, Recreational, D, Dynamic; P, Precise; T, Technological.
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Table 8. Exploratory factor analysis for the Quality dimension

Variable Questionnaire item
Factor loading

Eigenvalue and explained
variance (%)

Factor 1 Factor 2 Factor 1 Factor 2

Quality Interesting 0.904 3.223 (57) 1.443 (24)

Dynamic 0.868

Vigorous 0.859

Recreational 0.836

Technological 0.829

Luxurious 0.778

Factor naming Excitement quality Performance quality

Table 9. Exploratory factor analysis for the Emotion dimension

Variable Questionnaire
item

Factor loading Eigenvalue and explained variance (%)

Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3

Emotion Precise 0.908 3.050
(38)

1.979
(24)

1.571
(19)

Fashionable 0.903

Dynamic 0.728

Interesting 0.724

Recreational 0.943

Vigorous 0.697

Technological 0.860

Luxurious 0.845

Factor naming Fashion and trend Relaxation and
comfort

Luxury and
splendor

Table 10. Exploratory factor analysis for the price dimension

Variable Questionnaire item
Factor loading

Eigenvalue and explained variance
(%)

Factor 1 Factor 2 Factor 1 Factor 2

Price Technological 0.886 3.882 (48) 1.460 (18)

Luxurious 0.807

Precise 0.804

Dynamic 0.696

Recreational 0.797

Fashionable 0.784

Vigorous 0.753

Interesting 0.749

Factor naming Functionality Entertainment
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keywords, indicating the interior design elements that exerted the
largest influence on participants’ perceptions.

Perceived value evaluation

Experiment 2 was conducted by inviting 60 participants with car-
purchasing experience for a perceived value evaluation of the
eight Kansei keywords. To assess reliability, the Cronbach’s
alpha was calculated and found to be 0.838, 0.87, 0.836, and
0.82 for the price, emotion, quality, and society dimensions,
respectively, indicating the high reliability of all variables investi-
gated in this study.

Factor analysis was conducted to extract the influencing factors
based on these four CPV dimensions. As shown in Table 8, for
the quality dimension, two primary factors were extracted that
explained 57% and 24% of the variance (i.e., 81% in total).
Four items (interesting, dynamic, recreational, and vigorous) con-
stituted Factor 1, and two items (technological and luxurious)
constituted Factor 2. According to the attributes of the items asso-
ciated with the quality dimension, these two factors were named
Excitement Quality and Performance Quality. The remaining two
items, fashionable and precise, were excluded because they did not
reach the minimum factor loading.

As shown in Table 9, for the emotion dimension, three pri-
mary factors were extracted that explained 38%, 24%, and 19%
of the variance (i.e., 81% in total). Four items ( precise, fashion-
able, dynamic, and interesting) constituted Factor 1, two items
(recreational and vigorous) constituted Factor 2, and two items
(technological and luxurious) constituted Factor 3. These three
factors were named Fashion and Trend, Relaxation and
Comfort, and Luxury and Splendor.

As shown in Table 10, for the price dimension, two primary
factors were extracted that explained 48% and 18% of the variance
(i.e., 66% in total). Four items (technological, luxurious, precise,
and dynamic) constituted Factor 1, and four items (recreational,
fashionable, vigorous, and interesting) constituted Factor
2. According to the attributes of the items associated with the
price dimension, these two factors were named Functionality
and Entertainment.

As shown in Table 11, for the society dimension, two primary
factors were extracted that explained 47% and 22% of the variance
(i.e., 69% in total). Six items (dynamic, interesting, recreational,

precise, vigorous, and fashionable) constituted Factor 1, and two
items (technological and luxurious) constituted Factor
2. According to the attributes of the items associated with the
society dimension, these two factors were named Youthful
Image and Esteemed Image.

Nine factors were extracted after a comprehensive analysis of
the results of Experiment 2 (perceived value evaluation) and the
questionnaire scores obtained through factor analysis. Two factors
were obtained under the quality dimension: Excitement Quality
and Performance Quality; three were obtained under the emotion
dimension: Fashion and Trend, Relaxation and Comfort, and
Luxury and Splendor; two were obtained under the price dimen-
sion: Functionality and Entertainment; and two were obtained
under the society dimension: Youthful Image and Esteemed
Image. Among the selected Kansei keywords, technological and
luxurious shared the same four factors (i.e., Performance
Quality, Luxury and Splendor, Functionality, and Esteemed
Image), implying that the participants not only perceived vehicle
interior design as technological and luxurious but also evaluated it
as equipment that provides adequate functionality and perfor-
mance and exudes a sense of novelty and splendor. In addition,
vigorous and recreational shared the same four factors (i.e.,
Excitement Quality, Relaxation and Comfort, Entertainment,
and Young Image), implying that the participants not only per-
ceived vehicle interior design as vigorous and recreational but
also evaluated it as entertainment equipment that functions as
decorations with a sense of liveliness and youthfulness.

Integrated analysis of the experiments

This study integrated the sensory experience results with the per-
ceived value evaluation by matching 12 design items in the sen-
sory experience experiment (Table 7) with nine factors
extracted from the perceived value experiment (Table 12). As
shown in Table 12, five items in the left column corresponded
to the Excitement Quality factor, namely the red on black (colors
of dashboard display), angular racing wheel + control panel
(steering wheel shape), touchscreen display (center console
form), woven fabric (seat cover material), and silver frame + silver
fan blades (air vent color). The aforementioned items were per-
ceived as interesting and dynamic. The symbol ● means that
the indicated design item simultaneously fulfilled two perceptions

Table 11. Exploratory factor analysis for the Society dimension

Variable Questionnaire item
Factor loading

Eigenvalue and explained
variance (%)

Factor 1 Factor 2 Factor 1 Factor 2

Society Dynamic 0.898 3.813 (47) 1.783 (22)

Interesting 0.831

Recreational 0.779

Precise 0.769

Vigorous 0.756

Fashionable 0.713

Luxurious 0.855

Technological 0.838

Factor naming Youthful image Esteemed image
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Table 12. Correlations among the experimental results

Evaluation experience ratings/
sensory perceived value

Quality Emotion Price Society

Excitement
quality
(57%)

Performance
quality (24%)

Fashionable
and trendy

(38%)

Relaxation
and comfort

(24%)

Luxury and
splendor
(19%)

Functionality
(48%)

Entertainment
(18%)

Youthful
Image (47%)

Esteemed
Image (22%)

X1
dashboard
display
color

White on
black

● ●

Red on black ●

X2
dashboard
display
style

Digital–
numeric
display

● ◎ ●

Analog–
analog
display

● ◎

X3 steering
wheel
material

Dual-color
leather

◎

X4 steering
wheel
shape

Angular
racing
wheel +
control
panel

● ◎ ◎ ● ● ○ ●

X6 center
console
form

With
touchscreen
display

● ◎ ● ● ● ◎ ○ ●

X7 gear
shift lever
material

Leather +
imitation
metallic shift
knob

◎ ◎ ● ● ○ ●

X8 center
armrest
and door
panel color

Chromatic
(brown,
khaki, and
beige)

● ◎

Achromatic
(black, gray,
and silver)

◎ ● ● ●

X9 seat
color

Featuring
two to three
customized
colors

● ◎ ○

X10 seat
cover
material

Woven fabric ● ◎ ◎ ○

● ◎ ◎ ○
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(100%) with high correlations. Four items corresponded to the
Relaxation and Comfort factor that was linked with the percep-
tions of recreational and vigorous, and six items matched the
Luxury and Splendor factor and Esteemed Image factor that
was associated with the perceptions of technological and
luxurious.

Additionally, four items in the left column corresponded to the
Performance Quality factor, which triggered the perceptions of
vigorous, recreational, technological, and luxurious. However,
each item only satisfied three out of the four perceptions.
Therefore, the symbol ◎ was used to indicate a lower matching
level (75%). Regarding the Youthful Image factor, seven items
were related to perceptions of dynamic, interesting, recreational,
precise, vigorous, and fashionable. However, each of these seven
items only satisfied four out of the said perceptions (66%), yield-
ing the lowest matching level (Table 12).

According to the results of the two experiments, the research-
ers could determine the correlations in user perceptions.
Furthermore, these results exhibited that design items had various
levels of influence on sensory experience and perceived value,
thereby indicating the perceptions of automotive interior design
among the public. The associated factors can also be used to
help understand the mental expectations of consumers with
respect to the design of desired products.

Conclusion and suggestions

By conducting two experiments based on Kansei engineering, this
study confirmed the factors that affect user perceptions of auto-
motive interior design. Moreover, the correlations among those
perceptions were determined through critical analysis.

The result of Experiment 1 (sensory experience) suggested that
the perceptions of luxurious, interesting, vigorous, dynamic, pre-
cise, and technological were mostly affected by the center console
form, and that its category with touchscreen display received the
highest weight, indicating that in addition to perceiving the vehi-
cle interior as luxurious, technological, dynamic, and interesting,
the participants considered high-tech electronic information
devices and real-time interactivity as the most influential factors.
An automobile is highly similar to a portable mobile device.
When waiting or resting in an automobile, passengers tend to
use the information equipment of the center console for commu-
nication or online activities. A touchscreen center console aligned
with the functions of mobile phones and tablets is the interior
design element that most adequately meets drivers’ expectations.
With respect to the perception of fashionable, air vent color had
the highest partial coefficient among all items, namely the cate-
gory silver frame + silver fan blades. This result indicated that
the participants regarded the design of silver with streamlined
components to be fashionable. The center console and door
panel material had the highest partial coefficient with respect to
recreational perception, specifically the category plastic material
+ imitation teakwood. This result suggested that natural materials
created the perception of a recreational atmosphere for users and
the combination of various materials was the deciding factor.

The results of Experiment 2 (perceived value evaluation) indi-
cated that nine factors under the four CPV dimensions affected
the selected Kansei perceptions. A comparison of Table 7 (cate-
gory weights) with Tables 8–11 (exploratory factor analysis of
the four CPV dimensions) indicated that technological and luxur-
ious shared the same four factors (i.e., Performance Quality,
Luxury and Splendor, Functionality, and Esteemed Image) andTa
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corresponded to the same six interior design elements (i.e., white
on black under X1 dashboard display color, digital–numeric dis-
play under X2 dashboard display style, angular racing wheel +
control panel under X4 steering wheel shape, with touchscreen dis-
play under X6 center console form, leather + imitation metallic
shift lever knob under X7 gear shift lever material, and achromatic
[black, gray, and silver] under X8 center armrest and door panel
color). This finding suggested that innovative operating equip-
ment (e.g., the real-time user interface of a steering wheel and
center console) in achromatic metallic colors most effectively
demonstrates the luxury and technological features of a vehicle
interior design and that a vehicle interior design featuring a
touchscreen operating interface that can be connected to personal
mobile devices offers maximum functionality. Moreover, vigorous
and recreational shared the same four factors (i.e., Excitement
Quality, Relaxation and Comfort, Entertainment, and Youthful
Image) and corresponded to the same four interior design ele-
ments (analog–analog display under X2 dashboard display style,
chromatic [brown, khaki, and beige] under X8 center armrest
and door panel color, featuring two to three customized colors
under X9 seat color, and circular under X12 air vent shape).
This finding suggested that stress-reducing and entertaining oper-
ating components, a colorful interior design, customized colors
showing individuality, and circular or round-shaped components
provide stress relief to users and overall present a youthful and
esteemed image.

To integrate the findings concerning sensory experience with
those of perceived value evaluation, this study determined the
correlations between the 12 items in Experiment 1 and nine fac-
tors in Experiment 2. The results indicated that five design factors
affected the perceptions of interesting and dynamic under the fac-
tor of Excitement Quality, four items jointly affected vigorous and
recreational under the factor of Relaxation and Comfort, and the
perceptions of technological and luxurious were simultaneously
affected by six consistent design items under the factors of
Luxury and Splendor and Esteemed Image. The experimental
results confirmed the decisive design elements that affect user per-
ceptions. Specifically, the perceptions of interesting and dynamic
were linked to steering wheels and center consoles with
easy-to-operate designs, silver air vents, red-on-black dashboards,
and fabric seat covers; vigorous and recreational were associated
with customized and colorful interior displays, streamlined struc-
ture, and digital–analog dashboards. The participants perceived
an easy-to-operate steering wheel, a center console with touchsc-
reen display, and monochromatic interior displays made of metals
and leather as representative of technological and luxurious
designs.

This study assessed automobiles that were currently available
on the market with respect to Kansei (emotional) factors and
their influence on the participants. One of the limitations of
this study was that all selected models were those currently avail-
able on the market and all the levels of the selected models had
various design levels from the participants’ perspective.
Additionally, only cars with designs accepted by consumers rather
than future designs were considered in this study. Further
research on future vehicles using smart technology should also
be done, and the findings of such a study could serve as a refer-
ence for automotive interior design in the future. Furthermore,
this study only selected 27 automotive models because the two
experiments required a long time for the participants to rate mul-
tiple interior designs. Thus, virtual reality could be adopted in
future studies to save more time for experiments.

This study established a model that incorporated factors that
affected the sensory experience and those that affected users’ per-
ceptions of value. The findings can serve as a reference for auto-
motive interior designers and as a basis for studying automotive
exterior design, equipment design, and service design. The results
of this study and future studies can be used to better satisfy the
emotional expectations and requirements of automobile drivers.
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