
* 

Global Regionality of Tactile Perception for Door Armrests 

Toshiyuki Wada      Yukio Mori     Iza Husna Mohamad Hashim     Takashi Maeno     Kenjiro Takemua 

Automobile interior is one of the most crucial factors for evaluating products’ value. During the evaluation, tactile 
cue must play an important role in deducing product’s quality, however, the regionality of customer’s tactile perception 
is in most cases neglected in previous studies. This study conducted sensory evaluation tests of door armrests in three 
countries, Japan, USA and Denmark, which are representatives of East Asia, North America and Europe, respectively. 
Eight samples of door armrests and 29 words expressing tactile sensations were used in the test. 167 participants in total 
participated in the evaluation test, 53 from Japan, 64 from USA and 50 from Denmark. As results of factor analysis, 
cluster analysis and multiple regression analysis, the following conclusion can be derived, i.e., although there is no 
significant difference in preference perception of door armrests, the tactile perception structures are different among 
three countries. 
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Surface material Cross-section structure

#1  Resin

 Artificial leather

 Fabric

 Fabric 

 Artificial leather 

 Artificial leather 

 Artificial leather 

 Artificial leather 

Resin

 Surface
 Cushion

 Core

 Surface
 Cushion

 Core

 Surface
 Cushion

 Core

 Surface
 Cushion

 Core

 Surface

 Cushion 2
 Core

 Surface
 Cushion

 Core

 Surface
 Cushion

 Core

 Cushion 1

#2

#3

#4

#5

#6

#7

#8

Table 1  Door armrest samples, surface material 
and internal structure.

preferable pleasurable

High-order 
tactile sense

fit

comfortablePreference

cozy sporty
luxury shoddy thrilling
blissful relaxing refreshing

dry

Low-order 
tactile sense

moist porous
rubbery hard velvety
irregular uneven sticky
fluffy spongy soft
smooth rough bumpy
cool warm

Table 2  Evaluation words for sensory evaluation.

Fig.1  Hierarchical perception structure for 
tactile sense.

Low-order tactile sense

Factor #1 Factor #2 Factor #n

Preference

Factor #1 Factor #2 Factor #n

High-order tactile sense

Factor #1 Factor #2 Factor #n
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(c) Denmark (n = 50)

soft 
hard 
fluffy 
spongy 
velvety 
uneven 
irregular 
rough 
bumpy 
smooth 
moist 
sticky 
dry 
rubbery 
warm 
cool 
porous 

#1 
(soft)

#2 
(rough)

#3 
(moist)

#4 
(cool)

Commu- 
nality

-.140 
.133 

-.015 
-.016 
-.142 
.840 
.768 
.623 
.606 

-.586 
.031 
.096 

-.026 
.142 
.008 

-.004 
.165 

-.021 
-.055 
.085 
.219 

-.083 
.104 
.121 

-.006 
.215 
.068 
.621 
.573 

-.458 
.442 
.010 
.141 
.161 

.063 
-.237 
.434 
.295 
.409 

-.053 
-.021 
.028 

-.047 
-.124 
.088 

-.121 
-.078 
-.211 
.547 

-.528 
.188 

.718 

.690 

.612 

.573 

.566 

.678 

.639 

.484 

.427 

.456 

.406 

.355 

.295 

.293 

.445 

.291 

.083 

Eigenvalue
Cumulative 
contribution 
rate

3.541 2.611 1.246 0.615 

20.83 36.19 43.52 47.14 

.926 
-.725 
.624 
.614 
.547 
.009 

-.005 
-.276 
-.053 
.361 
.070 

-.077 
-.025 
-.020 
.417 

-.279 
.098 

Table 3 continued.

Table 3  Result of factor analysis for low-order 
tactile sense. (a) Japan, (b) USA, and (c) Denmark.
(a) Japan (n = 53)

soft 
fluffy 
hard 
spongy 
velvety 
warm 
porous 
bumpy 
rough 
irregular 
uneven 
smooth 
moist 
dry 
sticky 
rubbery 
cool 

#1 
(soft)

#2 
(rough)

#3 
(moist)

#4 
(cool)

Commu- 
nality

.886 

.846 
-.810 
.728 
.639 
.622 
.436 

-.019 
-.042 
-.064 
-.024 
.049 
.175 

-.049 
.075 
.052 

-.417 

-.106 
-.108 
.108 
.117 

-.118 
-.067 
.264 
.694 
.691 
.661 
.656 

-.503 
-.064 
.154 
.097 
.190 
.124 

.189 

.100 
-.201 
.098 
.095 
.069 

-.057 
.202 

-.084 
-.018 
.002 
.017 
.758 

-.610 
.554 
.311 
.076 

-.089 
.022 
.322 

-.041 
.223 
-.110 
.094 
.097 

-.128 
-.004 
.084 
.457 
.056 
.096 
.002 
.118 
.436 

.840 

.737 

.818 

.555 

.481 

.409 

.272 

.533 

.503 

.442 

.438 

.464 

.612 

.408 

.322 

.249 

.386 

Eigenvalue
Cumulative 
contribution 
rate

3.896 2.305 1.517 0.650 

22.92 36.48 45.40 49.22 

(b) USA (n = 64)

rough 
irregular 
uneven 
bumpy 
smooth 
fluffy 
spongy 
soft 
velvety 
hard 
porous 
warm 
moist 
sticky 
dry 

#1 
(rough)

#2 
(soft)

#3 
(moist)

Commu- 
nality

.786 

.785 

.743 

.723 
-.712 
-.123 
-.084 
-.341 
-.157 
.079 
.143 

-.087 
.084 
.168 

-.018 

-.166 
-.052 
-.044 
-.110 
.140 
.778 
.737 
.680 
.651 

.-597 
.518 
.358 
.035 

-.164 
.037 

.084 

.066 

.145 

.173 

.030 
-.023 
-.010 
-.122 
-.039 
.078 
.064 

-.139 
.783 
.510 

-.492 

.652 

.624 

.575 

.565 

.527 

.621 

.551 

.593 

.450 

.369 

.293 

.155 

.622 

.315 

.244 

Eigenvalue
Cumulative 
contribution 
rate

3.049 2.882 1.226 

20.33 39.54 47.71 
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Table 4  Result of factor analysis for high-order 
tactile sense. (a) Japan, (b) USA, and (c) Denmark.
(a) Japan (n = 53)

(c) Denmark (n = 50)

relaxing 
fit 
cozy 
blissful 
refreshing 
shoddy 
luxury 
thrilling 
sporty 

#1 
(relaxing)

#2 
(luxury)

#3 
(thrilling)

Commu- 
nality

.899 

.804 

.783 

.712 

.583 
-.147 
.459 

-.016 
-.053 

.094 

.134 

.167 

.385 

.207 
-.701 
.593 
.141 

-.095 

-.115 
-.143 
-.127 
.097 
.149 
.061 
.218 
.689 
.664 

.831 

.684 

.657 

.665 

.405 

.517 

.610 

.495 

.452 

Eigenvalue
Cumulative 
contributio
n rate

3.149 1.118 1.048 

34.99 42.42 59.07 

cozy 
relaxing 
refreshing 
blissful 
thrilling 
luxury 
fit 
sporty 
shoddy 

#1 
(relaxing)

#2 
( hrilling)

Commu- 
nality

.878 

.793 

.649 

.572 

.257 

.512 

.331 

.054 

.288 

.174 

.246 

.383 

.525 

.693 

.595 

.423 

.422 
-.369 

.801 

.690 

.568 

.603 

.547 

.616 

.289 

.183 

.219 

Eigenvalue
Cumulative 
contributio
n rate

2.671 1.841 

34.99 42.42 

refreshing 
blissful 
thrilling 
cozy 
sporty 
fit 
relaxing 
shoddy 
luxury 

#1 
(thrilling)

#2 
(relaxing)

Commu- 
nality

.879 

.793 

.708 

.622 

.494 

.337 

.543 
-.190 
.402 

.316 

.379 

.359 

.562 

.360 

.677 

.632 
-.551 
.440 

.872 

.703 

.629 

.703 

.374 

.572 

.694 
.34 

.354 

Eigenvalue
Cumulative 
contributio
n rate

3.139 2.172 

34.88 59.02 

(b) USA (n = 64)

Fig.2  Tactile perception structure for (a) Japan, (b) 
USA, and (c) Denmark. Line thickness and color 
represent standardized multiple regression 
coefficient. Solid and dash lines mean positive and 
negative coefficient, respectively.

(a) Japan (n = 53)

(c) Denmark (n = 50)

(b) USA (n = 64)

preferable comfortable pleasurable 

relaxing luxury thrilling

soft rough moist cool

preferable comfortable pleasurable 

relaxingthrilling

softrough moist

preferable comfortable pleasurable 

relaxing thrilling

soft rough moist cool

Standardized multiple regression coefficient, a

a ≥ 1.0

1.0 > a ≥ 0.7

0.7 > a ≥ 0.4

0.4 > a ≥ 0.1

0.1 > a

R2 = 0.988 R2 = 0.946R2 = 0.966

R2 = 0.946 R2 = 0.788R2 = 0.557

R2 = 0.946 R2 = 0.982R2 = 0.958

R2 = 0.946R2 = 0.948

R2 = 0.980 R2 = 0.959R2 = 0.964

R2 = 0.961 R2 = 0.160
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Fig.3  Tactile perception structures for (a)  
Cluster #1, (b) Cluster #2, (c) Cluster #3, (d) 
Cluster #4, and (e) Cluster #5. Line thickness 
and color represent standardized multiple 
regression coefficient. Solid and dash lines 
mean positive and negative coefficient, 
respectively.

(a) Cluster #1 (n = 37)

(b) Cluster #2 (n = 21)

(c) Cluster #3 (n = 71)

(d) Cluster #4 (n = 8)

(e) Cluster #5 (n = 30)

preferable comfortable pleasurable 

relaxing luxury thrilling

soft rough moist cool

preferable comfortable pleasurable 

relaxing blissful

soft rough moist cool

preferable comfortable pleasurable 

relaxing thrilling

soft rough moist

preferable comfortable pleasurable 

relaxing

soft rough

preferable comfortable pleasurable 

relaxing thrilling

soft rough moist cool

Standardized multiple regression coefficient, a

a ≥ 1.0

1.0 > a ≥ 0.7

0.7 > a ≥ 0.4

0.4 > a ≥ 0.1

0.1 > a

R2 = 0.995 R2 = 0.934R2 = 0.965

R2 = 0.913 R2 = 0.989R2 = 0.949

R2 = 0.982 R2 = 0.884

R2 = 0.965 R2 = 0.680R2 = 0.118

R2 = 0.982 R2 = 0.979R2 = 0.988

R2 = 0.998 R2 = 0.989

R2 = 0.974 R2 = 0.966R2 = 0.975

R2 = 0.898 R2 = 0.093

R2 = 0.720 R2 = 0.963R2 = 0.945

R2 = 0.980

Table 5  Number of participants in each cluster. 
Number in bracket represents female participants.  
(**p < .01, *p < .05)

Japan

USA

Denmark

#1Cluster #2 #3 #4 #5

26(7)**

6(1)

5(0)

0(0)

8(6)

13(10)*

12(2)

37(12)**

22(11)**

0(0)

8(4)*

0(0) 

15(3)*

5(0)

10(6)*

Total 37(8) 21(16)** 71(25) 8(4) 30(9)
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Table 6  Result of correlation analysis among 
countries. J, U and D represent  Japan, USA and 
Denmark, respectively. (**p < .01, *p < .05)

FactorLayer

Preference
preferable 
comfortable 
pleasurable

.952** 

.983** 

.962** 

.989** 

.952** 

.912** 

.937** 

.928** 

.910** 

J U U D D J

High-order 
tactile 
sense

relaxing 
luxury 
hrilling 

.954** 
N/A 
-.800* 

.984** 
N/A 
.496 

.932** 
N/A 
-.569 

Low-order 
tactile 
sense

soft 
rough 
moist 
cool 

.991** 

.835** 

.837** 
N/A 

.979** 

.984** 

.856** 
N/A 

.977** 

.843** 

.951** 
-.696 

Table 7  Result of correlation analysis among clusters. Note that cluster #4 is 
neglected due to the limited number of participants in cluster #4.  
(**p < .01, *p < .05)

FactorLayer

Preference
preferable 
comfortable 
pleasurable

.966** 

.950** 

.955** 

.914** 

.968** 

.929** 

.878** 

.843** 

.889** 

1 2 1 3 1 5

High-order 
tactile 
sense

relaxing 
luxury 
thrilling 
blissful 

.981** 
N/A 
N/A 
N/A 

.980** 
N/A 
.060 
N/A 

.890** 
N/A 
.664 
N/A 

Low-order 
tactile 
sense

soft 
rough 
moist 
cool 

.977** 

.980** 
-.109 
.896** 

.938** 
-.202 
.471 
N/A 

.896** 

.971** 

.779* 

.675 

2 3 2 5 3 5

.835** 

.965** 

.922** 

.816* 

.842** 

.805* 

.786* 

.877** 

.808* 

.989** 
N/A 
N/A 
N/A 

.913** 
N/A 
N/A 
N/A 

.935** 
N/A 
.224 
N/A 

.930** 
-.180 
-.855** 
N/A 

.918** 

.919** 
-.632 
.796* 

.956** 
-.244 
.895** 
N/A 
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Fig.4  Difference of tactile perception among three 
countries and clusters. Nlow and Nhigh are a number of 
factors in low-order tactile sense and high-order 
tactile sense, respectively. Ncon is a number of factors 
in high-order tactile sense that are connected to 
preferable with the value of standardized multiple 
regression coefficient more than 0.4. (a) Nhigh-Nlow, (b) 
Ncon-Nlow, (c) Ncon-Nhigh, (d) distribution of countries 
and clusters.
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