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Rotary switches are used as control elements for various in-vehicle products such as car audio devices and air conditioning systems 

because of their high usability. It is known that the operating feeling of switch products influences our impression of the vehicle as a 

whole. Thus, the operating feeling needs to be designed appropriately by understanding the correspondence with the relevant physical 

characteristics. 

In this study, we conducted two subjective evaluation experiments to understand the 

correspondence between the operating feeling of rotary switches and physical characteristics. 

In experiment 1, the participants responded to their impressions during the switch operation 

with an onomatopoeic free-answer. In Experiment 2, the participants responded to their 

impressions of the same stimuli as in Experiment 1 with adjective pairs using the semantic 

differential method. For the experiment, twenty types of stimuli were used, which consisted 

of a combination of tactile stimuli (five different click torques) and operating sounds (two 

volume levels and two sharpness conditions). For the presentation of the stimuli to 

participants, we used a simulator that can simulate the operating feeling of rotary switches 

(Fig. 1). The simulator was designed to present the tactile sensation by turning the knob, and play the operating sound through headphones. 

Experiment 1:  The results of the correspondence analysis showed that the onomatopoeia used by the participants differed depending 

on the magnitude of the physical characteristics (Fig. 2). Focusing on the phonology of the onomatopoeia, the vowel /i/ and vowel/o/ 

tended to appear in the high sharpness operating sound and the low sharpness one, respectively. In addition, the larger the click torque and 

the operating sound volume, the more voiced consonant tended to be expressed. 

Experiment 2:  Factor analysis was performed on the experimental results, and the correspondence between the factor scores and the 

physical characteristics was examined.  

From the correspondence between the experimental results and physical characteristics in Experiments 1 and 2, we found a relationship 

between onomatopoeia and adjectival expressions associated with impressions during rotary switch operation (Fig. 3). These findings are 

useful for creating quantitative feeling of switch operations. 

  

Fig. 2 Correspondence analysis results of 1st experiment Fig. 3  Relationship between adjectives and onomatopoeias 

 

 

 

 

 

 

 

 

Fig. 1  Experimental setup 

Control knob 

/ka-tʃi/
/tʃi-tʃi/

/tʃi-ri/

/ʤi-ʤi/

/to-to/

/ta-ta/

/ɡo-ri/

/bo-bo/

/po-po/

/ɡi-ɡi/

/ɡi-ri/ /po-ro/

/ki-ri/

/ko-ri/

/ku-ru/

/ko-ro/

/ʤi-ri/

/pu-tsu/

/bo-ro/

/dzu-dzu/

/ka-ta/

/da-da/

/ɡa-tʃi/

/tsu-tsu/

/do-do/

/ko-to/

/to-ro/

/bu-ru/

/ki-ki/

/su-ru/

/zu-ru/

/du-ru/
/do-ro/

/ɡu-ru/

/tu-tu/

/bu-bu/

10.5mNm

15.8mNm

21.0mNm

26.3mNm

31.5 mNm

H35dB

H45dB

L35dB

L45dB

-3

-2

-1

0

1

2

3

-2 -1 0 1 2

2
n
d

 d
im

en
si

o
n
 (

1
7
.8

%
)

1st dimension  (54.9%)

Onomatopoeia
Tactaile stimuli
Operating sound stimuli

 Small click torque / volume 

L
o

w
 s

h
ar

p
n
es

s 
H

ig
h

 s
h

ar
p

n
es

s 

Adjective 
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 Soft / Fuzzy 
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Adjective 
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