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ABSTRACT

Objective: This study aims to identify how psychoacoustic characteristics of vehicle exhaust sound affect subjective
impression and satisfaction. Furthermore, we studied relative importance of each physical element. Background:
Nowadays, companies endeavor to construct appropriate product sound to gain competitive advantage, but few studies have
focused on the relationship of psychoacoustic characteristics, impression and users’ satisfaction. For Korean car companies,
since engine exhaust sound is crucial to users’ satisfaction, they need to understand physical characteristics of engine sound
and how they affect users’ affective factors. Method: We analyzed impression of nine engine exhaust sounds and how they
affect users’ satisfaction. Subjective impressions are composed of sixteen pairwise adjectives using semantic differential
scale. They are categorized by factor analysis, and each three dimension significantly affected user’s satisfaction. Results:
Impression evaluation is affected by loudness and sharpness, but not by fluctuation strength and roughness. Sixteen
adjectives are categorized by three dimensions and psychoacoustic attributes showed different relative importance to each
dimension. They eventually affected satisfaction significantly. Conclusion: Loudness and sharpness of engine exhaust
sound affected subjective impression significantly, but they did not directly affect user’s satisfaction. However, since
impression evaluation shows strong relationship with affective reaction, it shows sound metrics affect user’s emotion
indirectly. Application: This study shows loudness and sharpness of engine exhaust sound affect users evaluating
impressions. It implies car companies can design physical dimensions considering user’s affective evaluations.
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2. Method

2.1 Recordings of engine exhaust sound
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Figure 1. Time series of loudness and sharpness
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2.3 Measure
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Table 1. Semantic Differeantial adjective pairs

(Kuwano & Namba, 1985)

Variable Subjective evaluation adjectives
El loud soft
E2 deep shrill
E3 frightening not frightening
E4 unpleasant pleasant
E5 dangerous safe
E6 hard soft
E7 exciting calm
ES8 dark bright
E9 powerful weak
E10 busy tranquil
Ell conspicuous inconspicuous
E12 fast slow
El13 distinct vague
El4 strong weak
El15 tense relaxed
El6 unpleasing pleasing

2.4 Participants and experiment environment
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3. Results
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3.1 Factor analysis of subjective evaluation
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Table 2. Result of factor analysis

(67.95%)
Dimension Attribute Dimension Attribute

El E3

E9 E4

Ell Factor2 E5
Factorl E12 A=2.043 E6
A=7.561 E13 E7

El4 E10

El5 Factor3 E2

El6 A=1.268 E8
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Figure2. Relative importance of psychoacoustic attributes

impacting sound impressions

3.2 Analysis of impression and satisfaction
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Table 3 Regression analysis of impression dimension
and satisfaction
(R?=0.647, F=110.561, p<0.001)

Parameter | Estimate S.E t-Value Pr> |t]
Intercept 6.028 0.270 22.357 0.000
Factorl -0.992 0.063 -15.861 0.000
Factor2 0.308 0.066 4.668 0.000
Factor3 0.147 0.049 2.980 0.003
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Figure3. Standardized residual

4. Conclusion
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