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ABSTRACT

As driving sound significantly influences the user experience and satisfaction of a driver, the
importance of selecting appropriate driving sounds while considering the desired driving emotions continues
to grow. Particularly for electric vehicles, the opportunity to artificially craft driving sounds enables a
considerably broader spectrum of driving sound designs. However, current research have considered only
driving emotions, neglecting direct impacts on the state of a driver. This study introduced a method to
evaluate the impact of driving sounds on the concentration of a driver through driving simulations.
Concentration during driving was measured using the Eriksen flanker task, and the relationship between
concentration, satisfaction, driving emotions, and psychoacoustic parameters was analyzed. Through this, the

optimal conditions for driving sounds to induce high levels of satisfaction and concentration were defined.
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(b) Driving sounds used in experiment 2

Fig. 1 Spectrograms of driving sounds used in experi-
ment

Table 1 Psychoacoustic parameters of the audio sources
used in the first and second experiments

(triasloﬁﬁfn, = Shapness Tonality Loudness

sound num.) [acum] [tu] [sone]
1-1 0.74 0.016 30
1-2 0.68 0.15 30
1-3 11 0.034 30
1-4 0.49 0.087 30
1-5 1.1 0.33 30
2-1 0.53 0.0086 30
2-2 0.98 0.098 30
2-3 0.70 0.16 30
2-4 0.75 0.092 30
2-5 0.82 0.13 30
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Fig.2 Example of subjective evaluation paper
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(b) Photo of the
experiment in progress

(a) Driving simulator
setting

Fig.3 The overall setting for measuring concentration
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(a) Example of flanker task of driving simulator

Left arrow Right arrow

(b) Key settings of driving wheel

Fig.4 The overall view of how the flanker task is
done while driving simulation
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Table 2 Correlation coefficients between bipolar test
keywords and psychoacoustic parameters

Driving emotion | Correlation coeff. | Correlation coeff.
(opposite key word) (sharpness) (tonality)
Loud(quiet) 0.92 0.26
Shrill(calm) 0.88 0.53
Annoying(pleasant) 0.78 0.35
Metallic(deep) 0.40 0.58
emttle | oy
Weak(powerful) -0.79 -0.19
Conservative(sporty) -0.79 -0.67
Flat(rumbling) -0.73 -0.64
Boring(exciting) -0.43 -0.79
O ot | ons
Uninspired(creative) 0.078 -0.79
Harsh(refined) 0.70 -0.22
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Table 3 Correlation coefficients between bipolar test
keywords and satisfaction, concentration score

Driving emotion | Correlation coeff. | Correlation coeff.
(opposite key word) (satisfaction) (concentration)
Loud(quiet) -0.81 -0.28
Shrill(calm) -0.84 -0.62
Annoying(pleasant) -0.98 -0.47
Metallic(deep) -0.59 -0.81
Uncomfortable
(comfortable) -093 -0.53
Weak(powerful) 0.45 0.032
Conservative(sporty) 0.70 0.67
Flat(rumbling) 0.60 0.67
Boring(exciting) 0.30 0.80
Old fashioned
(futuristic) 0.15 0.75
Uninspired(creative) 0.15 0.78
Harsh(refined) -0.51 0.16
WS ol gal Qo7 9 W WEFY HSE ol 8
2 ATESs 75 5 e T 244 g
A A BAE EEl g8 Bk
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Fig. 5 Scatter plot between the satisfaction score and
sharpness
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