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ABSTRACT

Purpose: The purpose of this study is to develop a measurement scale for evaluating the auditory affect
of automobile engine sounds.

Methods: In order to collect affective vocabulary, literature review, user tests, and expert interviews were
conducted. Affective vocabulary related to automobile engine sounds was selected through three methods.
To develop the evaluation scale, open/close card-sorting and expert interview-based survey method was
used.

Results: The results of this study are as follows; In order to select the main affective vocabulary from the
collected vocabulary, 39 vocabularies with a frequency of 5 or higher were selected as vocabulary expressing
the main auditory affect of automobile engine sounds. Each affective vocabulary is divided into three di—
mensions, it was confirmed that the conceptual model for the auditory affect of automobile engine sounds
1s composed of three levels: intuitive, descriptive, and evaluative of hierarchical structure. As a result of
the study, four indices of intuitive dimension, seven indices of descriptive dimension, and one index of eval—
uative dimension were derived from the evaluation scale of the auditory affect in an automobile engine sound.
Conclusion: The auditory evaluation scale developed in this study can be used to systematically measure

and evaluate the auditory affect of automobile engine sounds.
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Table 1. Results of frequency analysis for affective vocabularies of automobile engine sound
Affgctive Frequency Affgctive Frequency Affgctive Frequency
variable variable variable
Satisfaction 68 Heavy 27 Tremble 12
Quiet 60 Hard 26 Modern 12
Soft 54 Loud 24 Frictional 11
Luxury 51 Metallic 23 Rustic 11
Pleasant 45 Rough 22 Thrumming 10
Comfortable 40 Exciting 22 Sporty 8
Stable 36 Dynamic 21 Flat 7
Powerful 36 Weak 20 Simple 7
Sophisticate 35 Sharp 17 Refined 7
Calm 30 High-Tone 16 Natural 7
Full 29 Dry 15 Harmonic 6
Light 28 Flexible 14 Fast 5
Annoying 28 Thick 13 Delicate 5
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Table 2. Results of ANOVA for k-means clustering

Blement Cluster Error P b
M.S df M.S df
[_Suitability 14.905 2 A74 36 31.443 .000
D_Suitablity 11.917 2 171 36 69.767 .000
E_Suitability 9.684 2 414 36 23.387 .000

Table 3. Results of cluster and distance for each affective variable using k—-means clustering

é}l;flizgfee Cluster | Distance é;freizglvee Cluster | Distance éf;reig;ree Cluster | Distance
Loud 1 0.610 Fast 3 1.414 Comfortable 3 1.554
Sharp 1 0.102 Exciting 3 1.396 Light 3 1.083
Rough 1 0.552 Dynamic 3 1.232 Full 3 1.362
Quiet 1 0.738 Powerful 3 1.045 Heavy 3 0.463
Frictional 1 0.614 Refined 3 0.99 Flat 3 0.958
Tremble 1 0.248 Sporty 3 1.309 Soft 3 0.830
High tone 1 0.302 Hard 3 1.065 Thick 3 1.201
Thrumming 1 0.388 Weak 3 1.083 Calm 3 0.942
Metallic 1 0.184 Rustic 3 1.200 Simple 3 0.899
Luxury 2 0.241 Delicate 3 1.823 Modern 3 0.705
Annoying 2 0.709 Stable 3 1.094 Harmonic 3 0.984
Pleasant 2 0.251 Flexible 3 0.433 Natural 3 1.267
Satisfaction 2 0.577 Dry 3 1.326 Sophisticate 3 1.510
4.3 A2 AzolM e Bz A4 A
A, AR PR el A A AUoR BRE 24 ol5S FoA, 24 24 Aol A 94 o FE A
© 4y st AEEADL FEHAT 99 AhE 25 e Aol A8 WRE B
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Warfel, 2004).

.
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Figure 2. Example of results for affective vocabularies classification by each expert
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Table 4. Results of open card sorting for each dimension

Dimension Affective variable Similarity score (Affective variable)
Loud 13(Quiet)
- Sharp 11(High tone); 9(Metallic)
dIiIr]rtlilr?s\i]sn Rough 5(Tremble)
Frictional 9(Tremble); 5(Thrumming)
Tremble 8(Thrumming)
Powerful 13(Dynamic); 12(Sporty); 11(Exciting)
Refined 9(Sophisticate); 8(Delicate)
o Dry 6(Rustic)
bescripive Soft 10(Hard)
Full 10(Flat); 9(Simple); 8(Stable)
Comfort 7(Calm)
Light 12(Heavy); 8(Weak); 7(Thick)
Evaluative Satisfaction 12(Annoying); 10(Pleasant); 7(Luxury)
dimension Pleasant 9 (Annoying)
4,4 A Ao ' B4 A AR R BA
A9 Tk 28 PEel A5E Bo) BUR FUCT RFE 24 olF) FolA AFA A1 %9 A7 2L UE
&5 0 A4 RS A feiA dirtEs doR AR 2ARE skl A 3714 Akl 7t
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Kim : Development of Auditory Evaluation Scale in Automobile Engine Sound 417

g o3l 128 AEA AALAN 2 oiF 8 4 D AZH Tz

rr

Table 5. Results of descriptive statistics for selecting representative affective variables

a9 33 2t}

Cluster Affeptwe Relevance | Representative | Cluster Affeptwe Relevance | Representative
variable variable

Sharp 5.73 (1.03) 5.33 (1.29) Light 4.60 (1.99) 4.73 (1.16)
1 Metallic 4.60 (1.99) 4.33 (2.19) . Weak 2.53 (1.13) 3.73 (1.28)
High tone | 3.73 (2.28) 4.13 (1.92) Heavy 3.93 (2.22) 2.93 (1.71)
Frictional 4.93 (1.03) 5.13 (1.25) Thick 3.27 (1.83) 2.93 (2.02)
2 Tremble 3.67 (1.1D 3.73 (1.39) Refined 5.20 (1.70) 5.53 (1.13)
Thrumming | 2.13 (0.83) 2.53 (1.19) 6 Delicate 4.07 (2.19) 3.60 (1.72)
Powerful 4.47 (1.88) 5.20 (1.57) Sophisticate | 3.53 (1.46) 4,73 (1.28)
3 Exciting 4.20 (1.93) 4.33 (2.06) ; Dry 4.13 (1.64) 4.67 (1.50)
Dynamic 4.40 (1.24) 453 (1.19) Rustic 3.67 (1.88) 4.13 (1.96)
Sporty 4.33 (1.80) 4.20 (2.27) g Soft 5.00 (1.07) 3.93 (2.52)
Full 5.26 (1.58) 5.13 (1.5D) Hard 3.80 (1.78) 3.47 (1.92)
Flat 4.13 (2.07) 3.47 (1.85) 9 Comfort 473 (1.62) 4.00 (1.85)
Flexible 4.27 (2.46) 3.60 (1.30) Calm 3.53 (1.55) 3.40 (2.32)
4 Stable 3.47 (1.88) 4.00 (1.85) Satisfy 4.67 (1.63) 4.87 (1.81)
Simple 4.07 (2.19) 3.20 (2.51) 10 Pleasant 4.13 (2.33) 4.07 (1.22)
- - - Annoying 4.40 (1.64) 4.67 (1.73)
- - - luxury 3.93 (1.88) 2.93 (1.25)

Evaluative Affect

Satisfy
=== i
Descriptive Affect
Powerful Soft Dry Light
Refined Full Comfort
—
Intuitive Affect
Loud Sharp Rough Static

Figure 3. Three level of affective model in an automobile engine sound
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Table 6. The p-value for each cluster in affective dimension through ANOVA
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