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Abstract

This study assumed two key parameters that describe smoothness. Previously, the number of studies that defined smoothness with
the concept of curvature has been limited. The parameters were the two physical characteristics of curvature: the number of waves
and the amplitude of them. The purpose of the study was to observe which of the two parameters influences the perception of
smoothness and to examine the relationship between the sense of aesthetic beauty and smoothness. The visual stimuli used in the
study were transformed three-dimensional spheres, based on the combination of the three levels of the two parameters of nine distinct
conditions. We analyzed the three responses that measured the preference of each visual stimuli, the familiarity score, and the
smoothness evaluation score, each with the linear mixed model whose fixed effects were the two parameters and random effects were
the participants’ individual differences. Nearly the eighty percent of the variance of the smoothness evaluation score was explained
by the linear model with the two key parameters and their interaction. The physical characteristics of a viewed object were far more
significant than individual differences such as personality factors and the manner of art appreciation.

In conclusion, the study examined the perception of smoothness based on the change of the physical characteristics of a shape. The
study further recognized the relationship between smoothness and the aesthetic preference. No significant influence of the participants’
individual difference such as gender, the degree in fine arts, personality factors, and the manner of art appreciation was observed. The
amplitude of waves, rather than the number of them, was far more significant to the perception of smoothness.
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Figure 1: Example of irregular wave.
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Figure 2. Profile curve: (a) FL type, (b) XH type.

(b)
Figure 3. Surface of revolution: (a) FL type, (b) XH type.
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Table 1. Mean and standard deviations for the loop of the surface of revolution.

Wave height
Span Total
Low Mix High
Few 49.52 66.82 74.60 63.65
(1.44) (14.00) (7.88) (13.86)
Medium 5197 81.09 103.03 78.78
0.44) (3.76) (8.58) (22.23)
Many 52.07 88.34 122.89 87.77
(2.50) (19.02) (19.52) | (3331
Total 51.19 78.75 100.18
(1.98) (15.78) (5.00)

Table 2. Statistics of the surface of revolution volume and loop by type.

Wave volume (mm?) loop (mm)

. Type
height mean sd mean sd

Span

Few Low FL
Few Mix FM
Few High FH
Medium Low ML
Medium Mix
Medium

7228.15
8634.69
12776.83
8109.63
10711.58
8297.65
8012.16
10179.54
10754.31

1063.20
5681.89
535332

334.98
1404.52
1575.01

853.31
1932.38
1458.09

49.52 1.44
66.82| 14.00
74.60 7.88
5197 0.44
81.09 3.76
103.05 8.58
52.07 2.50
88.34| 19.02
122.89| 19.52

Many
Many Mix XM
Many
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Table 3. Correlation of five items.
1'Xttract Iflterest Beauty Smooth Familarity
-iveness -ingness -ness
Attractiveness 1
Interestingness|  .868* 1
Beauty 910* .813* 1
Smoothness 311* 229* .240* 1
Familiarity 459* 413* A8T7* .178* 1
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Table 4. Average and standard deviation of item scores by span.

Span Few Medium | Many
. trial 1 trial 2 mean trial 1 trial 2 mean trial 1 trial 2 mean
Attractiveness 3.17 3.19 3.18 252 2.48 2.5 232 2.26 2.29
(0.94) (L11) (0.97) 0.9) (L1) (0.95) (0.96) (1.05) (0.95)
Beauty 297 3.09 3.03 2.32 231 231 2.06 2.05 2.05
(0.90) (1.12) (1.01) (0.90) (1.07) (0.95) 0.9) (1.02) 0.92)
Familiarity 3.08 3.35 321 2.35 2.58 247 2.24 241 233
(1.03) (1.18) (1.05) (0.94) (1.3) aonl (.02 (1.3) (L11)
Interestineness 3.08 3.05 3.06 2.75 2.58 2.66 2.69 2.45 2.57
g (0.90) (1.04) (0.92) (0.98) (1) 099  (1.12)  (1.07) (1.08)
Smoothness 397 4.01 3.99 2.96 2.89 294 2.46 241 243
(0.95) (1.03) (0.96) (1.09) (1.21) (1.16) (1.24) (1.26) (1.22)
Table 5: Average and standard deviation of item scores by wave height.
Low Mix High
Wave height trial 1 trial mean trial 1 trial 2 mean trial 1 trial 2 mean
2
Attractiveness 2.49 2.48 2.49 2.82 2.78 2.8 2.7 2.67 2.68
(1.03) (12) (1.08) (0.97) (1.13) (1.01) (0.93) (1.09) (0.95)
Beauty 233 2.36 2.35 2.55 2.6 2.57 2.46 2.49 248
(109  (1.19) (1.1) (0.94) (1.11) (0.98) 0.91) ) 0.91)
Familiarity 2.87 3.04 2.96 2.44 2.7 2.57 2.37 2.61 2.49
(1.18) (1.4) (1.23) (0.96) (1.18) (1.02) (0.95) (1.21) (1.03)
Interestingness 2.55 243 2.49 3.04 2.89 2.96 292 2.76 2.84
g (1.08)  (1.19) (1.09) (1.03) (1.17) (1.05) (1.08) (1.14) (1.06)
Smoothness 3.65 3.65 3.65 3.03 3.04 3.03 272 2.65 2.69
(1.09)  (1.12) (1.06) (1.13) (1.17) (1.12) (1.12) (1.11) (1.08)
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