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Abstract: This study examined the impact of the fractal characteristics of bonsai on relaxation. Fractal patterns reflect
shapes occurring in nature and promote relaxation. Fractals appear in both bonsai and forest environments, but
insufficient research exists on the fractal characteristics of bonsai. This study assumed that the fractal characteristics of
bonsai would be effective in inducing relaxation. The reliability of the study results was ensured by selecting participants
from a group of 40-year-olds with stressful occupations and no prior knowledge of bonsai. The experiment entailed two
aspects: devising a method to extract the fractal dimension of bonsai and verifying its relaxation effects. The box
counting method was applied to ascertain the fractal dimension, and the 18 participants were divided into nine groups
to verify the relaxation effects. The brain waves of each participant were measured after observing a bonsai with a fractal
dimension of 1.3 to 1.6 or another type of bonsai for five minutes. A second crossover experiment was conducted in
reverse order before recording participant electroencephalograms (EEGs), focusing on alpha waves. The group that
observed the fractal dimension of 1.3~1.6 registered significant results (p=0.01*) in both experiments. The outcomes for
groups that observed other bonsai types were numerically positive but not statistically significant (p=0.08"%, 0.06"). This
study explored potential applications of the inherent fractal characteristics of bonsai to forest healing. Bonsai are created
from varied forest resources and exhibit seasonal variations. Bonsai-based healing programs are expected to expand in
the future once additional experiments are conducted using varied bonsai.
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Figure 1. Calculate Bonsai by Box counting.
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Table 1. Fractal dimension and dimension range of the bonsai.

F: 10 13 1.6 20

Range of the
Fractal Dimension

FD = 1.12 FD =149 FD = 1.53 FD = 1.75

FDZli m : 419 m . 356 m : 342 m : 445
082 n: 193 n 127 n 118 n 132

Grid: 5 mm
Box: 50x50
Scale: 25%x25 cm

variable: m

Grid: 10mm
Box: 25%25
Scale: 25x25 c¢cm

variable: n

Binarization

Original

* FD is calculated using the Box-Counting method. The grid size is determined and the number of lines passing through the
grid (n) and the number of lines passing through the grid when the grid is halved (m) are calculated(Choi, 2009).

Table 2. 20 selected bonsai based on FD (1.3~1.6).

20 selected Bonsai

1t oM 3 gy 5 g g gl gt gt gt g2 13 14 15" 16™  17™ 18" 19™ 20"

142 138 146 144 147 145 140 147 144 150 1.46 141 139 147 146 146 147 138 1.54 151

Average: 1.45 SD: 0.04
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Figure 2. Verification of relaxation effect of fractal dimension-based Bonsai.
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Figure 3. EEG electrode placement and 2 Electrode EEG with application (Flowtime).
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Table 3. Demographic characteristics of the study subjects.

Item EG1 EG2 Total exp. x? p value
mail 5 (0.63) 3 (037) 8 (1.00) 9 s
Gender female 4 (0.60) 6 (0.40) 10 (1.00) 9 0.22 063
36~40 30 (0.17) 7 (0.39) 10 (0.56) 9 s
Age 41~45 6 (0.33) 2 (0.11) 8 (0.44) 9 0.22 0.63
Educational Ph.D. 1 (0.06) 1 (0.06) 2 (0.11) 1
g‘t’:&‘;‘la Master 4 (022) 2 (0.11) 6 (0.33) 6 1.08 0.58"
Bachelor 4 (022) 7 (0.39) 11 (0.61) 12
Marital Married 7 (0.39) 6 (0.33) 13 (0.72) 14 0.07 078
Status Unmarried 2 (0.11) 3(0.17) 5 (0.28) 5 : '
Relisi Buddhist 5 (0.28) 3 (0.17) 8 (0.44) 8
gtlagt‘lj’s“s Christian 3 (0.17) 4 (022) 7 (0.39) 8 0.62 0.73
Others 1 (0.06) 2 (0.11) 3 (0.17) 2
Smoking 2 (0.11) 1 (0.06) 3 (0.17) 3
E‘Z::;g:‘sl Drinking 2 (0.11) 3 (0.17) 5 (0.28) 3 300 039
Mothod Exercise 5 (0.28) 3 (0.17) 8 (0.44) 6 : :
Others 0 (0.00) 2 (0.11) 2 (0.11) 4

EG1, 2: Experiment Group 1 and 2
exp. Expected probability of subject characteristics
“Frequency (%), “°Non-significant at P<0.05 by Chi-square test.
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Table 4. EEG, Stability Verification (Two times, 20 min. Term).
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1 2 3 4 5 6 7 8 9 AVRASD F Reject F ratio
* 24 26 25 26 26 25 24 25 26 25.2+0.79
EG1 3.43 1.38
2 24 26 25 25 26 26 25 25 26 25.3+0.67
™ 25 26 26 25 23 25 26 28 27 25.7+1.33
EG2 g 3.43 1.46
2" 26 26 26 25 24 25 26 28 27 25.9£1.10
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Table 5. EEG, 1% Experiment.

A1147 A43 (2025)

FD range 1 2 3 4 5 6 7 8 9 AVRASD p-value
EGI Pre 24 26 25 25 26 26 25 25 26 25.3+0.67
10 13 16 20 0.01"
77 Post 25 26 26 26 27 27 26 26 29 26.240.63
EG2 Pre 26 26 26 25 24 25 26 28 27 25.9+1.10
10 13 16 20 0.08NS
T @ Post 27 27 26 26 26 27 26 28 28 26.8+0.79
NS: Non Significant *: p<0.05
Table 6. EEG, 2™ Experiment.
FD range 1 2 3 4 5 6 7 8 9 AVRASD p-value
EGI Pre 25 26 25 26 25 26 25 25 27 25.6+0.68
10 13 16 20 0.08N8
G @ Post 25 27 26 26 26 26 26 26 28 26.2+0.79
EG2 Pre 25 25 26 25 26 25 26 27 26 25.7+0.67
10 13 16 20 0.003™
77 Post 26 28 27 27 26 26 27 28 27 26.9+£0.74
NS: Non Significant *: p<0.05
BN pre W post BN pre W post
29
29 29 29 s
28 28 28 ¢ -
27 27
27 27 ﬁ
26 26
25 T 25 25 ¢ 2
24 24 . 24
23 23
23 23 P=0.08Ns P=0.003**
= * - NS ’ '
- P=0.01 2 P=0.08 22 22
(a) EG1 (FD: 1.3-16 range) (b) EG2 (a) EGI (b) EG2 (FD: 1.3-16 range)

Figure 4. 1% Experimental groups 1 and 2.
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Figure 5. 2™ Experimental groups 1 and 2.
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