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Effects of Nature Sounds in Children’s Parks on EEG Changes and Stress Recovery among University Students’
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Zola} vlgo] Higkaa] 88%, BlAE] 92%, AAiE] N%E 71 =S IS Btk A A B4 Au 54
Holke] A duigrol 7Fg =A] Uepstom, AR o] $iskke S50 7 & Ao SRlwqlet ¢ vt
T 7 Yot Aloks AAShE ATFE Bl Bt 7 @Al v 24 Adupt 42 sAS ARk 2 A
T EARS A AA H3e S-S ZEote] A7 A=l wE Aed AEHA 9435 BE FEG R4S Bl
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ABSTRACT

This study examined the effects of nature sounds recorded in urban parks on stress reduction in university
students using electroencephalographic (EEG) responses. Wind sounds, rain sounds, and bird sounds recorded
in children’s parks in Gangneung, South Korea, were used as auditory stimuli. EEG signals were measured in
25 university students before and after auditory stimulation under controlled indoor conditions using an
eight—channel of QEEG-64 system. Relative power across frequency bands and the RAB, RAHB, and RST
were analyzed. Relative alpha activity at individual electrode positions and brain mapping were also examined
to assess relative alpha activity following auditory stimulation. The results showed that relative alpha and
theta power tended to increase, whereas relative beta and gamma power tended to decrease across all nature
sound conditions. In particular, relative alpha power increased significantly following exposure to rain sounds
(¢ = -2740, p = 0.011) and bird sounds (¢ = —2.848, p = 0.009), while relative beta power decreased
significantly following exposure to rain sounds (r = 2.542, p = 0.018). RAB, RAHB, and RST increased
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significantly across all nature sound conditions. The mean increase in RAB was greatest for rain sounds
(0.305), followed by bird sounds (0.299) and wind sounds (0.255). For RST, the proportion of participants
showing an increase from pre—exposure levels was 88% for wind sounds and 92% for both rain sounds and
bird sounds, showing the highest consistency among the analyzed EEG indices. Analysis by electrode position
showed that relative alpha activity was highest in the parietal region, whereas the greatest change from
pre—exposure levels was observed in the temporal region. Interhemispheric differences in relative alpha activity
also tended to decrease, suggesting the possibility of a more balanced pattern of brain activity. This pilot
study investigated the physiological stress—reducing effects of auditory stimulation using nature sounds recorded
directly in urban parks through EEG analysis. In particular, frequency—specific relative power, stress—related
EEG indices (RAB, RAHB, and RST), electrode—specific relative alpha power, and brain mapping were
comprehensively analyzed to characterize changes associated with exposure to nature sounds from multiple
perspectives. The findings may serve as baseline information for urban park planning and management that
considers the auditory healing functions of urban parks, as well as for health promotion policies based on

green prescriptions.
Keywords: Urban Park, Nature Soundscape, Auditory Stimulation, EEG Analysis, Stress Reduction
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high beta, 20-30H2)E EA45}9ic}. E5H Hu} HelE 2|4slsle] a8z o2 nlolsy] ¢15] RAB(ratio of alpha
to beta), RAHB(ratio of alpha to high—beta), RST(ratio of SMR to theta) & Z45I%ic}t. RABS} RAHB2)
S7F= Z7F vk 4 stoluefel| Hlof guhut Sgo] drijdor Akl AoR ojgkt 1P o5} kel W
315 omos, RSTO| F7h= Aletute] Hloff SMRute] o] LAl Zo& P&l F9] Ao Z3tE 9
njRkek olet 9 A= Al Guigke] #gt EAS EASIY Brainmap ZETIHS Foll AlSlelSict A
O] A2 Shapiro—Wilk A& Foff eloslom, F7Hor Ui W49] i (skewness) E ke (kurtosis)
£ W eSS AR ARl Bisle tISBE et B BA B B dYe ofg
[RB(Institutional Review Board)2] AP 5I(GWNUIRB-2024-33)2 Rl S=35}ich.
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3m 30s 5s 30s 5s 30s 5s
ior- ifi Baseline EEG 0
Wearing EEG Ca Malor-specifc measurement Lol silence R il LIz il X
g p exa.m sound oo silence sonnd silence Repeat X 3
questions (eyes open)
D i et >
Wearing earphone
. ) D I e -
<+ Experimental protocol EEG measurement

a: Experimental protocol

i o JJJJJJJJ JJJJJJ * Experimental booth : 2.5m(W) x 2.5m(L) x 2.2m(H)
isosNoloNNNEENE —] VTR space with ventilation system(Temperature (20-25°C),
el - O Humidity (30~60%) maintained)
b: EEG Measurement-QEEG-64 (LAXTHA, ¢ Calibration and measurement d: Experimental booth

Korea), Wearing 8-ch EEG Cap

Figure 1. Auditory stimulus measurement protocol
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b: Wind sound 2

a: Wind sound 1

¢ Wind sound 3

d: Rain sound 1 e Rain sound 2

f: Rain sound 3

g: Bird sound 1

h: Bird sound 2

Figure 2. Waveforms and spectrograms of the wind, rain, and bird sound stimuli
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ot 9] el E2slol(Hong et al,, 2003), &2 248 a¥6k= o] & BAVE $le Ao2 mosioict
HIATEY Q5 APAZE o] ARSREe] HSkE(%) S B4R AlFigure 3 &%), AT Alektat A duigk
2 BE A0 /1510w, Aldh Mekln A ek AR e ZEe ehiick A Lokt
L RE AQof FTIsIAeH, Ea] HlAE(r = -2.740, p = 0.01De A& = -2.848, p = 0.009)°4 &
AR §olgt Z7bt SIslgIc A dlekEe AR 2l Hls) Ao gaskion, WAl -
2542, p = 0.018)°]ATt SAH = FORt 2ol Lelitt.
Wk} AR thedom Fste] B A3, SMRuke BE Ag0lM Fleion 2712 Eg /by 2
Al etk B A stoldERts BE AdselM dashs B3 Bion, AadlE ARt 2014 5
4 fiopo] Stelsioleh 4e) sl o) BE Agold ashe HIE Uekiort SAK0z fol
Aol helslA] ololet
WiHOR gl Z7Ks AR Pk olgh e, Heln), S5 slolulete] Z7K= 7t 2Ee e
a: Relative theta power spectrum (4-8 Hz) b: Relative alpha power spectrum (8-13 Hz)
e 0239 0220 023 . 0072 ,«LQ-, n&u nf.
E o v e 0.215 ;’“ 0063 0063 ;
:.
0.165 ‘ m
0141 o158 0.144 - oo
t=1.839, t=2.542, t=1.513, 002 'P;:;ﬁésgml -»JZEE?M 'P-;Zﬂvom
¢ Relative beta power spectrum (13-30 Hz) d: SMR (sensorimotor rhythm, 12-15 Hz)
F o oo oom : T
B (oo “ 0.078 =
i et e - S S T
Baseline value Wind Rain Bird Baseline value Wind Rein R
e RMB (relative mid beta power spectrum, 15-20 Hz) f: RHB (relative high beta power spectrum, 20-30 Hz)

Figure 3. Power spectral analysis centering the relative alpha and beta band activity by nature sound type in the park

Legend: x Mean, — Median

Normality test. Shapiro-Wilk [RA (pre-post): Wind (0.916), Rain (0.029), Bird ({ 0.001), RB (pre-post): Wind (0.370), Rain (0.158), Bird (0.224)], Skewness &
Kurtosis [RA (pre-post): Wind (-0.44, 0.36), Rain (-1.21, 2.06), Bird (-1.34, 1.01), RB (pre-post): Wind (-0.19, 0.97), Rain (0.57, 0.59), Bird (0.57, 0.01)]
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5 Wgoke diEAQ A=z FoA Sl mep 2 Aol geld gl dutute] F7iet A Hiet 3 solH
Efute] Aas AdE eEo] A olght AEFA i) FHAY IS viRES AKRITL olefRt k=
Adgo] el 2Ed: SES sk "13;‘4 S FRAIT B Annerstedt et al.(2013)2] A7
Aot FAEm], TAFHA Mt s} o AeE AR B Zhao et al.(2020)9] At
Ot fARE B3 WERd,

3.3 EEG 3} 2 22 2

EEG #islo] et 39 %4~ RAB, RAHB, RSTof| tgh &35t EX(Table 1, Figure 4 ¥2)-& AAJSIYTt RAB
off thet the3 rtest Ak, B AAS R ARE Bdtgto] ARETE felobA] S7kellom, v (s =
=3721, p = 0.001), 94 = -4312, p < 0.001), Ha( = -3.704, p = 0.001) 2ZF FAHCR GOt
ZolE Uehitt. B /1L Hl42](0.305)7F 7FY 71em, ojo] Aj4a](0.299), vR4E](0.255) 0= ekt
t}. Boxplot #AelAE Al 2FAE 27 B ARE SUdght AR ISPt AkE o= Ak o) Fdk= OWOI Rl
E|oick E3E RABZF 37Kt ojat g2 vigkae|et glaejell 22 76%, Maelelld] 2% veht thiie,
WP AdE kE § YT e WstE Btk RABE AthaRl dnt &4 7ot ek 24 z}i‘; 5
Alo]] Hldal= A ER Zto] ZR= Al2]d o|gh AEFA ZAAE onjsi= Aog dalA QthKlimesch, 1999;
Wen and Aris, 2020). WA 2 AollA] ER1E RABY| $7H= S eZ o] ZHARl 7] 420] gslet
Het QPgE A Adelell Fakoke EEG §hgo] UetaS ARt
RAHB 9] BE g 270049 A% Batgho] S7ketolet. 83 rtest At vigtael(r = -3.973, p
< 0.001), BA2|(r = 4495, p < 0.001), A&2(r = -3.650, p = 0.001) Bl AFA o] AL #isht &

Table 1. Paired-sample t-test analysis of RAB, RAHB and RST changes (pre-post) by sounds

Paired difference Significance probability
Division Standard | 95% conﬁde.nce interval el Degrees of
Mean |deviation|  Of the difference freedom | Tiwo~tailed probability
(SD) | Lower Limit Upper Limit
Wind (pre-post) | -0.255 | 0.343 -0.3% -0.114 | -3.721 24 0.001"
RAB | Rain (pre-post) | -0.305 | 0.353 -0.450 -0159 | -4.312 24 (.001™
Bird (pre-post) | -0.299 | 0.403 -0.465 -0.132 | -3.704 24 0.001™
Wind (pre-post) | -0.8637 | 1.0869 | -1.3124 -0415 | -3.973 24 (.001™
RAHB | Rain (pre-post) | -1.0108 | 1.12427 | -1.4748 -0.5467 | -4.495 24 (.001™
Bird (pre-post) | -0.9129 | 1.25077 | -1.4292 -0.3966 | -3.65 24 0.001™
Wind (pre-post) | -0.0691 | 0.07583 | -0.1004 -0.0378 | -4.559 24 (.001™
RST | Rain (pre-post) | -0.0697 | 0.06674 | -0.0972 -0.0421 | -5.221 24 (.001™
Bird (pre-post) | -0.0813| 0.08623 | -0.1169 -0.0457 | -4717 24 (.001™

"p ( 0.01, p ( 0.001

a: RAB

b: RAHB ¢ RST

Figure 4. Boxplots of RAB, RAHB, and RST values by nature sound type in the park

Legend: x Mean, — Median
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Qo] AHEOR Aokn Rt R oSSR PP Rl hriel el $UT e Wbt eke
o)

& QI 4= Qloith AR RAHBZF 2713t Foizt ulg-L uigtae

80%, HlAe] 6%, M 68%= LR

ot RAHB= ot 24 371t 9 2B~ 9 Eebat e sjoldel 24J9] A HdAag Wigshs A#E,
ol E71e 24T 124 Alele] §51E ou|gtc(Engel and Fries, 2010).

RSTE AZheBekSOMRITH Al 5] Al 23S ot

b r:u rulm

2le = 4717, p  0.00) ZFIH FAHOE folat Aol s

AmA Je Foloh s 24 A

”47}01*— o] Z-gHcKLubar, 1991; Arns et al., 2014). RSTo|| tigh B4 A3l RnE e XA AR 3
o] S71oKAtE IR t—test Aul, HREAD(r = -4.559, p < 0.001), HAZ|(r = -5.221, p < 0.001), M

5404 oui _\g_‘iL 5_7]- /\H_]_a(o 081)7]'

R 21 Uelstel. Boplor #AME A 238 27 2 Sagle] AK5S A R 4 olsshs 4

& Hol Z%s =& § RSV i oR J7ishe 73e okl +

ETM

it 53] RST7F S71et ozt wla2

O
VRR) 857, S 9% A4 9 SOILD. TV S S Ueblel, P ke A1G 2 o
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