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Study on the Restorative Benefits of Green Exercise in Sports Parks
Utilizing Immersive Virtual Reality Technology: Taking Walking and
Running Sports as an Example
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Abstract

The rapid pace of modern urbanization and fast-paced city life has increased the risk of mental illness and chronic disease
among urban residents. Studies indicate that exposure to restorative natural environments and physical activity are both crucial
in promoting residents’ physical and mental health, and green exercise is an emerging area that integrates the two. This study
thoroughly examined the walking and running exercise zones of typical sports parks in Hangzhou, utilizing immersive virtual
reality technology to establish a highly engaging experimental environment. Using the SPSSAU platform, statistical methods
including box-and-line plot analysis, repeated measures ANOVA, main effects analysis, interaction effects analysis, Bonferroni
post-hoc multiple comparisons, and simple effects analysis were implemented to investigate the effects of three levels of green
visibility and three forms of contact on the restorative benefits of green exercise. The findings reveal that both the level of green
visibility and the form of contact influence restorative benefits to varying degrees and are essential factors affecting the restor-
ative aspects of green exercise. There exists a synergy between the interaction effects of green visibility level and contact form
on these restorative benefits. This research employs immersive virtual reality technology to enhance the ecological validity of
the experiment while maintaining precise control of the green visibility level, aiming to comprehensively explore the relation-
ship between exposure to the natural environment and the development of physical activity. This innovative approach seeks to
establish a reference for the green visibility standard aimed at improving the restorative benefits of exercise environments in
sports parks.
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Tab. 1 Statistics on subjects' recent physical activity, perceived stress levels
HHE FriE4E =BE4H IR RA SENEA
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UL TES) (P4 + brifeZE) / (MET-min/w)

2052.43+1133.68 2106.50+£1193.65 2089.43+1 110.15
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blin Ul )Y -
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Tab.2 Experimental indicators and measurement tools
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I H7KF OMRON H - fil iz
A j;f f Frgo LAB A AL (L
HEIRF FFREETREIIA
T iy IES R R
HERF BRI AR
BB TN 5 R U 57 B A

3 G EFEART X IR FEARAT N T B 47
Tab. 3 Analysis of main & interaction effects of level of green visibility and form of exposure on
physiological indicators

okl i ;7:1 T)i DEgEEf of I\i/’lge?w F p
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Fig. 4 Comparison box plots for each level of each factor
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Tab.5 Post hoc multiple comparative analysis of heart rate variability by level of green visibility and
form of exposure

iy AR EHAE

HEEE FRAEIR

Index be?v?/ge%agfcﬂps Segmentation level Mean difference  Standard error p

A B — T 32,201 4388 0.000%*
R AT — 18 B -49.100 5.264 0.000%*

SDNN B8 -16.899 4.825 0.003*
TCIREE TR 2 -17.878 8.131 0.080
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TCHEE T Hi— KLk ER -29.310 11.687 0.039*
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Tab. 6 Analysis of the simple effects of level of green visibility and form of exposure on heart rate

variability
AR I HEEE FRFEIR
Index Segmentation level Mean difference Standard error
TCHREE T Ti— ka5 3.524 8.847 0916
AL TR — sk 8.776 8.847 0.585
IER R — sl 5252 8.847 0.824
TCHREE T Ti— ka5 -18.100 11.119 0.242
St TR — sk -4.562 11.119 0912
RER R — sl 13.539 11.119 0.448
TR T—{RaRA 2 -39.059 11702 0.004*
N TR — sk 28.116 11702 0.050*
SONN G — R 10.943 11.702 0.620
T —AT 20.546 7.600 0.024*
TG T AL — 128 22.608 9.117 0.042*
P12 2.061 8.358 0.967
AT — AT 42171 7.600 0.000*
(5 IIES FRAL B — 128 -65.191 9.117 0.000*
Br—1E 23.020 8.358 0.021*
FRAEWH—PAT -33.885 7.600 0.000*
[t A W — 5 -39.500 9.117 0.000%
BAi—18H 25615 8.358 0.009*
TCIRE TR 2 2731 12.917 0.976
A TCREE T Ti—is iR 10.608 12917 0.691
G — R 7.877 12.917 0.815
TCIRE TR 2 38.547 15.933 0.049*
$47 TG T Ti—s iR -15.714 15.933 0.588
KGR — sl 22.833 15933 0.331
TCIRE (IR 2 52115 16.511 0.007*
el ToF s T i 2 -50.061 16.511 0.010*
RMSSD ﬁéim%—%éﬁ{r% 2.054 16.511 0.992
WA B — AT 9722 12.518 0719
TR FAL A b T—18 -17.186 13.030 0.391
BAr—i 7464 9.943 0734
HA ST —AT -51.000 12.518 0.000%
is53iES AL B2 -72.031 13.030 0.000*
Prr—i 21.031 9.943 0.096
A ST —24T -36.044 12.518 0.015*
[ FRAL A B 18 -77.855 13.030 0.000*
Brr—ii -41.811 9.943 0.000*

RERSNBER, REMXER, I
BT AR, BUNE. STAgHEEE
FHTE, THE T (RENRMSFAE
HEEFRYTE. (3) BEKTREEMLAR
ZIREIMAMET, SEUREARERS
HBEKYE, REMARAR 2, TINETIAE
B BRI T. B AN S R 4E 8]
ERTE, THET MEAEHSENE
AEZERDTE. (1) PTERAERRMEHE
MR T BRI TS A 8225710
BE, FNESNEKFABERIFTEE.

3itit
31 MR xR E MR AR R
MTRGREH, EREAN T OXER
M. RANBRES. R0, [BEX. BEKX
FANEE MR G RAOFIMAEEE M. H
B, DR FESDIFER. REHLBMNEEK
FRRRAL N7, BRI R AN 48 8]
ZREE; OFEZERM (SDNN, RMSSD, LFHFHE
15) AR BEROAE R IR RA
BANE. STMERABERYTE. TR
W2, £R L FTR, AR BR T MR K
SEONFELE IR R RSB B N, FER
BEBELRDTER, RPARBAERER
IBHLEPITHRIREMEREE KR, FITHER
AETHRAOREM K, BIIREM M
FE AR = RIZIE AL N IR Tt 1XRR
BRI RS R BIRE N B
B ENREMM TR ARETN. X580
B RXTAEBRIMEPHLEHTHRN
mEMgHERNELBT " K%
NTARAERENRITEE, XBPT
512N E)R R E S SRR A
BT, DB MBS EIRIZUA0ESRE, T
NERER BRI — N A#E5IEE.
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% kA&
£t IKE BiEzE FREIR b
Index Segmentation level Mean difference  Standard error
TCIREE THi— k&l % 0.057 0.186 0.951
FRAlE UL TCREE THi— sl -0.096 0.186 0.864
TERR e —m i -0.153 0.186 0.693
TR Fi—Ik e = -0.137 0273 0.871
EZiT TG TF—m sl R 0.112 0273 0.912
TR R — S 0.249 0.273 0.636
TCIREE TR &kl 0.382 0.222 0.206
ki) TCREE T Ii— il 0771 0.222 0.003*
LE/HEF IERR R —m Sl 0.388 0.222 0.196
FRAE S —24T 0.655 0.207 0.007*
TCSETF I AT —12 8 0.678 0.192 0.002*
Pir—12i 0.023 0.170 0.989
Eral W —PAT 0.461 0.207 0.074
g5l Al B — 15 B 1.004 0.192 0.000%
AT 0.542 0.170 0.006*
B —2AT 0.863 0.207 0.000*
[l FRAl T — 15 B 1.545 0.192 0.000*
P12 0.682 0.170 0.000%
TCREE TR ekl 4712 9.986 0.885
FRAL UL TCREE THi—i 2l 7582 9.986 0729
TG R —m Sl -12.294 9.986 0.440
TCHREE T i— ket 2 25.073 14.945 0.223
EZnY T F sl R -14.468 14.945 0.600
IR — Sl 10.606 14.945 0.759
TEREE T i— Ik ekii 22 -44.092 12.052 0.002:
i) TS TFH—msi R -39.629 12.052 0.005*
- TG A —m S 4463 12.052 0.927
Al — 4T 27076 10.186 0.027*
TCSE T FRALI T —1% -11.851 8.403 0.342
Pir—I2i 15.224 6.716 0.069
ERAE S — 4T -56.861 10.186 0.000*
e2ng i e L) -60.655 8.403 0.000*
AT 3795 6.716 0.839
TR —P AT 33.961 10.186 0.004*
AR Al A B—1% -43.898 8.403 0.000%
Prr—I2i 9.937 6.716 0.308

i HhRp =005, K2 BFHAF,
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Tab. 7 Post hoc multiple comparative analysis of surface electromyographic signals by level of
green visibility and form of exposure

_ 470\ %
Comparison

57K BEZE FRAER P

Index between groups Segmentation level Mean difference  Standard error
HAL L — 1T 3.893 0.923 0.000*
et FRAL LT — 12 2.862 0.929 0.009*
Fir—8 -1.031 0.558 0.164
. TEIREE T F— R -0.847 1.092 0.719
SR TR T —m sl -0.740 1.092 0.777
IR FE—m il 0.107 1.092 0.995

E: MR p<0.05, A £ 2 EF KT,

*8 FMBKEMEMA XN IBERNERZE LRSI
Tab. 8 Post hoc multiple comparative analysis of green visibility levels and forms of exposure on
psychological indicators

iy AR EAKE BEEE  ER
Index between groups Segmentation level Mean difference  Standard error
A E—5 4T 1.876 0.466 0.000*
Bt HRAB I H— 5 3.343 0.464 0.000*
SR PAr—12i ‘ 1.467 0.284 0.000*
TCIREE T Ti—{R &t 5 3.323 0.760 0.000*
LANEIKE  CIRE T Il makiiEe 3.862 0.760 0.000%*
MRERA S — a2 0.539 0.760 0.759
A —4T 2767 0.500 0.000*
il FRAA L B— 5 -6.317 0.960 0.000%*
[POP— Fir—12 ‘ -3.550 0.756 0.000%*
TCIREE T 2 -4.300 1.641 0.030*
Sk TR T s -8.533 1.641 0.000*
KGR —m a2 -4.233 1.641 0.033*
AT — AT -0.983 0.252 0.001*
B A B — 1% B -1.700 0.352 0.000*
12 0717 0.343 0.101
Rk TCIREE IR % -1.817 0.663 0.022%
U] S N 7 2 =10 (R 3.467 0.663 0.000*
(RERIL S — a3 -1.650 0.663 0.041*
A E— 4T -1.917 0.301 0.000%*
B ERA W — B 2933 0.391 0.000*
e B Pir—I2i -1.017 0.304 0.004*
5 I TG T Ti—{R &t 5 -0.950 0.568 0.225
LSy S 9873 a2 S -0.650 0.568 0.492
MREFA S — a2 0.300 0.568 0.858

i SAAp<005, k5 B FHATF,
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21% ~35%IL %:36% ~ 60%-.
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41 451t
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