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Abstract: This study examined the effectiveness of ‘Forest Therapy (FT)’ from the biological, neurocognitive
and psychosocial perspectives. Adolescents who were classified as potential internet addicts took part in a FT
program for two (once or twice) or three days. Before and after participating the program, Serum Brain-derived
neurotrophic factor (BDNF), Comprehensive Attention Test (CAT), Children’s Depression Inventory (CDI), and
State Anxiety Inventory (STAI) were measured. It was found that FT led to positive consequences, indicated by
increased serum BDNF, improved CAT performance, reduced internet use desire, greater resilience, and better
social relationship. In addition, FT was partially effective in alleviating state anxiety level, when the participants
were classified in accordance with FT exposure lengths. Overall, this study provides evidence that FT reduces
symptoms related to internet addiction and promotes various qualities required for well-being.

Key words: forest therapy, adolescent, internet addiction, internet gaming disorder, brain-derived neurotrophic factor,
attention
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| (1) Approval of Institutional Review Board(IRB) \
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[(2) Selection of mentors and training them |

(3) Selection of participants and obtaining the informed written

consents

3

(4) Pre-test
- year of 2012: serum BDNF, CAT, KYS, CDI, STAI, RSC, ADHD
- year of 2013: KYS, CDI, STAI, RSC, ADHD, RCS
4

(5) Carrying out the Forest Therapy
- year of 2012: 3 days and 2 nights(twice)

— year of 2013: 4 days and 3 nights
| 4

(6) Post-test
- year of 2012: serum BDNF, CAT, KYS, CDI, STAI, RSC, ADHD
- year of 2013: KYS, CDI, STAI, RSC, ADHD, RCS

Figure 1. Research Procedure.
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Table 1. The change of biological variable(serum BDNF) : before and after FT camp.

Serum BDNF(pg/ml) N SD t p
T o Total pre 25 21987.23 5007.15 504 0019
camp fota post 2453327 4689.00 - :
T | pre 13 21468.77 3548.09 307 0158
camp post 2317031 4179.44 o :
T a3 pre 12 22548.89 6348.72 069 0,063
camp post 26009.81 4933.74 - :

*p<0.05, BDNF : Brain-derived neurotrophic factor, FT : forest therapy, camp total : participants who attended at least once in the camp,

camp 1 : 3 days and 2 nights, camp 3 : (3 days and 2 nights) x 2.
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Table 2. The change of cognitive variable (CAT): before and after FT camp.

CAT AQ M SD t p
OE pre 92.56 18.46 1706 0.101
post 101.44 17.54 o )
pre 83.28 2427 N
Flanker task CE post 9736 2412 -2.556 0.017
pre 98.64 10.70
CRT - ’okk
post 124.08 30.68 4.420 0.000
pre 101.64 1621
- 0.060
FT camp total FCR post 112.48 29.49 1.974
BCR pre 100.44 13.09 2071 0.049*
Working memory post 103.60 25.75
task EMS pre 101.48 14.96 0700 0490
post 112.48 27.74 e :
BMS pre 98.36 16.12 . 0,008
post 105.52 23.52 o )
OE pre 96.23 8.28 L1 0.29
post 101.15 18.79 o ’
pre 79.08 28.44
Flanker task .
ankertas CE post 9438 2321 1.67 0.12
CRT pre 95.00 11.94 538 0.03*
post 115.38 33.33 - :
pre 105.15 16.47
FT 1 .
camp FCR post 112.85 24.98 1.021 0.3
BCR pre 100.38 11.31 0607 050
Working memory post 104.38 21.38 : :
task NS pre 102.54 15.19 0,958 036
post 109.77 23.80 e )
BMS pre 99.54 14.18 0916 038
post 104.69 21.28 - )
OE pre 88.58 25.22 134 021
post 101.75 1691 o ’
pre 87.83 18.94
Flanker task R
. CE post 100.58 25.68 2.07 0.06
CRT pre 102.58 7.86 404 0,00%%*
post 133.50 2561 o )
pre 97.83 15.72
FT 3 .
camp FCR post 112.08 34.87 1.73 011
BCR pre 100.50 15.31 031 076
Working memory post 102.75 30.75 : )
task FMS pre 100.33 15.29 o8 0.07
post 115.42 3228 o ’
BMS pre 97.08 18.56 147 0.17
post 106.42 26.7 o ’

*p<0.05, ***<(0.001, CAT : Comprehensive Attention Test, FT : forest therapy, AQ : Attention Quotient, camp total : participants who
attended at least once in the camp, camp 1 : 3 days and 2 nights, camp 3 : (3 days and 2 nights) x 2, OE : omission error, CE : commission
error, CRT : correct reaction time, FCR : forward correct response, BCR : backward correct response, FMS : forward memory span, BMS :

backward memory span.
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Table 3. The change of psychological and social variables (craving/self-regulatory efficacy for internet*games) : before and after

FT camp.
Internet-games N M SD t p
. pre 3.13 2.79
Craving_ YN post 38 1.69 239 2.610 0.013*
. pre 2.52 2.54
Craving N 38 1.603 0.117
= post 1.79 2.56
FT camp total 6.58 558
Regulatory efficacy F pret 38 6.39 3.58 0.284 0.778
pos . .
Regulatory efficacy N EZ)Zt 38 gzi ?Zi -0.240 0.812
Craving YN Efst 13 ig igé 0.108 0.916
Craving N pret 13 :'ig i'gz -0.550 0.592
0S . .
FT camp 1 P
Regulatory efficacy F Ef)est 13 Zii i;? 0.598 0.561
Regulatory efficacy N Eg;t 13 ggi i;i 0.227 0.824
. pre 4.55 2.99
C YN 0.040%
raving_ post 13 205 240 2.306
. pre 3.67 2.19
C N
raving_ | post 13 204 549 1.992 0.070
FT camp 2
Regulatory efficacy F E f)est 13 222 ig 0.837 0.419
Regulatory efficacy N EZ)Zt 13 ?:i iig 0.865 0.404
. 3.12 2.72
Craving YN g)est 12 136 1.96 2.329 0.040*
Craving N pgzt 12 ?Zg ;ig 1.759 0.106
FT camp 3 . 551 2?5
pre . :
Regulat fti F -
ceuatoly eticacy. post 12 725 3.23 1731 0111
pre 6.08 2.38
Regulatory effi N -
egulatory efficacy | post 12 708 204 1.687 0.120

*p<0.05, FT : forest therapy, camp total : participants who attended at least once in the camp, camp 1 : 3 days and 2 nights, camp 2 : 4 days
and 3 nights, camp 3 : (3 days and 2 nights) x 2, YN : from yesterday till now, N : now, F : future.

5. ME|AIE| M= &9 M3HCDI, STAl, RSC, RCS,
ADHD)

AHE X 3ol Fod gk At AAE e ®E A
Fhod o] . o] %ol S AAtE] A WS ¥t 2
KTable 4), RSCAIA FAZ o] o] 4 (M=52.47, SD=23.68)
Kt} o] F(M=58.71, SD=26.51)° F&Jn|}A 3]& =
q ALt Folr Ao Z B3R vHi(37)=2.052,
p<.05], == 2] CDI, STAI, ADHDo|X & A oE 2Ju]
AE G3kE Ho|X] Shth(ps>.12). AHHAfF A =F
ol whet sk 7 FekelA A - A1 E WA E
BF AToZ A - F vt Ax, 3z 29} 73 39

3T

¢

STAINA #H7A}E0] %

o] A= o
FAASZ fo5td Ii‘r(p
g RCS Oﬂ/ﬂ AN =

o A7zl

o] MKt} vk

.
A=

1}o
A

13
.05
7

le\i!_&

SEE TR

U-—-U

, AE 3N =
LB

x
o 1 2

= o] o wiQlAA 7}

Ao i;s}o thz =-1.963, p=.05).
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Table 4. The change of psychological and social variables(CDI, STAIL, RSC, RCS, ADHD) : before and after FT camp.

Psychological and social variable N M SD t p
pre 18.97 6.71
CDI
post 37 17.65 7.54 1415 0.166
STAI pre 36 40.97 12.13 1577 0.124
post 37.94 13.55 : :
FT camp total
RSC pre 38 5247 23.68 2052 0.047*
post 58.71 26.51 - :
ADHD pre 38 16.76 10.73 1.173 0.248
post 14.82 11.43 ’ ’
N M SD z P
CDI pre 13 21.85 669 1392 0.164
post 20.23 725 o :
STAI pre 13 42.38 11.36 0.906 0365
post 40.31 13.76 e :
FT camp 1
RSC pre 13 42.38 23.74 0.196 0.844
post 45.85 26.97 - :
ADHD pre 13 1985 11.05 0.625 0.532
post 16.46 10.88 e :
CDI pre 13 15.46 6.12 1250 0211
post 14.15 7.05 o :
STAI pre 13 3685 8.83 1.787 0.074
post 35.23 15.57 o :
pre 67.15 22.65
FT camp 2 .
camp RSC bost 13 2638 o 1.468 0.142
ADHD pre 13 13.69 971 0.133 0.894
post 13.92 12.26 e '
RCS pre 13 97.08 21.98 1.963 0.050
post 105.54 19.20 o :
DI pre 1 19.73 598 0.358 0.720
post 18.73 7.48 e '
STAI pre 1 44.27 15.17 2.081 0.037*
post 39.64 11.16 - :
FT camp 3
RSC pre 12 47.50 17.58 1201 0.230
post 53.50 19.86 o :
ADHD pre 12 16.75 11.36 0.786 0.432
post 14.00 11.89 - :

*p<0.05, FT : forest therapy, camp total : participants who attended at least once in the camp, camp 1 : 3 days and 2 nights, camp 2 : 4 days
and 3 nights, camp 3 : (3 days and 2 nights) x 2.

= Aad JdHYTE AEES e ARAfeEe 7V AR EAE FReke WEld muke e 9
AMZL HEg2S 83t AETHA, 217A0X4 9 A = (Angelucci et al., 2013; Geisel et al., 2012), 28] %
AR A Q] theFgt WA 1 g 35 FolR i bl EAE5E A E(Lu et al, 2010)°914 BDNF2] 5712 1
oJm| 7} 9l A=, ol Fedl 93 FA4 2EY 2o Wojshs 7]
HA AEsHE Z=Hox 3 BDNFE S5t A A= Agaigieh. 1ZA| T ook tiRH o2 JAHUF
A5 ] A - S5 v Ay, AR foju|et = o} BA JobS vlaet Aol = €% BDNF
T F7He BAL, AFA ol ok =& o2 g Ao 2|7t gt AHE B 92 (Geisel
M3 A et al.,, 2013), & A-Fol|A X Fo =&H 7]|7ke] 7]

HRolA e AP 5 = Fo] o wakd 7
o

2
w328 el Rt S/ S BT dHUESS el 2 304 BDNFe| S7H 2 59573
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#

2 FHe] gk A57F EA) 8k (Elzinga et al., 2011,
Mitoma et al., 2008), =3t ' AFoA] AR F9] &~
Eg X 38 9 gdX gapt HAET Q7] o)t
(Morita et al., 2007; Park et al., 2007, 2008; Tsunetsugu
et al., 2007).

o2 AARIA A Zd 011"1 7L7}Z}%«l ol W

S5 A A, Az 3}
7F S7He, AT e
oA 4= 19 vlsh A= 3
PP AFYE Bol7I= A} Hartig S(Hartig et al,
2003)9] AollA EAS AL SATH Hwate] 2k
oA AL 7A-oll Fole Ao e e A
AR|sk= Aol gk, 2 AgrolA] AR f A o]
$oll @3 BDNF7} S7Hsh A3t B3 o] 9} tEo] U3
HA sl 2 4= e, BDNFF 91415 7155 3e] &
WA Adsto, AAEF o] Fof IAF 7|5 B I
BDNF7} S7Hlth= 74 ¥ (Ferris et al., 2007; Griffin
et al., 2011)E°] %3, Shimada 5(Shimada et al., 2014)
o Aol e B BDNF7E she 2144 3] 4
ot Aol grke AFE Hus|E dck £ Aol
o] BDNF 271384 5 41749044 Zuvizte] 2o
Qe 37109 ATE FE wEAF] B Ao
= A7k,

HX o 2 AelAls)
FA S B A} 7ol
o2 KYS % #AH A
oJv) = =ol7} Yok,
ol A 2 Feke] KYS ¢ STAMV %ﬁﬂé ¥
HP, A 3 o] STAIIA f-oluleh a7t A%
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