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ABSTRACT

The Effects of Golf Exercise on the Brain Activation and

Stress Hormone in Middle School Boys

Kim, Nam Hun
Advisor : Prof. Song, Chae-Hun, Ph. D.
Department of Physical Education,

Graduate School of Chosun University

The purpose of the current study was to investigate the effects of
golf exercise program on the brain activation and stress hormone in
middle school boys. Thirty middle school boys were divided into golf
exercise (n=15) and control group (n=15).

The golf exercise program was carried out under the condition of RPE
11-15 for 120 minutes, 3 days a week for 12 weeks.

Brain activation(electroencephalolgram: theta wave, alpha wave, sensory
motor rhythm wave, mid-beta wave, high-beta wave) and stress
hormone(cortisol, epinephrine, norepinephrine) of all subjects were
measured before and after the program participation. All data were
expressed as mean and standard deviation and also two-way repeated
measure ANOVA and paired t-test was performed to test the significant
levels of differences within and between groups by using SPSS program.

Significance was set at the a=.05. The results are as follows.
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First, for a change in brain activation(electroencephalolgram) after golf
exercise, the exercise group showed a significant difference in left alpha
wave(p<.05), right alpha wave(p<.05), left sensory motor rhythm(p<.05),
right sensory motor rhythm(p<.01), right mid-beta wave(p<.05), left
attention concentration(p<.05) and right attention concentration(p<.05).

Second, for a change iIn stress hormone after golf exercise, the
exercise group showed a significant difference in cortisol(p<.01) and

norepinephrine(p<.05).

Our findings concluded that there were significant brain
activation(electroencephalolgram: left alpha wave, right alpha wave, left
sensory motor rhythm, right sensory motor rhythm, right mid-beta
wave, left attention concentration and right attention concentration) and
stress hormone(cortisol, norepinephrine) middle school boys after golf
exercise program participation. Thereforeit 1s recommended for middle
school boys to participate in regular golf exercise to improve the brain

activation as well as to decreased stress.
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<Table 1> Comparison of physical characteristics between two groups

Group Number Age(yrs) Height(cm) Weight(kg)  BMI(kg/m?)

Exercise
15 14.86+0.24 169.69+5.90 70.69+18.55 24.63+6.84
Group
Control
15 14.76+0.29 168.25+6.03 67.64+15.16 23.78+4.43
Group

Values are meantstandard deviation
BMI=Body Mass Index

}é]
& Ave F= zZeade] oyt g Sl ¥ @48 8 ~Eds 52
T FFe vACAE e AEATE o] FofH BE AT Fof WS
2 Ex Z2ad ol A o dAshH sk AEts), ke dee 8 Fe T A
E Z, oIl 23, w2 guZ)S HAsAT &5 A A7 7t

i)
[
folr
i
ri
K
u)
i
2

Collection @ chosun



Group classification

Exercise group (n=15) Control group (n=15)

U U

Pre test

1. Brain activation
- Electroencephalolgram(Theta wave, Alpha wave, Sensory motor rhythm wave,
Mid-beta wave, High-beta wave), Attention concentration index)

2. Stress hormone
- Cortisol, Epinephrine, Norepinephrine

4

Exercise program

Golf exercise program (3days a week for 12weeks)

U U

Post test

1. Brain activation
- Electroencephalolgram(Theta wave, Alpha wave, Sensory motor rhythm wave,
Mid-beta wave, High-beta wave), Attention concentration index)

2. Stress hormone
- Cortisol, Epinephrine, Norepinephrine

<Figure 1> Experiment Design
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%), 7-1257% RPE 13-15(somewhat hard-hard; °F7F d&-3&:)2 AAERoH
RPE?2] %X o]-g&3ato] AL T wHS HAASATH

TFA A xR 1:WE <Table 2>, <Table 3>3 Zt}

rlr
2
oo
~N
l

<Table 2> Exercise program

= SEAE
:IL?: 7]Zl'(T) 144 ’EoL (I({)P]%:)
=z (e}
TRET 11z - zEdR W AARE A
g~ 58 x 10ME
- SFEZ 29 103 x 204 E
=6 Z *%1 108 x 204 E 11-13
- 6% & 9% F¢d
(100%)
=g~ 103 x 10AE
S A% 1203 x 204 E
12 = *%1 203 x 204 E 13715
9% & 18% #¢d
ANEE 11z - zEdd 9 AARE AR
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<Table 3> Golf exercise program

Fod Eqd dod
1= a9, =g , A= . , =g
T 1/4 2= -1/4 29, 2/4 29 -2/4 29, 3/4 29
colEg s sl coj=Eg s
2% | - OE & E 29 CBE & E 29 ST & E 29
(79 o}o]<l) (T o}o] ) (59 ool )
colEg A coj=Eg coj=Eg
35 CEE & E 29 ST E & E 29 ST & E 29
(& ofo]3) (3= ofol<l) (3= ofol<l)
colEg s sl coj=Eg s
47 | - FE & E 29 ST & E 29 ST & E 29
(F= & =dolH) (F= & =dolH) (F= & =dolH)
soj=Eg s cojEg A~ cojEg A~
57 CEE & E 29 ST & E 29 S E & E ~Y
- A g - 94 - 94
65 6% FHed - 6% FHed - 9% #Hed
7= colEg s coj=Eg coj=Eg
TRz & E 2y T & F 29 I & E 29
o o= ol=ds olmela
8T o - T ae CBE & EF 29 CBE & EF 29
- ol & E 24 N N
(= A (= A
colEg s sl coj=Eg
95 CEE & E 29 ST & E 29 ST & E 29
(o= %] AF) (o] ZZ A AF) (ZBAFA] AF)
soj=g s cojEg A~ o=~
107 | -3z & =9 OHE & E 29 T & E 29
(ZAFA] AE) (B2 & Hoj= AF) | (E2F & Flo]= Ak
colEg s sl =g~
nF | -3z & & 29 ST & E 29 CEE & E 29
- 94 - 7 g - 7 g
125 - 9% #ed - 9% ged 18% #ed
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A s= A %3 ¥ 9 (Quantitative Electroencephalolgram, OEEG)
S SAs S48 G . ()= Al 78 -4 (Neurofeedback System, Brain-tech
Co., Korea)ollAdl 713 2 Channel System ©]%2] ¥ 3 24 7](Neuro Harmony,
Korea)& AR&3dte]l A3t vlo]HE s, 54 T35 ®9l= 0-60Hz, 0-100pV
o] Welel A FA4 et

vz 128X &, 10bit S == WEste] fxd A5 E F3 A
Ao AFES H3} A Systeme A AAFOR JM Hol ALEEH

R

rr

)

1
)

wup =3 WA el Grass System(Grass Technology, USA)¥} - §-3 w4
(alpha, a)3}, AlEl(theta, ©)3}, ®El(beta, B)I}F Fhol ek A3IAF7F 916(p<.001) o =
Hixo] A5 =rt JFEATHEHEZ, 2000).
HuE FA457] fall o5 Aol (la, FRHe WaE WA ¥e SHE es
&

dgste] ¥atE ZRSAATE HaE FPATRE, Z4 ) A

Ol'

159
2 Fqn
APAE Bol 4L EL AolE ok WaRo]l P& WL Eoly B g0l

A H2e A 1020 System 7)o Al AHF G (Prefrontal Lobe)2]
Fpl(Frontal Parietal 1)3} Fp2(Frontal PArietal 2)ol A = - ¢ H 3 Z HA]d =A3s}
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Fa, olw] T FE=HE o]&3te] Fpl(Frontal Parietal 1), Fpz(Frontal Parietal
midline), Fp2(Frontal PArietal 2) ?1Xol Z}7Z} d=o] @xs 1A dAE F2sk 3

=Wl = (head Band)E o] &3t SAsk3t

AR ASE 5 E=aE aAdsow HA FEe txa dojw, 73 A 9
ool HEAFTS HAissly] fle] WA 43L& £ AHE5te] wE xwe ol5dS
Al A Ak

AdE A85S WA Fage AR 2 AR A= W FHAAE vEd
+ ¥ 1% Fgd W3HFast Fourier Transformation, FFT)S 23 F3A<

2 W3t

(frequency series) Y 2FE EXHo g AALA Hu S F35-4 <4
e g JE] A7|E B3t A4 10/20 4= A" wE d= 532 97
= <Figure 2>} 2t}

<Figure 2> Top view of international 10/20 electrode system
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2) A4 A5 24
= 2‘5} 7}

P25 SMR(Sensory Motor Rhythm)¥}, Mid-#EH B3}, AEHO)9S =3+ 7
3 THLubar, 1991).

B\
o
)
i
=)

Powergko 2 Waste] #9458 A48 A&

4 = SMR¥} + Mid-HEH Q)3 / AEHO)T}

2. Z2EY X 32E 74
2EYA s282 dds AFsto] AE E(cortisol) ¥ ol 9] Y] € (epinephrine), =
2 o] 1] Y] 3 A (norepinephrine) &) F#< 7 A Th.
o AN FAI B qaEE B2g S

2E AEe dHAH A qdAsdA &

AY A DI ABE QA 2 2ol

7IAIZE glo] AEEAME TR HAS A
45 FHAsA 3 5 FSuATE EoUA Fe

Yol A %R 2EAt Au Ade A
AL F WFeE wBsAy, A4 308 Aol LeAHE F o)
#3ke] FE

ofo
ol
ol
&
o
o
oxl
_11:1

Ll
N
>

>
ol
32

(Electrichemilumino Immunoassay, ECLIA)S 9]

t}.
vl 3} 2oy Y2y e HPLC(High Performance Liquid Chromatography)
-ECD(Electron Capture Detector) i = ©]-&3te] =& HAFSA T
FoEA s Ak,

AA AFH = EDTA &715 AF&35Fo] Plasma’F 2mlo]
| W5 B3I

Al 2FF3Ee] 308 olUol Plasmas E@ste] 4 Al7hX

N
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E. A5 g

H AF EAIA Y= SPSS(Statistical Package for Social Sciences) Version 21.0

A Z2age ogdtel 4 4YRY FAW EEAAE TAY FI LEE

olr7] ¢&) WEHEE tHFS AAEAom, x| 77k wE Wit Jo 7o z}

o] ¥ T A (Two-way repeated measure ANOVA)S ©]

| —d
rE

2 9% nE BAA folrEe a=052 A4
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A. X &3l ds

1. ¥ 9 (Electroencephalogram, EEG)2] W3t

1) A€ (Theta,0) 3¢ W3}

(1) 22 Aeksre) ws

<Table 4> 4 Yelt vle} o] (5 Aetute] Wl 5wy SAT BF &5
A-F BAMe 508 Folrt gl Aoz vehgel

<Table 5>¢} o] #FZF Aetgto A= SAHA 7] et SAHOZ {F28 2ol 7}
S AoE YElwgta, a53 SAHAY] elx AaE a9t gle o2 YE

th. <Table 6>3 #eo] ol WE Aok gl

rlr
o
|o
fru
°
ul
L
i)

<Table 4> T-Test of Left Theta wave (unit: pV)
Item Group pre—test post—test t D
Left EG 11.95+3.02 10.23+3.16 2.098 .055
Theta
wave CG 12.03+2.89 11.24+3.29 725 480

EG=Exercise group, CG=Control group.
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<Table 5> Tests of Within-Subjects Contrasts of Left Theta wave

. Type I Sum of Mean .
Source Time Squares df Square F Sig.
Time Linear 23.650 1 23.650 3.398 076
Time*group Linear 3.281 1 3.281 471 498
Error(Time) Linear 194.897 28 6.961
<Table 6> Tests of Between-Subjects Effects of Left Theta wave
Source Typ% cﬂlla?;sm of df Mean Square F Sig.
Intercept 7746.384 1 7746.384 634.881 .000
group 4.444 1 4.444 364 bb51
Error 341.637 28 12.201
15 ¢
12 }
: .
'E 11 F —e—ES
= —=—CG
+=
(=)
—_ 10 F
9 L
=
pre post

<Figure 3> Pre-Post Test of Left Theta wave
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(2) $= Metste] s}
<Table 7>o14] Uehd uhsh o] % Algkste] Wats $EEH FA

7‘<j.—6

F BAMCE % o7t gl Aoz ehgeh

= Ao=m vEsta, a3 S = deEs 29 fle A

th <Table 9>} #o] ZFo] W& Aol gl A

<Table 7> T-Test of Right Theta wave

(unit: pV)
Item Group pre—test post-test t p
Right EG 14.03+4.98 12.13+2.74 1.309 212
Theta
wave CcG 12.38+3.22 12.93+3.38 -.525 608

EG=Exercise group, CG=Control group.

<Table 8> Tests of Within-Subjects Contrasts of Right Theta wave

Source Time FI‘SE\;Ir)r(le (l]fI df SMean F Sig.
Squares quare
Time Linear 6.922 1 6.922 574 495
Time*group Linear 22.620 1 22.620 1.876 182
Error(Time) Linear 337.690 28 12.060
- 91 —
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<Table 9> Tests of Between-Subjects Effects of Right Theta wave

Source Tgfp % (:}]111 a‘:’élsm df Mean Square F Sig.
Intercept 9936.155 1 9936.155 662.559 .000
group 2.688 1 2.688 179 675
Error 419.906 28 14.997
165
14 }
¢
% 1 3 B —_——
|-E —_— G
=
= 12 F
11
10

pre

post

<Figure 4> Pre-Post Test of Right Theta wave
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2) &3 (Alpha, a)9¢] W3}
(1) &= &atel A3

9l Aoz JeEyi(p<05), 183 =47 7t AEzg gae e Aow U

Elwtth <Table 12>9F #o] 8¢ W& o]k ¢l Aoz e T

<Table 10> T-Test of Left Alpha wave (unit: @V)
Item Group pre—test post-test t D
Left EG 5.78+1.76 6.71+1.78 -2.378 032"
Alpha
wave CG 6.42+2.97 6.87+3.37 -1.060 307

EG=Exercise group, CG=Control group.
* p<.05

<Table 11> Tests of Within-Subjects Contrasts of Left Alpha wave

Type M
Source Time Sum of df SMSZ?e F Sig.
Squares a
Time Linear 7412 1 7412 5.742 023"
Time*group Linear .888 1 .888 714 405
Error(Time) Linear 34.827 28 1.244
* p<.05
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<Table 12> Tests of Between-Subjects Effects of Left Alpha wave

Source Tgfp % (:}]111 a‘:’élsm df Mean Square F Sig.
Intercept 2493.313 1 2493.313 208.140 .000
group 2.392 1 2.392 .200 .658
Error 335.413 28 11.979
=]
7 i
x -
E —tp— 5
E"- & ——G
=
3
&
Fal

pre

post

<Figure 5> Pre-Post Test of Left Alpha wave
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(2) 5 <ozt W3
<Table 13>olA] ‘e nls} gro] 2 otmlse] Wehs ¢35y AT BF &
5 Q-5 BAM0R o Aolsk Qe AoR U
<Table 14>¢} o] -3 Zugor= FAA 7] we} FAHoE {3 Ao]7}
A AoR YW (p<05), 1w SHA7] ol AEE gy fle AeE
Byt <Table 15>9F Zo] 18] W& zol% ¢l Ao vebgth
<Table 13> T-Test of Right Alpha wave (unit: @V)
Item Group pre—test post-test t p
Right EG 6.92+1.98 7.62+1.86 -1.222 .242
Alpha
wave CG 7.00+3.03 7.87+3.50 -2.036 .061

EG=Exercise group, CG=Control group.

<Table 14> Tests of Within-Subjects Contrasts of Right Alpha wave
Type M
Source Time Sum of df SMSZ?e F Sig.
Squares a
Time Linear 9.251 1 9.251 4.833 036"
Time*group Linear A11 1 J11 058 812
Error(Time) Linear 53.600 28 1.914
* p<.05
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<Table 15> Tests of Between-Subjects Effects of Right Alpha wave

Source Tgfp % qllli afglsm df Mean Square F Sig.
Intercept 3246.350 1 3246.350 259.731 .000
group .403 1 403 .032 .859
Error 349.969 28 12.499
a
2 s
E
E ——
Eﬁ —=—CG
=
=
[
-
=3
ore post

<Figure 6> Pre-Post Test of Right Alpha wave
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3) SMR(Sensorymotor Rhythm)3}¢] = 3}
(1) 3= SMR¥}¢] ¥ 3}

wakel £5 F BAYOR §F Aok Yt AR LehRTHp<05). BETNA
% A5 BAHCE @ Aol7t gl Ao et

<Table 17>% o] #% SMReIA& Z4A 710 wet SA40R felg 2ol
Q= Aow Uehdi, 2% 447 delE 454s 5t g Aow el

Tk <Table 18>} o] ZFo] W Aol gl A= Uehytth

rr
Mo

<Table 16> T-Test of Left SMR wave (unit: @V)
Item Group pre—test post-test t D
Left EG 3.04+1.00 3.42+0.91 -2.299 037"
SMR
wave CG 3.08+0.86 3.05+0.88 121 905

EG=Exercise group, CG=Control group.
* p<.05

<Table 17> Tests of Within-Subjects Contrasts of Left SMR wave

Type M

. Mean ;
Source Time Sum of df F Sig.
Squares Square
Time Linear 481 1 481 1.623 213
Time*group Linear .639 1 639 2.157 153
Error(Time) Linear 8.291 28 296
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<Table 18> Tests of Between-Subjects Effects of Left SMR wave

Source Tgfp % qllli afglsm df Mean Square F Sig.
Intercept 594.279 1 594.279 432.629 .000
group .399 1 .399 .290 594
Error 38.462 28 1.374
A
% /
x
o —.—EG
> 5 e — —=—CG
=
i
> ,
post

pre

<Figure 7> Pre-Post Test of Left SMR wave
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(2) $= SMRte] %3}

wskol gE F SAHLR fFo Aolvt e ALE YEEH(E<0D). Rl A

A Az UEa(p<ol), 253 SFAHAY] tell FeAE ade e Aew o

Elutth <Table 21>3 #o] 18d W& o]k ¢l Aoz e T

<Table 19> T-Test of Right SMR wave (unit: pV)
Item Group pre—test post-test t p
Right EG 3.34£0.90 3.91£0.96 -3.130 007
SMR
wave CcG 3.32£0.91 3.64=£1.01 -1.699 112

EG=Exercise group, CG=Control group.
% p<0l

<Table 20> Tests of Within-Subjects Contrasts of Right SMR wave

Type M

Source Time géllrlr;r(ég df Sl\gﬁg?e F Sig.
Time Linear 2.935 1 2.935 11.598  .002™
Time*group Linear .244 1 244 966 334
Error(Time) Linear 7.085 28 253
% p<.0l
— 929 —
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<Table 21> Tests of Between-Subjects Effects of Right SMR wave

Source Tgfp % qllli afglsm df Mean Square F Sig.
Intercept 757.073 1 757.073 489.664 .000
group 312 1 312 202 .656
Error 43.291 28 1.546
=3
= 4
x
% —tp— 5
2 —=—cE
£
=
&
3
2
ore post

<Figure 8> Pre-Post Test of Right SMR wave
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4) Mid-Hl e}(Beta, B3] ¥ 3}

(1) & Mid-¥ etgteo] A3}

<Table 22>°|A] YEeld nie} o] S Mid-wlElTe] Wels 53 AT
% e 4T BAM0E 598 Folrt gl Aew vebulth

<Table 23>%} #Zo] HZZ Mid-WEtTt A= SAH A7) we} SAA o= Fofgh A
o7} flt Ao ey, 1gw 24A] Qe 45As misb e Aoz

Elutth <Table 24>9F o] 8¢ W& o]k ¢l Aoz e T

td

L

<Table 22> T-Test of Left Mid-Beta wave (unit: @Vv)
Item Group pre—test post-test t D
Left EG 2.27+0.90 2.53+0.87 -1.905 078
Mid-Beta
wave CG 2.29+0.69 2.24%0.68 278 785

EG=Exercise group, CG=Control group.

<Table 23> Tests of Within-Subjects Contrasts of Left Mid-Beta wave

Type M

. Mean ;
Source Time Sum of df F Sig.
Squares Square
Time Linear 172 1 172 924 345
Time*group Linear .363 1 363 1.955 173
Error(Time) Linear 5.206 28 .186
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<Table 24> Tests of Between-Subjects Effects of Left Mid-Beta wave

Source Tgfp % qllli afglsm df Mean Square F Sig.
Intercept 326.154 1 326.154 302.320 .000
group .265 1 .265 .246 624
Error 30.207 28 1.079
A
2 3
=
% ——
qﬁ —— G
i _ /
E - <
I3 3

ore post

<Figure 9> Pre-Post Test of Left Mid-Bata wave
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(2) $= Mid-Wehoel s}
<Table 25>°|A YEFE vle} Zo] 9= Mid-

W Hluste ¢F & FAHSR fog zte]rt

AL 5 A-F FAGOD Fo% Fol7h 9 Aow vhehgeh
QA7 W EAR R felg A

<Table 26>3} #o] 9= Mid-HlElgo = =4
1}

Ao = ey

VAl

rr

o7} 9l
o ol g mE Aol ¢l

2 ekt <Table 27>}

<Table 25> T-Test of Right Mid-Beta wave (unit: V)
Item Group pre—test post-test t D
Right EG 2.44%0."75 2.91£0.86 -2.797 014"

Mid-Bata
wave CcG 2.45%0.76 2.63x0.77 -1.118 282

EG=Exercise group, CG=Control group.
* p<.05

<Table 26> Tests of Within-Subjects Contrasts of Right Mid-Beta wave

Type M
Source Time Sum of df SMﬁg?e F Sig.
Squares a
Time Linear 1.610 1 1.610 7.712 .010™
Time*group Linear 304 1 304 1.455 238
Error(Time) Linear 5.847 28 .209
% p<0l
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<Table 27> Tests of Between-Subjects Effects of Right Mid-Beta wave

Source Tgfp % qllli afglsm df Mean Square F Sig.
Intercept 408.569 1 408.569 397.851 .000
group 279 1 279 271 606
Error 28754 28 1.027
a
Z s
x
_% i —— G
o - —=—cE
=
=
5
= 2

pre

post

<Figure 10> Pre-Post Test of Right Mid-Bata wave
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5) Hight-¥l E}(Beta, B3¢ W3}
(1) &= Hight-# 5] H3}
<Table 28>l 4] \Jebet vhsk o] 3 High-wietste] Mok S5} SAw =
FeE A ¥ BAMeE Fo% Aot 9 Aoz tehut
<Table 29>¢} #Zo] = High-HWEtTol A= FAA 7|0 we} FAASZ fofgh
Aol7k gle Aoz vehgn, 1T FAA] BelE FEts It gl Aew
LERSTE <Table 30> #Zo] ZFo] W& Aolk gl A= e

<Table 28> T-Test of Left High-Beta wave (unit: uV)

Item Group pre—test post—test D

Left EG 1.21+0.69 1.42+0.76 -2.058 059
High-Beta
wave CG 1.20+0.45 1.11£0.40 739 472
EG=Exercise group, CG=Control group.
<Table 29> Tests of Within-Subjects Contrasts of Left High—-Beta wave
Type I M
Source Time Sum of df ean F Sig.
Squares Square
Time Linear .055 .055 H61 460
Time*group Linear .350 350 3.551 070
Error(Time) Linear 2.757 28 .098
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<Table 30> Tests of Between-Subjects Effects of Left High-Beta wave

Source Tgfp % qllli afglsm df Mean Square F Sig.
Intercept 91.514 1 91.514 150.613 .000
group 374 1 374 616 439
Error 17.013 28 .608
3
2
—tp— 5
— G

Left High-Beta wawe

0 .
ore post

<Figure 11> Pre-Post Test of Left High-Bata wave
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(2) $Z Hight-#ets}e] W3}

<Table 31>04 el wle} o] % Hight-WElshe] wWals $E73 FA2
T e% 4§ EAMOR Fo@ o7t it Aoz Uyt

<Table 32>9 o] $= High-wWebsdel s 2470 wet SAHoE fold

Aol7b = Ao uvEhwkal, a3 SAA] elE dEEE g9t fle Aow

>~

Ve TE. <Table 33>3 ko] Z18¢] w2 olm gl Aoz vehyt)

<Table 31> T-Test of Right High-Beta wave (unit: uV)
Item Group pre—test post-test t p
Right EG 1.32£0.51 1.52+0.78 -1.539 146
High-Bata
wave CG 1.23+0.41 1.30+0.53 -677 509

EG=Exercise group, CG=Control group.

<Table 32> Tests of Within-Subjects Contrasts of Right High-Beta wave

Type M

. Mean ;
Source Time Sum of df F Sig.
Squares Square
Time Linear .295 1 295 2611 A17
Time*group Linear .063 1 .063 560 460
Error(Time) Linear 3.168 28 113
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<Table 33> Tests of Between-Subjects Effects of Right High-Beta wave

Source Tgfp % qllli afglsm df Mean Square F Sig.
Intercept 107.816 1 107.816 197.596 .000
group .360 1 .360 660 423
Error 15.278 28 546
3

—.—F
—o— GG

Right High-Beta wawe
(\

ore post

<Figure 12> Pre-Post Test of Right Hight-Bata wave
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2. F9 R =9 X 4 (Attention Concentration Index)¢] ¥ 3}t
1) &= FIRFHA$9 A3}
<Table 34>°l|A e nle} o] =

<Table 34> T-Test of Left Attention Concentration Index (unit: @v)
Item Group pre—test post-test t p
Left Attention EG 0.45+0.10 0.62+0.25 -2.230 043"
Concentration
0.48+0.06 -.758 461

Index CG 0.45+0.09

EG=Exercise group, CG=Control group.
* p<.05

<Table 35> Tests of Within-Subjects Contrasts of Left Attention Concentration Index

Type I
Source Time Sum of df SMSZ?e F Sig.
Squares a
Time Linear .143 1 143 5.536 026"
Time*group Linear .084 1 .084 3.255 082
Error(Time) Linear 723 28 026
* p<.05
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<Table 36> Tests of Between-Subjects Effects of Left Attention Concentration Index

Source Tgfp % qllli afglsm df Mean Square F Sig.
Intercept 14.899 1 14.899 831.107 .000
group 072 1 072 4.267 048"
Error 473 28 .017
* p<.05
1
'g 0.8
E
o
E O / ——EG
= ——cg
O —a
:ng 0,4
=K
£
=
(=K
— 0.2
o}
ore post

<Figure 13> Pre-Post Test of Left Attention Concentration Index
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$2 F49FYA5Y W
<Table 37>|A UEhE i} o] 95 Fo|HFHA S
Avk waste] £% F AL foF o7t U Ao
TolAE &% A - F FAHeE FoF Aol7t fli= Aow vruit
<Table 38>¥} #Zo] = FAFFTHAFAAN = FAA7] we} FAHSZ Fogh
ZFol7F = Ao® YERSI(p<.05), ZFH SAHAZ] ol AE5AE sye gle Ae
2 e tl <Table 39>¢} o] Z1&o W zlol7} e Ao = Yeryt}
<Table 37> T-Test of Right Attention Concentration Index (unit: @Vv)
Item Group pre—test post—test D
Rightt Attention EG 0.43+0.08 0.58+0.18 -2.626 .020
Concentration
Index CG 0.47+0.09 0.49+0.11 - 689 502
EG=Exercise group, CG=Control group.
* p<.05
<Table 38> Tests of Within-Subjects Contrasts of Right Attention Concentration Index
Type M
Source Time Sum of df SMﬁg?e F Sig.
Squares a
Time Linear .109 109 6.946 014"
Time*group Linear .061 .061 3.910 .058
Error(Time) Linear 437 28 016

* p<.05
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<Table 39> Tests of Between-Subjects Effects of Right Attention Concentration Index

Source Tgfp % qllli afglsm df Mean Square F Sig.

Intercept 14.597 1 14.597 1086.409 .000

group .006 1 .006 A74 A97
Error 376 28 013

1
&
E 0.2
=
2
£
@ 0.8 ——EG
S / —=—CG
= -—
=2 0,4
=
=T
=
£ 0.2

0]

ore post

<Figure 14> Pre-Post Test of Right Attention Concentration Index
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B. Z2Ef X T2 E9 Wl

1. ¥ Z(Cortisol)8 W3}
<Table 40>l 4 e} vie} o] 3
SECEEE

. )
A IR

rr

T TAASE {5 o]t
EAH R fFogk 2ol ]l
<Table 41>} 7+o] =E]Z(Cortisol)ol A=
7F e ALE YER L (p<05), 15 FAHAY

Lrebst Tl <Table 42>9F 2o] 1Fo W 2ol

<Table 40> T-Test of Cortisol

(unit: ug/dl)
Item Group pre—test post-test t D
. EG 8.61+3.25 7.26+2.71 3.623 .003™
Cortisol
dL
(ug/dL) CG 8.75+3.47 8.18+3.99 674 511
EG=Exercise group, CG=Control group
*x p<0l
<Table 41> Tests of Within-Subjects Contrasts of Cortisol
Type I
Source Time Sum of df SMﬁg?e F Sig.
Squares a
Time Linear 13.680 1 13.680 4.321 047"
Time*group Linear 2.626 1 2.626 715 405
Error(Time) Linear 83.643 28 3.166
* p<.05
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<Table 42> Tests of Between-Subjects Effects of Cortisol

Source Tgfp % (:}]111 a‘:’élsm df Mean Square F Sig.
Intercept 4032.924 1 4032.924 204.038 .000
group 4.187 1 4.187 212 649
Error 553.435 28 19.766
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<Figure 15> Pre-Post Test of Cortisol
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2. o 9 v = & (Epinephrine) ¢ ® 3}

<Table 43>°l|4 el nle} o] o 7 U] ¥ (Epinephrine)?] W3} 573}
AL BF g5 A5 BAASE Fogt Aot fle AR UERh

<Table 44>¢} o] o]y =¥ (Epinephrine)ol A& ZA A7
o3 o)zt gl Aow yewta, a53 FAHAY] tlx FEag adl fle

©% Uehgth <Table 45> 2o] LFo] @e Aolw g Ao Uehrh

<Table 43> T-Test of Epinephrine (unit: pg/ml)
Item Group pre—test post-test t D
EG 42.70£27.39 40.86%25.03 1.135 275
Epinephrine
(pg/mL)
CG 46.60£29.39 48.39£16.87 -.453 658

EG=Exercise group, CG=Control group.

<Table 44> Tests of Within-Subjects Contrasts of Epinephrine

Type I
Source Time Sum of df SMSZ?e F Sig.
Squares a
Time Linear .008 1 .008 .000 992
Time*group Linear 49,522 1 49522 721 403
Error(Time) Linear 1923.437 28 68.694
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<Table 45> Tests of Between-Subjects Effects of Epinephrine

Source Tgfp % (:}]111 a‘:’élsm df Mean Square F Sig.
Intercept 119557.526 1 119557.526 100.133 .000
group 489.233 1 489.233 410 bH27
Error 33431.589 28 1193.985
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<Figure 16> Pre-Post Test of Epinephrine

Collection @ chosun



3. =293 =& (Norepinephrine) 2] = 3}t
<Table 46>°|*] YERE Hle} o] w2 3u] Z & (Norepinephrine)®] W3l &
oA & AI wuste £F F FAHLRE {Fod Aoyt A= HoE et

(p<05). HETAM= &5 A - F AR Fo3k Aol7t e A o= veuith

o2 fod Aol7t Y Ao e (p<05), 1EI ZHAY) ol HEAg &
e Qe Ao2 Uehdth <Table 48> o] 1§ we Aok gle Aew Y
ehutet,

<Table 46> T-Test of Norepinephrine (unit: pg/ml)
Item Group pre—test post-test t p
) ) EG 341.54+99.60 310.48+68.43 2.292 038"
Norepinephrine
(pg/mL)
CG 290.23+£91.99 277.53%77.29 1.299 215

EG=Exercise group, CG=Control group.
* p<.05

<Table 47> Tests of Within-Subjects Contrasts of Norepinephrine

Type M

Source Time géllrlr;r(ég df Sl\gﬁg?e F Sig.
Time Linear 7181.891 1 7181.891 6.858 014"
Time*group Linear 1264.453 1 1264.453 1.207 281
Error(Time) Linear 29321.109 28 1047.182
* p<.05
— 47 —
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<Table 48> Tests of Between-Subjects Effects of Norepinephrine

Source Tgfp % (:}]111 a‘:’élsm df Mean Square F Sig.
Intercept 5579523.775 1 5579523.775 414.123 .000
group 26616.471 1 26616.471 1.976 171
Error 377247.347 28 13473.120
360
340
=
£
E320 v —
K]
£ ——cG
=
s
-§3oo
5 _
=
oz0 b \

20
ore post

<Figure 17> Pre-Post Test of Norepinephrine
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