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<ABSTRACT>

This study was to investigate the effect of high intensity interval training on health related fitness and bone

mineral density in middle school girls. For this purpose, the participants randomly selected 24 girls in the second

grade at Middle School, assigned 12 randomly to the exercise and control group each, and measured their health

related fitness and bone mineral density before and after the experiment. Two-way repeated ANOVA was used to

analyze within and between group differences. There were significant differences in muscle strength, flexibility

according to time and that interactions happened between group and time in muscle strength, cardiopulmonary

endurance, flexibility, and % body fat. No significant differences were found in bone mineral density according to

group, time, and groupxtime interaction. It is thought that high intensity interval training can be effectively used to

promote health and improve physical fitness regardless of time and place for adolescents who cannot participate in

training due to lack of time.
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33A1zre = 20162 wlaLste] Zkz 0.3A1%F, 0.24]
2t Z7F8F S Y (Ministry of Culture, Sports and
Tourism, 2018a), AAZEo] ofgh #FHA eyt A3t
Lo ASEs Fogo] B2 Aow YEy
(Ministry of Culture, Sports and Tourism, 2016).
20179 2018 2 B A AQ &F el
s A= HlE+ 304173941 7F 31.8%, 197294 7%
26.8%, 15718417} 21.1% % At o], HAad7]e] &
F R=7E P v Ae® ey th(National
Statistical Office, 2019).

H ArdEY 2vtEE 9 gAE" 7]7]9 A
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a2l i 719 Egy 2 ¥ U i
Yett . 9tk (Yun, Ho, & Kim, 2019). 4
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(Ministry of Education, 2019). =z}
d= Hy v REE-2 201599 7.5%, 2017
o] 10.0%, 2019Wel+= 108%= Hx F7Fst
t}(National Statistical Office, 2019). o]+ A= &
dstsE A AR AALEY FoddE B
shan A AR AFdEo] FEES ondr. g
Aol A A S0l At StuAlS o ALEAS A
#Fu A5 Aol fle olfFE AR
B0 g FdtH(Ministry of Culture, Sports and
Tourism, 2018b).
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SHYENA Folx g Faat JFd dAelA
®% A #urk WS F28HOh, Choi, &
Kim, 2014). $% A|zto] REgtta Aztels o
e oWl 7 A& 2t devds v
Z.

dE=o & 54 o, old ZAE sfAast
o

7] 913 £ wWow uZE Pz LFo] 9l
t}(Laursen & Jenkins, 2002). o n7 = 7+d
A T ZRIOHORE bt Edolyd WHol U
HEG ok 1A E Efold e &S &F Ae
2 A4S AEEgEs SR ¢ de 284
ojH A JHAQ F WHoltHKim, 2015). 117

T AR e AXdE AFRE Eo & F
gaksl o] F71eH(Lee et al, 2018), L%
A3 e AL U ArtasAEg 24 A
1 pd3(cell cycle 3 AIE thAts JAste] =449

Ao F2& dA)E FrelstA F7HA 2l HH(Kang,

Kim, Yu, Park, & Kim, 2011). %3 u7%
o]
&

a2 At} Yang et al.(2017)2 ©ERufeRS} ¢ 9]
old % FT EMIE & 1wo] HEwF
&, AT, Al WM ° o3 S7tE B
o KR

4% uAdE dH e R3S o] g8k
Fabol F= xFHY] el AMFol FHe &%
o2 gl ZUEy} FAEI, WMo Fuvp A
A tHKim, Jun, Park, Kang, Chung, & Seo, 2003).
TUEE XoprdA A Feh 53 FhehH

7] % Hurt @k 7 3 ok Az 2oy
o8 a8ty A #Et
(Cho, Jung, Park, Jin, & Hong, 1996). wz}A A&
WArlels atess AWt flstel A &
Ade T HAd =FE SVMAE 7 AEFH

Fafof ghr},
oo AYPATES FTHEW, 1AW= HEH &
& FArAA
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II. Methodology

1. Participants

28 TAGE EH &F APl A9, A
WA o Fol ofALE el IAE sbed FgHE
b AT Folol Eod dAES ez AdAst
Ak FolAe dAHorw =W A Qlo] AA
ati, WA AR o FofshA| eskd g
BE T AE o] g 2499 A4S A
shAth 1Ea ATy SAdGeR 129y F

Aol zte] 542 thael A

A9z BRa,
3}

AlgF <Table 1>3 2t}

<Table 1> General characteristics of participants

Body % Body

Items Age  Height

Weight Fat

Groups ear cm

p e (em) ST
Exercise Group 14.56+. 159.9+ 5291+  28.20+

(n=12) 65 6.07 9.01 5.60
Control Group 14.84+. 159.7+ 59.77+  33.37+

(n=12) 56 3.27 13.26 8.40
Values are mean + SD.
2. Procedure

o] AL 8F AT HAA £F Fao] 7

ZHAAAEY 2EE FA HXE JIFS golr
71 st A= sxuddiziu A& e
(IRB)¢] <& o] st A9 AA+E

Brain, Digital, & Learning, 10(1)

Preliminary Review(KNUE IRB)

l

Literature Review & Data Collection

!

Participants Selection

|

Measurement of Participants’ Health Related

Fitness and Bone Mineral Density

|

Education of Exercise Program & Training for

Exercise Adaptation(before the Experiment)

!

High Intensity Interval Training

Exercise Group(n=12) Control Group(n=12)

3 times/week,

i . Daily Life
15min/day(Lunch Time)

!

Measurement of Participants’ Health Related Fitness
and Bone Mineral Density(after the Experiment)

l

Date Processing

|

Writing a Paper

[Figure 1] Research design

3. Metrics and Methods

1) Measurement Items

<Table 2> Measurement items

Items Subvariables Measurement Items
Muscle Strength Grip Strength
Health Cardiopulmonary
Related Endurance Shuttle Run
Fitness Flexibility Sit and Reach
% Body Fat % Body Fat
B . . .
.one Bone Mineral Density of Right
Mineral .
. Density Calcaneus
Density

- 139 -



Lee, Lee, & Kim

2) Measurement Tools

Al

Ao AHgH

AN

A EG-E= <Table 3>3 7t}

i

<Table 3> Measurement tools

M t
Items Model/Country casutemen
Tools
Muscle DW-7041 Dynamometer
Strength (Japan) Y
Cardiopulmonary
Endurance CASIO(Japan) Stopwatch
o Flexibility
Flexibility DW-704(Japan) Measuring Tool
Inbody
o
% Body Fat 520(Korea) Inbody
Bone Mineral OsteoPro BMD Measuring

Density V1.01(Korea) Device

3) Measuring Methods

(1) Measurement of Health Related Fitness
AZAEAE 240 20073 wSAA LRI
o

5 <)
AT, fAd, AAY

= Aqstgon, o8, 4 L Fra,
g Zgsach AT Pl AY FEL welH
2 ] o %

o AP

Al &
=
2 AR E 9 54 w49 142 A4 §

D Muscle Strength
Hh2 A AEHER g He oyn s Hy
AAE FH sk

obopd fo g ooy X

ardiopulmonary Endurance

Fool 2Fo] Wme ALYE FHOoE YIRS
St WE=A] gkE uke. 20m A4 wlAe] E9l
U 7ol g7hA wolok @k beepgol U]
20m €l =FPhAE, thS beeps &E7F W]

. olg wEat} o o
7

Els

ool ol £xE FAE As dod F oslt
= Azl & w7HA HEE SHH, beepwol £¥
W 20m A vl =ASA X U= £EE
<7 Hol2E s 7 JEF EFoA 239
71315 ¢ Fogn HAEV 2 & gag Sl
£ 7153

@ Flexibility

ks HEe 5 547 8 FHH ¢E 2ol
s BEE gol HEglg 51 55 A #A
StHA 7 &g ZA ¥ dEnigs LEE
=5 Sl ZA HHXT AE A Aol vHE TtES
gow HAug WEn FAE wIHA A 7T
o w7 otgER £&£& F Wiy 0lcm EHE 7V
To® J|FetH, 23] AT ¥ O FL& UE5E
A g

@ % Body Fat

AAA7IAFEAE S o] &t AR AGE
417 (inbody 520)& Ab&stel SA gt ol ¥
2= o5 AHE FAsF o, 54 A dF7t
2 Fotes: &3 He dd HaE AReA W@
ofFth Wk ASE Ador FA47] o &7t
F EFols FHa & TS AT HHew dHd
T F4S st

(2) Test of Bone Mineral Density
FHsle 2295 o]&std =H

=
Ze3 71AE ol &3
A

3
s He ) Ag Aol gl dEE FoF F
=% FT= FHEE AEEA A5 54 A
Wate] HE SHFN FTES 2539 ET A
stalAl XA & REE ZAET FHoiart
Aadel AE #Aoksle] Bx @gs wE A
wx Aee FAo] Jhestes st A AR
LEEZ TS A4 234 FAHslY HHE VIEE 9
stttk SRS WHOMNAIRAZ]F)oll A Alg3
Agk 715S vbgdste] Ay #Add g9 AL
2 BATY F Jd= T-score(Young adult value)Z
g3t th
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<Table 5> Homogeneity verification of variables before

the experiment

Items Groups N M#SD t Sig.
20.37+
Muscle Strength EG 12
. 4.22 -1.55
(Grip Strength: 2 758 3 135
kg) CG 12 317
i +
Cardiopulmonary EG 12 21.58
Endurance 8.56 281 615
(Shuttle Run: cG 12 19.50+ '
time) 11.24
17.45+
Flexibility EG 12 ; 42
(Sit and Reach: - J15 482
cm) CG 12 15.12%
8.51
28.45+
% Body Fat EG 12 5.24
-975 344
(%) cG 12 31.70+
10.28
. -.82+,
Bone Mineral EG 12 29
Density Loat 378 527
(mg/cm?) CG 12 '8 0

Values are mean + SD.
EG: Exercise Group, CG: Control Group

2. Changes of Health Related Fitness

8% 1+ &% wead o F g 1 Agud
A WMAEe] AH, AE Zggte] wahs thgo

<Table 6> Changes of health related fitness

Items Groups  Pre Post F Sig.
2037+ 2451+ Group .131  .721
kG 422 6.0
Muscle ' ' Time 8434 .008"
Strength
(kg) 2275+ 2330+ Croup )
CG 17 05 X 4943 037
Time
21.58+ 24.08+ Group .775 388
; EG
Cardio- 856 873"
pulmonary Time 2.984  .098
Endurance G
(time) 19.50+ 19.16= ~TOUP
CG x 5103 .034%

11.24 10.60
Time

1745+ 20.20+ Group 1232 279

EG H# *
. 743 5697 Time 791 .010
Flexibility G
(cm) g 1312 1540 roup .
104 .
51 966 104 034
Time
pg 245 2752% Group 1421 246
524 535" T
% Body Fat C"}l"lme 1.261 .274
%) 3170+ 3211 0P "
1028 9.94 8.234 .009
Time
Values are mean = SD. *p<.05, **p<.01
EG: Exercise Group, CG: Control Group
1) Changes of Muscle Strength
8F o] IAE A FEEZEIOHUS HAT
T o2de Wt oiE wEEgol AW At
= <Table 7> 2t FJoxA|7]o] & FJozh&

d
EH(P=0307F dEEeH,
(p=.008)ell A= f+olgh 2ol 7} ebstith &4
Bg-oll &F A 20372422, &5 F 245146702
o3k AH(p=.012)7F YEbEA T, SAF G Gl =
w5 A 22752317, &5 § 23.3+2.05= Folgk A
7F YEUA sk

<Table 7> Results of Two-way repeated ANOVA of

muscle strength

Items Groups Pre Post F Sig.

EG 20.37+4.22 24514670 Group .131 721

sk

Muscle
Strength Time 8.434 .008

(kg) CG 22.75+3.17 23.30+2.05 .
GrowpX 4 043 037
Time

*p<.05, **p<.01

MEASURE_1° &3 & @@

™

W
w

AL

[Figure 2] Interaction effect of muscle strength
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<Table 8> Changes of muscle strength in groups

Brain, Digital, & Learning, 10(1)

<Table 10> Changes of cardiopulmonary endurance in

before and after the experiment (Unit: kg) groups before and after the experiments (Unit: Time)
Time .
i Time
Ttems Pre Post ' Sig. Items t Sig.
EG 20374422 24514670 -3.022 012 Pre Post
*p < .05 CG  19.50+11.24 19.16+10.60  .323 753

2) Changes of Cardiopulmonary Endurance

857 7t IAE WA ¥ AR F A9
Aol WMol v wEZgo|dmMAR A

= <Table 9>} #Zth. FebxA] 7]l

9 p=.0347F ERoH, R
1 21.584856, +& F 24.08+873= ok Ao

(p=005)7} hehg AR, BAGE] Bl fol9
A7k hehbA sk,

<Table 9> Results of Two-way repeated ANOVA of

cardiopulmonary endurance (Unit: Time)

Items Groups  Pre Post F Sig.
G 2158+ 2408 Group 775 388
8.56 8.73
Cardiopulm .
Time 2.984 .098
onary
Endurance
cG 19.50+ 19.16= Group
1124 1060 x 5103 034
Time
*p<.05
MEASURE_12 2 8% FREZ
m nr
"
E1
i 2o
w
L
"

Al2|

[Figure 3] Interaction effect of cardiopulmonary

endurance

wp < 01

3) Changes of Flexibility

FAA W] U@ MBI golAuSRA Az
& <Table 11>3 2, AukxAl7lo] he 4548
E3Hp=034)7k dehgom, Azl mE s
(p=01001 4] Fol @ Atol7t Uehgrh SEHwel
Be % A 1745743, +F ¥ 20.2045.69% 2
AHp=000)7} EREA R, EAR ] A 5ol fo)

A7 HERA e Sk

<Table 11> Results of Two-way repeated ANOVA of

flexibility (Unit: cm)
Items Groups  Pre Post F Sig.
EG 17.45+ 2020+ Group 1.232 279
7.43 5.69
Flexibili .
ty Time 7.910 .010
(cm) 1512+ 1542+~ Group
CG "
8.51 9.66 x 5.104 .034

Time

*p<.05, **p<.01

MEASURE_12 £ 8% @@

N3

[Figure 4] Interaction effect of flexibility
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<Table 12> Changes of flexibility in groups before

<Table 14> Changes of % body fat in groups before

and after experiment (Unit: cm) and after the experiment (Unit: %)
Time Time )
Items t Sig. Ttems Pre Post t Sig.
Pre Post
- EG  28.45+524 27.52+#535 3.561  .004"
EG 17.45+£7.43  20.20+5.69 -3.196  .009
CG  31.70+£10.28 32.1149.94 -1.055 314
CG 15.1248.51  15.4249.66  -.455 .658
skk %
**p < .01 p<.01, *p<.05
4) Changes of % Body Fat 3. Changes of Bone Mineral Density
87 7o) AR WA $EEZEaAS A§d  8FN uPE JUY £¥S ANG ¥ wuw
AALES] Wste] ofg REESA oW A o] Wste] digto] wEZAHol AW FRA S AT
HebxA 7)o we g éﬂ}—t— <Table 15>¢} o] R= A3ghollA 2l

(p=.004)7} I%E}le]tr} = A ko] A oo =
7F YERA] e Sk

<Table 13> Results of Two-way repeated ANOVA of

% body fat (Unit: %)
Items Groups Pre Post F Sig.
EG 28.45 27.52+ Group 1.421 246
% +5.24 535
° Time 1.261 274
Body
Fat G 31.70 32.11= Group
+10.28 9.94 X 8.234 .009**
Time
**p<.01
VERSUREUIS Za S PEAE
?
5; L
J“.

M

[Figure 5] Interaction effect of % body fat

@ Apol7h LhebA ekgkel.

<Table 15> Results of Two-way repeated ANOVA of

bone mineral density (Unit: mg/cm®)

Items Groups Pre Post F Sig.
-0.82 -0.66+ Group 445 512
EG
Bone +89 1.18
Mineral Time .675 420
Density G -1.04 -091+ Group
+.80 .90 x .004 952
Time

MEASURE_1% & 8& S8 D

- =g

A Il

[Figure 6] Interaction effect of bone mineral density
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