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Table 1. Characteristics of participants

Variables Group
(Mean+SD)
Age (yr) 23.1£1.65
Height (cm) 172.9+35
Weight (kg) 76.5%6.3
BMI (kg/m’*) 21.7+2.2

% Fat (%) 19.8+4.1
60~70% HRmax (bpm) 147.8+4.1
Speed (km/h) 6.9+0.3
Exercise distance (km) 3.5%0.3

BMI, Body Mass Index; % Fat, body fat percentage, HRmax, Maximum heart rate

o o 3T
2. 25 2= U 2% Az g

Z+ e AT fAA $5 S AAEy] 98 Karvonen(1957) 84S o] &3}
Fow, digate] Al etg(HRmax) 9] 65%0l dsts HaxAlutgef 3087 A
A& ArEstairh

Karvonen?] 2242 [H3% A4 (THR) = {(HdAerg - kA Aubg) x &
& FE%)) + A k] oty gl o AlME W <Table 2>} £t}

o

Table 2. Karvonen Target Heart Rate

R AR
A4 95 (HRmax) 220 — S4A <1% (age)
o] §-4] ¥} (HRR) 29 41 34 (HRmax) - 284 4] 84 (HRrest)
%34 %4 (THR) o %4195 (HRR) x $E4E(%) +2Hg A4 %5

HRR, Heart Rate Reserv; THER, Target Heart Rate;, HRmax, Maximum heart rate
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2) $HAA #-F

Sof e¥= 189 ¥ E(Beats per minute: bpm)E =43 Sofo] wEr]E ¢
e Aew BE A 14 AddAE 120~ 160bmpe] WEm A e Sof

1) AAFA (Body composition)

AT dAAES AAFAAES S5 Hete] AFL A2 A(DS-103M, Dong
San Jenix, Seoul, Korea)s AF&3to] wulgto 2 5 g w7129 4 FHu Ag
S AS stdth AR HAE A7 ARE ol&% o s A d7] dyds

AheE 483 AAE 4 7] (Inbody 270, Inbody, Seoul, Korea)E AF-&3le] A

ME

Z(Body weight), A& #*]5(Body Mass Index: BMI), #|#| %5 (Percent body fat:
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FHR), AFRAHFEVO), TFERQ), I7IFVE), HAAAHAZFVO, max),
FSAct.

ol

METS

N\

5

4. AEANE

o] g3l F ko] 7]4E A A (Descriptve statistics)S E3F zF W<le 3+ (Mean)
¥} ¥ 2 (Standard deviation)E AtEsR o, A Al wWPHE L3 P
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=74 BAEX(Two-way repeated measures ANOVA)S A&k w3 Aok 7t
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Hderw Ar7es A WEE

RR LR

A1 32 (120~ 160bpm),

=HE (60~

70bpm), = <& A (Control group) A X & FAd9 nwxk #4(Randomized crossover

design) 2.2 A x|sto] A4 Aol = (HRV), 24k 2 f

e ety fste] AR Ak vhed 2

1) A7) &% A gotuEs Aus 4xde x5

A2~ A

v o

Heloll v =

Sobis] 98 &5

@O A
HEE AR Al A7 &E ARE Aol mE Adks wste] Wi Ade
<Table 3>, <Table 4>, <Figure 2>°l| #| A3}
Table 3. Heart rate change according to exercise time difference
Period
FAG A Iset 2set 3set Total
Group
Fast Tempo' 77.0+8.1 146.0£17.9 1422486  145.3+7.18  127.6+10.5
Slow Tempo® 74.7+5.1 143.1+¢16.1 1395491  141.6+108  124.7+10.3
Control”® 80.2+12.6 138.7£9.9 1426491  1415+11.3  125.8+10.7
Total 77.319.1 142.6+£14.7  141.4+8.7 142.8+9.7  126.0+10.6
FT, Fast Tempo: ST, Slow Tempo (bpm)
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Table 4. The result of two-way repeated ANOVA for Music tempo and heart
rate according to exercise

Variable SS df MS F D 0’ yés
Between Subject
Group 139.3 2 69.65 315 733 029 094
FError 24645.5 21 221.2
Within Subject
Period 76015.0 1 25338.3 2815 001 931 1.000
GroupxPeriod 320.85 2 85.54 594 659 054 175
Error 5669.0 21 143.9
160
150
140
0 —+—Fast Tempo
120 =i+ :Slow Tempo
110 *+Xs+ Control
100
90
20
70

Pre HR lset 2set 3set

Figure 2. Heart rate change according to exercise time difference.
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S

R
SolRlE Ag Al £F F 8% Az golo] e 5%

3]
A Al 3F A T

P

Y= <Table 5>, <Table 6>, <Figure 3>

Table 5. Heart rate change according to recovery time difference

Period
Omin 3min Smin 15min Total

Group
Fast Tempo' 145.3+7.18 96.7+6.9 92.6+7.7 87579 105574
Slow Tempo®  141.6+10.8 922484 88.6£10.5 83.3t74 101.4+£9.3
Control® 141.5+11.3 97.1+11.0 93.1+9.9 87.6+7.3 104.8+9.9
Total 142.84£9.7 95.3£8.8 91.449.3 86.1+£7.5 103.9+£89
FT, Fast Tempo: ST, Slow Tempo (bpm)

Table 6. The result of two-way repeated ANOVA for
rate according to recovery time

Music tempo and heart

Variable SS df MS F D n e
Between Subject
Group 305.7 2 15288 630 542 057 141
Error 5097.0 21 24271
Within Subject
Period 49385.5 1 309772 582.3 001 965 1.000
GroupxPeriod 80.479 2 25.24 A74 713 .043 138
Error 1780.9 21 53.19
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Figure 3. Heart rate change according to recovery time difference
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2) A7 &% A S4Y¥ ¥ Ao (Heart rate variability: HRV) A3 &

THAE A7) 5 A SdHE A& ugh Aol (HRV)E H7] 93 ~E
A 2A 5, wPEAE(Low frequency band: LF), H17+84 % (High frequency
band: HF), A&7+ 3 =(LF/HF ratio), @ 333 2k (Standard deviation of the

R-R intervals: SDNN), @33 2} (Square root of the mean squared difference

of successive R-R intervals: RMSSD)E =4 &t}

D 2EH2ASF
SUEIE AE Al A7 5 A Aol g 2EH 22X At uisk A3

<Table 7>, <Table 8>, <Figure 4>°| A|A]3}A}

Table 7. Stress change according to exercise and recovery time difference

Period
oL A 3] Omin 3] E 15min Total

Group
Fast Tempo' 345+5.3 42.946.5 36.8+6.0 38.1+6.0
Slow Tempo® 34.2+54 37556 33.5+35 35.1+4.8
Control® 35.0+7.2 38.8+6.0 37.1+5.7 37.0+6.3
Total 34.6+5.8 39.7+6.2 35.8+5.1 36.7+5.7
F7T, Fast Tempo, ST, Slow Tempo (%)

Table 8. The result of two-way repeated ANOVA for Music tempo and stress
according to exercise

Variable SS df MS F D n’ B
Between Subject
Group 107.528 2 53.764 850 A42 075 176
Error 1328417 21 63.258
Within Subject
Period 344528 1 214683  10.023 001 323 953
GroupxPeriod 84.972 2 26469  1.236 313 105 310
Error 721.833 21 21.414
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Figure 4. Stress change according to exercise and recovery time difference
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@ n7EA = (Low frequency band: LF)
oExE AL A A7l &5 AZE Aolo mE wAdAdE ®ste didt Aie

<Table 9>, <Table 10>, <Figure 5> #| A3} t}.

Table 9. LF change according to exercise and recovery time difference

Period
oL Al 3] & Omin 3] & 15min Total

Group
Fast Tempo' 6.7£0.3 8.5+0.7 8.1+0.7 7.8+0.6
Slow Tempo® 6.5£0.3 8.3£0.8 79205 7.6£0.5
Control® 6.8£0.2 8.1£1.3 8.1£0.5 7.7+0.7
Total 6.7£0.3 8.3£09 8.0£0.5 7.7+0.6
FT, Fast Tempo, ST, Slow Tempo, (ms?)

Table 10. The result of two-way repeated ANOVA for Music tempo and LF
according to exercise and recovery

Variable SS df MS D n’ B
Between Subject
Group 543 2 27 600 047 125
Error 10.891 21 019
Within Subject
Period 38.173 1 25.167 .000 128 1.000
GroupxPeriod 1.192 2 393 464 077 221
Error 14.242 21 304
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Figure 5. LF change according to exercise and recovery time difference
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@ Fu7reA = (High frequency band: HF)

SOHRIE Ag A A7) £F Az Aolo] M FARHE Wse] dF Avbs

<Table 11>, <Table 12>, <Figure 6> #| A3} t}.

Table 11. HF change according to exercise and recovery time difference

Period
OFA A 3] & Omin 3] & 15min Total

Group
Fast Tempo' 79+04 6.7£0.8 6.9+0.4 7.8+0.6
Slow Tempo® 8.0£0.5 6.8£0.6 7505 6.8+0.6
Control® 7.6£0.8 6.9£0.6 7.2£0.4 7.2£0.5
Total 7.8+0.6 6.810.6 7.2£0.4 7.3+0.6
FT, Fast Tempo, ST, Slow Tempo, (ms?)

Table 12. The result of two-way repeated ANOVA for Music tempo and HF

according to exercise and recovery

Variable SS df MS F D bk e
Between Subject
Group 871 2 A36 1.198 322 102 233
Error 7.633 21 363
Within Subject
Period 11.715 1 50459  19.240 000 AT78 1.000
GroupxPeriod 1.505 2 A15 1.236 312 105 332
Error 12.787 21 336
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@ w3z 23 2} (Standard deviation of the R-R intervals: SDNN)
SAEy e Al A7) S5 AIZF Zolo wrE MElFEHIGE Wl gk Ay}

+ <Table 13>, <Table 14>, <Figure 7> A A3} t}.

Table 13. SDNN change according to exercise and recovery time difference

Period
SFA A 3] & Omin 3] & 15min Total

Group
Fast Tempo' 60.7£26.3 41.5+15.2 52.6£16.1 51.6£19.2
Slow Tempo® 64.0+189 45.246.3 46.4+11.5 51.9+12.2
Control® 5h3.7+31.1 45.1+28.8 49.3+25.1 49.4+28.3
Total 59.5+25.1 439+184 49.4+17.8 50.9£20.4
F7T, Fast Tempo, ST, Slow Tempo, (ms)

Table 14. The result of two-way repeated ANOVA for Music tempo and SDNN
according to exercise and recovery

Variable SS df MS F D n’ B

Between Subject

Group 88.96 2 44.28 045 956 .004 056
Error 20687 21 985.1
Within Subject
Period 2989.5 1 17295  7.49 .003 263 896
Group*Period 578.8 2 1674 726 61 065 200
Error 8373.9 21 230.6
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Figure 7. SDNN change according to exercise and recovery time difference
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H 2} (Square root of the mean squared difference of successive R-R

intervals: RMSSD)

SGHE AL A A7) &5 AIZE Aolo| w2 wurg AR Hsle]| gk Az

s

<Table 15>, <Table 16>, <Figure 8>¢| A&}t

Table 15. RMSSD change according to exercise and recovery time difference

Period
A A 3] % Omin 3] % 15min Total

Group
Fast Tempo! 39.8+16.6 16.5%4.7 32.8£14.3 19.7+£11.9
Slow Tempo® 435175 17447 30.9+8.6 30.6+10.3
Control® 40.8+33.0 178124 27.0x15.7 28.5+20.4
Total 41.4+22.6 17.2+84 30.2+12.9 29.6+14.7
FT, Fast Tempo; ST, Slow Tempo (ms)

Table 16. The result of two-way repeated ANOVA for Music tempo and
RMSSD according to exercise and recovery

(N

Variable SS df MS F D n B

Between Subject
Group 51.8 2 259 .041 960 .004 055
Error 13437 21 639.8

Within Subject

Period 6987.9 1 5000.7  40.22 001 657 1.000
GroupxPeriod 150.9 2 54.0 434 717 .040 124
Error 3648.1 21 124.3
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Figure 8. RMSSD change according to exercise and recovery time difference
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@O Z2HLactate)
SAEY A8 Al HA7] &5 AZF Zolo] wE HilE: wWsle] gk A=

<Table 17>, <Table 18>, <Figure 9>°l #| A8} %t}

Table 17. Lactate change according to exercise time difference

Period

LA A 1set 2set 3set Total

Group
Fast TempO1 1.7£0.5 2.1+04 1.9+04 1.7£0.5 1.8+0.4
Slow Tempo2 1.8£0.5 2.3x1.2 1.9+0.9 1.6£0.6 1.9+0.8
Control® 1.9£0.7 2.3104 2.4+£0.6 24+1.2 2.2%0.7
Total 1.810.5 2.2+0.6 2.1+0.6 1.9+£0.7 1.9+0.6

F7T, Fast Tempo;, ST, Slow Tempo, (mmol/L)

Table 18. The result of two-way repeated ANOVA for Music tempo and lactate
according to exercise

Variable SS df MS F D n’ B
Between Subject
Group 3.074 2 1537 1488 249 124 281
Error 21.695 21 1.033
Within Subject
Period 2.499 1 953 2.071 122 .090 469
GroupxPeriod 1.849 2 353 766 584 .068 261
Error 25.338 21 460
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Figure 9. Lactate change according to exercise time difference
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(Lactate removal concentration)
Al &5 AIZE ZFole] w2 AAEAE WSk gt ZAyl= <Table
19>, <Table 20>, <Figure 10> A A3}t

Table 19. Lactate change according to recovery time difference

Period
3E Omin  3]E 3min 3 E 5min 3 E 15min Total

Group
Fast Tempo' 1.7£0.5 1.3£0.2 1.220.1 1.4£0.3 1.4%0.3
Slow Tempo® 1.6+0.6 1.310.4 1.0£0.2 1.0+04 1.2+04
Control® 24109 1.6£0.5 1.5+0.3 1.520.6 1.8+0.7
Total 1.9+0.7 1.4+04 1.3+0.3 1.3£0.5 1.5+05
FT, Fast Tempo;, ST, Slow Tempo (mmol/L)

Table 20. The result of two-way repeated ANOVA for Music tempo and lactate
according to recovery

Variable SS df MS F D n’ B

Between Subject

Group 4.354 2 2177 4.001 034 246 650
Error 11.425 21 544
Within Subject
Period 6.528 1 4107 10355  .001 330 958
GroupxPeriod 898 2 282 Nav 559 064 189
Error 13.240 21 397
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Figure 10. Lactate change according to recovery time difference
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4) 271 ¥F A S4HEY FALA A FEHE 5

TR A7 &5 A FAHE A gl weh dAdeye) faAaA Wds dot

w71 9] F71HVE)F AR H(VO), HHFAAHAZFH(VO, max), E&FERQ),

e

$E A 3k7] % (Ventilation: VE)
SdEY A8 Al F7] F5 AZEAfolo| wrE Fr]EF WSl sk Ay= <Table

21>, <Table 22>, <Figure 11>l #| A}

Table 21. VE change according to exercise time difference

Period
LA A 1set 2set 3set Total
Group

Fast Tempo' 10.2+2.3 49.0£8.2 49.3+9.0 51.1£9.0 39.9+7.1
Slow Tempo® 9.9+2.2 47.1£8.2 48.9£7.1 48.1+8.6 38.5+6.5

Control® 10.2£1.8 46.9+6.6 48.9+5.6 46.3+7.5 38.1+54
Total 10.1£2.0 47774 49.1+7.1 485+8.3 38.8+6.3
FT, Fast Tempo, ST, Slow Tempo (L/min)

Table 22. The result of two-way repeated ANOVA for Music tempo and VE
according to exercise

Variable SS df MS F D ok i
Between Subject
Group 58.75 2 29.38 209 813 020 078
Error 2952.26 21 140.59
Within Subject
Period 26414.47 1 19534.69 547.850  .001 963 1.000
Group*Period 59.010 2 21.820 .612 D97 .055 156
Error 1012.510 21 35.660
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Figure 11. VE change according to exercise time difference
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gollx A8 A 7] &5 Aol wE 587 BF wsle g A

<Table 23>, <Table 24>, <Figure 12> A A3} t}.

Table 23. VE change according to recovery time difference

Period
3& Omin  3]E 3min 3 E 5min 3 E 15min Total
Group

Fast Tempo' — 52.5+11.2 225%3.6 14.8£2.3 13.542.1 20.8+4.8

Slow Tempo® 49.8%8.1 23.314.0 14.3+2.2 12.5+2.3 249142

Control® 48.7£7.9 25.7+4.3 15.1+25 13.6+2.7 25.8t4.4
Total 50.3£8.9 23.8t4.1 14.7+2.3 13.2+2.3 255144
FT, Fast Tempo; ST, Slow Tempo (L/min)

Table 24. The result of two-way repeated ANOVA for Music tempo and VE
according to recovery

Variable SS df MS F D 7 i

Between Subject
Group 13.84 2 6.92 146 865 014 070

Error 992.92 21 47.28

Within Subject
Period 21249.76 1 1682590 332.101  .001 941 1.000
Group*Period 102.25 2 40.48 799 487 071 186

FError 1343.70 21 50.67
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Figure 12. VE change according to recovery time difference
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+ <Table 25>, <Table 26>, <Figure 13> #| A3} t}.

Table 25. VO2 change according to exercise time difference

Period
LA A 1set 2set 3set Total
Group

Fast Tempo' — 331.6+90.4 1931242275 1919.5+227.9 1989.9+241.3 1537.6+196.8
Slow Tempo®  288.8+31.4 1879.8+160.7 1894.0+202.2 1862.4+273.4 1481.3+166.9

Control® 310.9£30.3 1897.5+164.9 1915.7+195.1 1807.9+268.7 1483.0+164.8

Total 310.4+58.2 1902.8+179.9 1909.7£199.9 1886.8+261.8 1501.7£175.5

FT, Fast Tempo, ST, Slow Tempo, (mL/min)

Table 26. The result of two-way repeated ANOVA for Music tempo and VOz
according to exercise

Variable SS df MS F D n B

Between Subject
Group 792835 2 39641.7  .398 676 037 .106

Error 2089709.6 21 99509.9

Within Subject
Period 45475269 1 29558390  895.08 001 997 1.000
GroupxPeriod 81640.6 2 26532.7 .803 504 071 .206

Error 1066920 21 33023.1
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@ % A ANAEHAFVO, max)
SOHE Ag A 27 £% Aol 2 AYMEAL Asd dF 2

+ <Table 27>, <Table 28>, <Figure 14> A A3} t}.

)

Table 27. VO, max change according to exercise time difference

Period
LA A 1set 2set 3set Total
Group

Fast Tempo' 5.8£1.3 27.0+£34 28.1£2.9 31.4£2.9 23.1£2.7

Slow Tempo® 5.3£0.9 204117 249134 26.514.8 20.5£2.7

Control® 72121 25.1£3.2 28.312.5 24.8+3.0 21.4£2.7
Total 6.1£1.7 25.912.9 27.1+£3.3 27.6t4.5 21.7£3.1
FT, Fast Tempo; ST, Slow Tempo (mlL/min/kg)

Table 28. The result of two-way repeated ANOVA for Music tempo and VO,
max according to exercise

Variable SS df MS Va D e i

Between Subject
Group 108.6 2 54.32 3.718 041 262 616

Error 306.8 21 14.61

Within Subject
Period 7781.8 1 2805.6 4045 001 951 1.000
Group*Period 169.3 2 31.06 4.402 001 295 963

FError 403.9 21 7.058
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SOHIE Ag A @7] £F Aol mE EEE Wl e A3 <Table

Table 29. RQ change according to exercise time difference

Period
LA A 1set 2set 3set Total
Group

Fast Tempo'  0.89+0.04  0.93+0.07  0.93+0.06  091+0.06  0.92+0.07
Slow Tempo®  091+0.05  0.96+0.08  091x0.04  092+0.07  0.93+0.07

Control® 0.95£0.06  0.98+0.08  0.97+0.06 0.89£0.07  0.95£0.07

Total 0.92+0.05 0.96+0.08 0.93+0.06 0.91+0.07 0.93+0.07

FT, Fast Tempo, ST, Slow Tempo

Table 30. The result of two-way repeated ANOVA for Music tempo and RQ
according to exercise

Variable SS df MS F D n’ B

Between Subject
Group 013 2 007 609 553 055 138

FError 230 21 011

Within Subject

Period 032 1 014 3.273 .040 135 636
GroupxPeriod 022 2 .005 1.161 342 .100 361
Error 203 21 .004
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Figure 15. RQ change according to exercise time difference
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Al A7) %5 A Zolo mE MET ®sle] st A3= <Table
31>, <Table 32>, <Figure 16>°l A|A| 3} %t}

Table 31. MET rate change according to exercise time difference

Period
LA A 1set 2set 3set Total
Group
Fast Tempo' 1.2+04 7.3+£0.6 7.310.5 7.6+0.7 5.910.6
Slow Tempo’ 1.2+0.1 7.2£0.6 7.3£0.7 7.1£09 5.7£0.6
Control® 1.240.1 7.3+0.5 7.4+05 6.9+0.8 5.7+05
Total 1.240.2 7.3x0.5 7.31£0.6 7.2+0.8 5.810.5

FT, Fast Tempo, ST, Slow Tempo

Table 32. The result of two-way repeated ANOVA for Music tempo and MET
according to exercise

Variable SS df MS F D Vet i

Between Subject
Group 63 2 31 40 67 04 11

FError 16.3 21 8

Within Subject

Period 667.9 1 3911  1098.2 001 981 1.000
GroupxPeriod 1.2 2 0.36 1.0 404 .088 .268
FError 12.8 21 0.36
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<Abstract>

The music tempo during the walking exercise
is the heart rate, heart rate variability (HRV),

Effects on lactic acid and aerobic variables

Jeong Se-Young

Department of kinesiology
General graduate school of Jeju National University

Jeju, Korea

(Supervised by professor Young-Pyo, Kim)

The purpose of this study is to study the effect of applying different music
tempo to the heart rate, heart rate variability (HRV), lactate and aerobic
variables before, during and after exercise in walking exercise for male college
students. A total of 10 healthy male college students in their 20s in ] region
were measured repeatedly three times by applying different music tempos. When
walking for a total of 30 minutes at an intensity of 60-70% of the maximum
heart rate using a treadmill, it is divided into fast tempo (120-160 bpm), slow
tempo (60-70 bpm), and control (no music) groups, and random cross—mix design
( Randomized crossover design) method was applied. Measurement data is SPSS
Ver. 22.0 was used to calculate the mean and standard deviation, and two-way

repeated measures ANOVA was used to verify the interaction between groups
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and periods, and one-way repeated measures ANOVA was used to compare
differences between groups. repeated measures ANOVA) was performed. The
Tukey method was used for post-mortem verification, and the significance level
(p) of all analyzes was set to .05, and the following results were obtained.

First, there was a significant difference in the interaction of the maximum
oxygen intake during exercise according to the music tempo.

Second, there was a significant difference in the interaction of lactic acid in
the recovery phase according to the music tempo.

Third, the fast tempo group was higher than the slow tempo or control group
in heart rate, ventilation, MET, and oxygen consumption during exercise
according to music tempo.

Fourth, there was no significant difference in the interaction of heart rate
during recovery according to music tempo.

Fifth, there was no significant difference in the interaction between the heart
rate variability according to the music tempo, but the result was statistically
higher at the fast tempo during exercise than the slow tempo or the control
group.

Sixth, there was no significant difference in the interaction of lactic acid
during exercise according to music tempo.

The above results show that fast-tempo music during exercise and

slow-tempo music during recovery have a positive effect.
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