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Abstract

This study aims at inverstingating effects upon Ve/VO2 caused by four trpes of
Hand, Leg, Back loading and without loading. These measurements and analysis are
made with co - operation of 5 male and 5 female college students as subjects.

1. VE/VO2(M)

1) During treadmill exercises, all weight levels kept from 42.827%(MLW) to
32.925%(MBW), But the levels were reduced gradually after 3.50 minutes. But
from 3.50 minutes 8.0 minutes. They kept the same level. But after 8.0 minutes
the levels increased stop by step. The records of all out were from 34.160%(MNW)
to 28.3909%(MHW).

2) The R? of the regression line(below 10.764) was constant, but MBW and MLW has
a high statistical significance level but MNW and MHW had not statistical
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significance level of P<0.05.

3) In normal distriburion of Residuals scatterplot, MLW and MBW are normal but
MHW and MLW are almost normal. However, in independent variables, MNW is
normal but MHW, MBW and MLW are almost normal.

2. Ve/VO(F)

1) During teradmill exercises, all weights kept high level from 52.140%(FNW) to
41.045(FHW). But the levels were reduced gradually after 3.50minutes. But from
3.50 minutes to 10.0 minutes. They kept the same level. But after 10. minutes the
levels increased step by step. The records of all out were from 34.160%(FNW) to
30.6209%(FHW).

9) The R? of the regression line(Below 18.138) sas consistant, but FNW, FHW and
FLW had a high statistical significance level, But FBW had not statistical
significance level of P<0.05.

3) In normal distribution of Residuals scatterplot, FNW, FHW and FLW are normal
but FBW is almost normal. However, in independent variable, FBW is normal but
FNW, FHW and FLW are almost normal.
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B2 shed 288 $5EU 78 L5y e AR 02 F7ND § YA d dajr e
tE A glot, a8y L B8 2Ay gy T 2} ol x) ZH(Energy cost) Sof W=
°] dojdthe R 37} Roh(Bruces, 1973 ; Burkettes, 1985 ; Calting, 1979 ; Gravess,
1988 ; Hamillg, 1988). = 3% £EA o= §2 22 A &5 gty s g
S7HT, EHEY 34 Fol £0] NS A s TH ¥ T 8 1, Egey
TIDE RS ool e ety g, = AaH]Fo] 2 ol W P A g me
oz By § ATHGravess, 1987 ; Jackson¥, 1973). 11 U 2, t}e), %o B3E a3
A 23k Mo e oy 2uoa e sge M2l Ve/VOzo] 818 wlm B35 A, o)
= EUE Ego]d Wilou} £ 5300 48 yue ATE AL 3350,

TRBVF(VE)L 1¥ 59 F719 579 279 o = %39, Ve 18] 5FHTV)x 2
T EEFD S5 AFEG = 25 Zoj= =52 &Fo] F7H) whe My A4 Sg
°l S7stH, 22 98] A4 3 HV0)e) 277} 87 1, 3F¢Y 7159 £3o] Was
A Bt Ve 2850 F7lsln g 2y B71%e] S7he £33 289 o 8a )
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2 A7) AL n)=2 The University of Kansas u) A 43 g4y 2tz 5oz £ 1090

AT Y AL 9AR§S 7= FAES Doz ATAY LS Yo F ez 3
A 127, A2 99 FojA] wWelo = AT, AZF} A2ARL nad sy 29 (Random
sampling)2 A&} g oo} A )ite] XA A £A L Tab. 1.3} g}

Tab 1. Characteristic of Subjects
Age(yrs) | Height(cm)

RBP(mmHG)
120/80

Weight(kg) VC(Vmin) | Body fat(¢) RHR(bpm)

Male

SD 10/00
Female 120/80 67.0
SD 0/00 2.0

* RBP : Resting Blood Pressure. VC : Vital Capacity.
RHR : Resting Heart Rate.
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Tab. 2. The instrument of test

Instrument Model Company
ECG Monitoring System 621 B Quinton Instrument Co
Treadmill Control ”
Oxygen Analyer LB-1 ”
Medical Gas Analyer(Co2) LB-2 "
Data System IBM Zenith
Gas Tank Q2 : 15.1% Coz : 4.98% Linde Gas Co
ECG Electrode NDM Daton Co
Parafilm M Greenwich Co
Alcohol Swab B-D Becton Dickinson Co
Glove NDM Dayton Co
Nose Clip ” ”
Mouth Piece ” ”
Spirometer " Olathe Co
Stop Watch Quinton Instrument Co
Stethoscope 14730xP ”
Mercury Sphygmanometer ”
Lange Skinfold Caliper Cienetific Industries Co
Body Load ”
Height Scale ”
Weight Scale "

3. ATAE Y U

A7 gl dE AR ARE AT F 43 23 WY AP, 54 R P Tl O
Q A7 2 ZH) FA F1E 2 $ANE B

D AF7IL
A77]7He 19944 29 193 E 20 el 37 3k] 951 8Y o) AR EA B, Z3A 9
Ha MM 521t Al A S naldtd R8T XA Af7E A ZRsta o, ¥
R&, ohe] B3}, 5 2ete] 2% §3 intervalg 10¥0]4 Wz ste] 2719 YL HU=
13 ¢ U= E AT

2) Z33
2 AT7E B 2, g 24, 5 Poke ¥oE FA g oA o2 34, 2342
27 & 3kgel 5312 Tab. 334 2 °] Maximum Bruce Treadmill test protocol 2 &% sttt
Treadmill testi= thAHAI7H A Lo W E(Belt)e] F% ¥ro] $dg @iz Ao, 233 24
222 981X 1.2mphs} 0% Aol A ok 383t 7HE A At ggol A& FA ¢ R -5}
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Tab. 8. Maximum Bruce treadmill test protocol

Stage Duration(min) Speed(mph) Grade(%)

Warm up 3 1.2 0

1 3 1.7 10.0

2 3 2.5 12.0

3 3 3.4 14.0

4 3 4.2 16.0

5 3 5.0 18.0

6 3 5.5 20.0

7 3 6.0 22.0
Cool down HR7} 120bpm ©]3 1.2 0

*(FHILIETES, 1986 ; Osness s, 1991)

BUN )

$EE 17mph, AAhE 10%2 S71€0 o] A9} 1 g BE wAe 32 A A&,
# EAE 05-0.9 mph $E2 7450 AL 278 Z7H8T) Treadmill testi o)
L2 G o]} A& 4 9L W7z A s, g Z=E7} 43 3 2] & 5(Cool down)& 9] 5}
1.7mph & % 9} 0%2] 7] A}oll 4 120bpm o] 8}2] 4] U7 € g 4A) d e

All oute] #et2 a2~ Ggtel A 8H20mmHg o] At AR Wt Data systems)
71535 F4, 4229 A4 27425bpm °18), BEIAV dZo] Fuls) A v, Bayge
HE AU FEZHE Vel o, nagaz &€ € Treadmill &5 & %) A|Zt}.

olEF ZHE A =3 308 Mo 23 71720 & Set —upAl7)H, 34 exE 21° +
UcZ fANIN Y, F2& 55+5%9] 52 4] ot

Gas calibration2 Balance Nitrohen, Oz 15.1%, CO2 4.98%7} £ 9 EZF GasE A& 3
028} COz2 - Analyzer& B3 ot

HE3A F312¥A ECG monitorg $3}o] Alupa A3E BAE] At e sp&o)
ECG electrodeg ¥ A7) 1, HAE £ mou} w2 el 9% noised W= 7] 9 std
Electrode®] ¥ ¢} Surgical tape® T}A] nEAZ o, 23 vtz Aol hAarxte A3 719
< Data Systemol ¢} 2 5} BTPS3 el = B3 3o}

Traedmill 5% 2|3 N YeE 2337 9 st} EFR3he AFEH oo AEAo
2 #§5 € Data System & A}4-3}0] AEEejol dng AHE Gas £47] & o] &3l $5 3¢
Ve/VO2E uj) 30&vlc} &4 g} ).

4, N2 Ae

2 AT AAE 23 AR mE A8 = The University of Kansas®] National Supe-
rcomputing Network(KUHUB)4} ol 4] IMSL(International Mathmatical and Statistical
Library) Software Packages& A}-4-5}o) Data 24 & 5n AN QLT 2o yyos
dA R
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(1) 2t B8t 224 ol ¥l
(@) NZhel B2 7t 23 F27he] FBA S BEAALH
(Simple regression analysis)

(3) B-AE M (Analysis of variable : ANOVA)E $& #2942 2z AA

I. #HFE BR

1. Ve/VOz2 (X

A} Ve/VOz2] 5% A3 Tab. 4.9} Fig. 10 vtehd vheh 2ot

Tab. 4. Time series data of VE/VO:

Tme | MNW | MHW | MBW | MLW | FNW | FHW | FBN FLW
0.5 40.418 35.632 32.925 42.827 52.140 41.045 45.428 48.450
1.0 32.375 32.625 24.540 33.917 43.273 38.750 39.215 39.440
1.5 29.968 28.395 25.080 30.400 42.270 35.507 23.395 36.768
2.0 28.608 26.090 26.335 29.773 39.323 36.722 27.155 28.085
2.5 27.693 21.513 25.600 29.785 38.273 34.253 28.990 27.435
3.0 25.005 20.228 22.948 27.220 33.280 33.275 24913 26.120
3.5 22.780 21.118 21.575 24.743 31.083 29.275 21.720 23.860
4.0 24.535 20.065 21.443 24.843 27.673 26.495 23.875 24.895
4.5 23.398 20.498 22.233 25.655 28.757 22.143 22.790 22.548
5.0 24517 21.142 22.855 25.950 28.795 21.975 21.990 21.398
5.5 24.423 20.645 21.623 26.200 28.587 19.485 22.740 19.500
6.0 23.738 21.815 21.353 25.818 29.230 19.873 24.425 19.053
6.5 20.650 17.298 21.497 26.075 25.493 19.540 25.015 18.313
7.0 25.615 22.363 21.730 26.578 26.925 21.610 24.825 18.993
7.5 24.168 22.9056 22.448 27.795 26.258 22.040 24.615 18.423
8.0 25.597 22.802 22.110 27.823 28.642 21.720 24.597 18.408
8.5 26.005 22.653 23.095 28.895 28.528 21.538 27.238 19.240
9.0 21.125 23.298 22.718 27.935 30.188 23.020 27.198 22.295
9.5 26.472 25.920 23.503 27.405 32.910 22.548 28.008 22.550
10.0 26.528 25.215 24.743 28.958 33.868 24.837 28.470 21.858
10.5 26.028 25.079 26.275 28.410 33.360 | 25.400 29.767 22.985
11.0 25.673 25.113 26.370 28.008 33.565 25.937 30.600 25.170
11.5 26.315 25.990 27.427 29.003 34.205 26.663 31.965 27.353
12.0 26.260 26.400 28.510 29.335 36.773 27.807 31.293 28.960
12.5 29.280 26.500 27.590 26.440 36.760 | 29.553 37.337 29.870
13.0 30.473 27.320 28.387 27.677 29.880 29.380 36.075 27.630
13.5 30.670 27.695 29.420 28.260 31.720 30.620 31.820 28.790
14.0 30.627 27.645 27.7120 29.420 32.140 32.330 31.550
14.5 30.867 28.390 28.800 30.040 34.160
15.0 31.870
15.5 32.330
*MNW : Male no weight. MHW : Male hand weight
MBW : Male back weight MLW : Male leg weight
FNW : Female no weight FHW : Female hand weight
FBW : Female back weitht FLW : Female leg weight
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VE/VO2 DATA VARIATIONS ON TIMES
(MALE)

T T

—7 L — T T — —— T T T ; T . T
05 15 25 38 4.3 85 a5 7.5 ' 85 a5 105 ' 118 125 135 145 455
TIME(min)

—#— NOWEIGHT —+— HAND WEIG —%— BACKWEIG —&— LEG WEIGHT

Fig. 1. Ve/VO: data variations on times(M)

Tab. 5. Simple regression analysis of VE/VOz(M)

MNW MHW MBW MLW
R? 0.009 0.004 10.764 5.000
P - value 0.9193 0.9926 0.0005 0.0200
Regression y=27.09+0.01x y=24.28+0.006x y=21.7440.36x y=30.18 - 0.25x
TF P - value 0.0388 2.000 0.5152 0.0000
ND N AN N AN
RT v N AN AN AN
*TF : Test for lack of fit. RT : Residuals test.
ND : Normal distrubution 1V : Independent variable
N : Normal AN : Almost normal

Ve/VO2 g ate] th @ A3 E Tab. 4.9 Fig. 1.olA 452w Egcy 2% 34
32.925%(MBW)°1]A1 42.827T(MLW)=2 A3 =o FFoz A]Z}z‘s}ﬁis_b}, 3E 09 =

R

21.1187%MBW)l A 24.743(MLW)2 3}& o}z t}. ol ] ot el = 8%l 22.110%MBW)9
A 27.823(MLW)2 Ao B 4HE fA3¢ o} EFEdY 5o &3 B
28.390%(MHW)9ll 4] 30.040%(MLW)Z t}A] 3}& x}& FolA Edl=d $5o] Bye me
32.330%(MNW)<l| A 28.390%MHW) Ato] o A &ytc}, & 3 47}A) §81271 & MNW, MHW,
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Tab. 6. Analysis of variance of V&/VO2

R? P - value Df Coef(T —value - probltl)
B0(23.285 — 0.000)
0.009 0.9193 115 B1(0.102 - 0.9193)
BO(25.077 — 0.000)
0.000 0.9926 106 B1(—0.009 - 0.9929)
B0(26.967 — 0.000)
10.764 0.0005 109 B1( - 0.009 - 0.9929)
B0(35.298 — 0.000)
5.000 0.0200 108 B1( - 2.362 - 0.0020)
063 0.0036 103 B0(19.119 - 0.000)
B1( - 2.982 - 0.036)
. o B0(21.371 - 0.000)
18.13 0.0000 ‘ B1( - 4.588 — 0.000)
B0(11.737 - 0.000)
0.184 0.6683 102 B1( - 4.588 - 0.000)
B0(18.911 - 0.000)
13.988 0.0001 99 B1( - 3.972 - 0.0001)

MBW, MLWste] S8 & zto] 7} glol B &l fle A= Vel

Tab. 5.0904 @& SRS AFHE B4 3F FHA ol 3 w2 ol 10.764MBW)°] &t £ oF
= ugkom, o] A A A F448 FFIME MBW(0.0005)$} MLW(0.0200)& £-2 &
o1} MNWe} MHWE §9 84 £38ch 283 24 A% g Bnv AFA A MNWe MBW
= mrEsht MHWS MLWE ot slolwth. B¢ =g MNWe TE34 MEW,
MBW, MLWE 2k loj o

Tab. 6.9] BAEMA A HAol A fo4d AN MBWs} MLWE #oj& A2
Jelt ol MNWel MHWE §93HA] R332 e

2. Ve/VO2Ad A

3 Ve/VO29] &% 23t Tab. 4.9 Fig. .o Ve ulel Zo] EH =Y +F A& A
59, 140%(FNW)A| A 41.045%FHW)Z 333 & FFAAM A Zatg ok, 3% 30k
31.083%FNW)II A 21.720%FBW)2 &% ottt ol @ el 1084 33.868%{FNW)
o)A 21.858%FLW)Z A< 3 AHE FAsH A 2& A& Fold EHEE %
o] By}S wE 34.160%(FNW)e) A 30.620%(FHW) Atol ol A Byrh. T 471A) w3t 2
she] =99 ol 7k glo} ATl gl Ao = vehytth

Tab. 7604 Axte] @& sARA 24E 23 A A o) g A2 o] FHW(18.138),
FLW(13.988), FNW(8.093), FBW(0.184)¢ 2. 2 Yeh o} ygton, o A HMd i
6] AR A= FBW(0.6683)8 A stae #A¥ A= vebgth aeln 2A AR S
B, Ao & FBW7 3t foj ot FNW, FHW, FLWe gEgon, YA FBW
2 )¢5t FNW, FHW, FLWE 23t Hoj st
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VE/VO2 DATA VARIATIONS ON TIMES

(FEMALE)

(0]
(o]}

20t —-\ s ““‘ﬂ;?‘m =

05 15 25 35 45 55 ' 85 75 ' 86 ' 95 105 195 125 185 ' 145
TIME (min)

—=— NO WEIGHT —— HAND WEIG —+— BACKWEIG —=— LEG WEIGHT

Fig. 2. Ve/VO: data variations on times(F)

Tab. 7. Simple regression analysis of VWOz(F)

FNW FHW FBW FLW
R? 8.093 18.138 0.184 13.988
P - value 0.0036 0.0000 0.6683 0.0001
Regression y=38.71-0.78x y=33.07-0.97x ¥=27.15+0.13x y=30.89 - 0.87x
TF P - value 0.0018 0.0003 0.5761 0.0000
RT ND N N AN N
v AN AN N AN

Tab. 6.9] 2HEHAAN AN G $24 HA L FBWO.184)= 9 81x B ot
FNW, FHW, FLWE= #-9]§ 2l o 2 Jel gk}

V. & &=
28] W W 2 2547 Tl £EAED 22 $SERTAN § ZokAstrand =
1964 ; Rasmussen 5, 1975). 3&F S7te F71H 22 Hale 3§ Fd sFN 7} 2718

A ol FolAn Utk EFFY ol Hul A AR FHRE W Tk 2 A
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S . gu 4h A 2 AAEAT FEL ZEAE BEEAS o) 541 A7 bR
Z .

o)A e WAl 520} 7 ol A& F2o) AA FPEA Fevte A& AT F
2o @ LR FAHE e T LEA TFF A FF0] O] EEAGHIRHTIL A
A 8 t}.(Miles =, 1989 ; Pendergast &, 1979)

29 e £F 20 2/HATh AR 2R F Fhe 55
2o A9 E One) 5t B AT E COsFel B7hel vl Bk 23R
tatol o] 2R S Wwk A AT v A et 2R AdE 2FAA= 0 2 AoH|
O COx Al A e BaAdl metd E3ergo] zddvke A& ov @k s} TEA A2
A AHFRTE BY8r)Fo] o Z7HAcE AL BI#7 Fe] A 3 5F719 5HE %

Aste A 2R E gette A& TPHFax 5, 1976).

B AN VelVoze] Ma7} - o] 23] EFTY £5 AFA 333 g2 FEL2AH
s o1}, 38 30% oA 10274419 &5 3ol Aol AR E FANAT 2HY TA
2 242 zold EF =Y £F0] B fE £F AFARG thh Re FEAA Ewrh
T3 47) B3t =AM Zol 7t glo} Aol glE AL Vet oA BH G e A2
2ELu 5 B4 AFYEE AR 2 o) WEole Ardnh 2yt F EEFH Aol
25 S BRI/ E P 1AL A A 2 B £FA U A2 PAZFL v E @
A 60~80%2 YERIEUA A& & ot ols 2L #de QA 2EH 2 GE F
o Mmstd 2 £%0] ¥ rie AL gugth 25 FHe w2 AR WSS 453
2o EYH oz vehdr. 23U 34 AP ez #AF o gith(Reybrouck T,
1975)

\l

V., %

B

Quteta - o] 2 5EA L e R B B8, kel Y8, 5 ¥a, ¥ o} 2] VeVor
of o WS 71AH 2 A 5% BAR ADE 2o g Aot

1. Ve/VO2(Ah

DEH =Y &5 A 2HA] 42.827%MLW)o| A 32.925%(MBW)2 %3] £ FEIM A%
s o, 3% 302 7A & 2& RolAth ol ¥ ¥H 8¥/A E £83HE AL ©
A] 32 ol All outr] ol &= 32.330% MNW)ol| X 28.390%MHW) Ato]ol| A &Rt

)5 AR Mol g A 2(10.7640] 3ho] obF wskom, fA 73 (P<0.05)% 4 MBWst
MLWE #2932, MNWe MHWE= #9312 Z3ot.

3)2 3zt AR & AFA A MNWe MBWE #&38y MHWS MLW oFzt Blojyich =3
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B AW, 08 A%, 5 AR V0ol o] F &= 3%
=¥4& MNWE %331 MHW, MBW, MLW= }7} 91 o] %tet
2. Ve/VO2(0{x})

DEHEDY &5 A=A 52.140%FNW) A 41.045%FMW)= 433 & A A2}
St o, 38 302X & A& WolA. o] TRE 10274 AE 8 & §A) 3t
THA] AHE EobA All outAl o) &= 34.160%(FNW)ol) ] 30.620%(FHW)A}o) o A &ykt}.

23 A= el g 4 2(18.1380]3))0] o} wgton o1y AR (P<0.05)9 A FBWE
A 9831, FNW, FHW, FLW: §-9 git}.

ITAAF L it o)A FBWE %3k Hloj o1}, FNW, FHW, FLW HEYch =3 =
4 olM = FBWE B3 01} FNW, FHW, FLWE: °F2} 8o i},

2% i
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