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Exercise in physical education class improves endurance capacity and muscle
strength in graduate students

FUKUSAKI Chiho "’

Abstract

Studies have shown that one session of exercise per week in physical education class improves the physical fitness of
undergraduate students. Meanwhile, to the best of our knowledge, no such study has been conducted with graduate students
thus far. Therefore, this study aimed to investigate the effects of exercise on graduate students through a physical education
class. The class comprised lecture and exercise training and the duration of exercise was 40 minutes. This study specifically
investigated the effects of this short-time exercise on the physical fitness. In one session, students ran 2 km in the aerobic
exercise part and did 1 set of 9 machine exercises at an intensity of 70—80% of one repetition maximum (1RM) in the
resistance exercise part. After a 4-week training period, students were instructed to try 2 sets of machine exercises (not
necessarily have to complete 2 sets in all 9 machines). Both Japanese and foreign students took this physical education class.
To limit the data attribute, this study analyzed the results of only male Japanese students (n = 213, 23.4 * 2.1 years [mean
+ standard deviation]). Endurance capacity and muscle strength were measured before and after an 8-week training period.
Muscle strength was additionally measured after the 4-week training period. Endurance capacity and muscle strength were
evaluated as running speed at target heart rate and 1 RM values of the 9 strength training machines, respectively. The target
heart rate was calculated using the following formula: (220 — age) * 0.75. Running speed significantly increased after the
8-week training (p < 0.001). All 1RM values of the 9 machines increased after the 4-week training (all p <0.001) and further
increased after the 8-week training (all p < 0.001). Additionally, there were significant negative correlations between the
initial value and the rate of increase through the 8-week exercise training in all physical fitness parameters (running speed and
1RM values of 9 machines, all p <0.001). These results suggest that one session of short-time exercise per week in class can
improve the endurance capacity and muscle strength in graduate students and the improvement is greater in students with lower
initial levels of physical fitness. Graduate students have a lesser chance of doing exercises than undergraduate students. This
study demonstrated the significance of a physical education class in graduate school.
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75%HR,,., FEOEREOMIMHEE PL—=V I X A%
LB L OB LR Z 3R, FE & A LRI TAE%R
BOMBARRE/RL (r, = —0.479, p<0.001, 95%CI =
[-0.579, —0.367]), MHMELZLRD T7HELAD
FHEARAFREZ R L7z (r,= — 0.507, p<0.001, 95%CI=[—
0.603, —0.396]). 1IRMfHIZDOWTIE, WIFho~v v
WZBWTORIMEE ML —= 2 FIC X AZALRICER A
ORI SN (M4 Ly F T2 A5 ay,
r,=—0.524, p<0.001, 95%CI=1[-0.619, —0.413] ;
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T 8HEMO M == LB bEARL, HIIEELRT. ERCTHIES O ETho72 4 DT =5
(O) &, ZARZERTEERELIATAD LI T T ADME B2, WMHHE & ZLROM BB RO E ik
1IEBRAE L7z, 7 1% Spearman D NERTAHBIR L % 7”3,



RFFRBE IR —VFERR

Vy 7T AT vay

150
°
100 |
# 50 -
= =
& &
0 -
_50 1 1
0 50 100 150
e (kg)
FxAMNTL R
150
* o I:=-0.335
100 |
% 50 Ln
=) A
~ ~
S ° &
0 -
-50
0 50 100 150
e (kg)
T — L=
150
°
rs=-0.425
100 |
% 50 -
= =
ok
-50 P - 1
0 50 100 150

wHtE (kg)

150

100

50

-50

150

100

50

-50

150

100

50

-50

Ly 7 h—

ry=-0.480

50 100

wiE (ke

AR Z A7

150

re=-0.461

50 100

i (kg)

150

FIA Y TRTVARY Y

ry=-0.563

0

5

0 100
wiE (kg

K4 &Y vIcEIT3 IRM OPEREE ML —=2 T Ic & BELFE
ZAesiz i L 8D b L — = FROENSHEIM L7, 113 Spearman DNRALA BRI 2R

A0 4 0V T TVADRMO A r — ViR 5.

Ly 7 A=), r,=—0.480, p <0.001, 95%CI = [— 0.587,
-0356] i 41254 Ly T VA, r,=—0.344, p
<0.001, 95%CI=[-0.463, —0.212];F = A M T LR,
r,=—0.335 p<0.001, 95%CI=1[-0.455, —0.203] ;
Gy N TFINF T r=-0.461, p<0.001, 95%CI=[—-
0.565, —0.342]; > a V¥ =7V X, r,= —0.417, p < 0.001,
95%CI=[-0.527, —0.294]: 7— &% — ), r,= — 0.425,
p<0.001, 95%CI=1[-0.534, —0.302] ; k51t 7
ATVAY Y, r,==0.563, p<0.001, 95%CI=[—
0.653, —0.4571; 77 K3 F ), r,=—0.483, p<0.001,

95%CI=[—0.585, —0.367]).
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72, HIOEERE
ML —= 2 RIR4EET b

L—= Y FRICHARTHML, 8HAKTIZ ML —= 2 74
RLLABE D BB Cwiz T K howmiEE b L —
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72 ) OEBFERERERIAE N Z L DM TH o 72 A
BhL—=Y 7N L —or Z &by T400 12
DWEMTHEM L 72720, AWML —=r 7 [2he
O B % MR L 72— A T2km] & L7z BH
FL—= Y ZEHEPEAEIZIRDO Y Y YR ENRENR [T0~
80%1RM OB T~ 12D YR L &1Ly M| %/
VL, HRPEARIERME R2AS212y M HHH) H
DLV YWBHIUIY ML) e L TAYA
AR —V RS DOEFTOFENE (Riebe et al. , 2018) 12 LT,
— IR ADEEAN L — = 7 oRi#EE [1H30~604%
OHREOFMEREOEE) ZEIC5 HLLE, F721X1H20
~ 605 DEREDABEREEOES Z BHIZ3 AL, mEihE
&AM A A DE S A 12131 H 20~ 604 O EE) %
HIZ3~5HL ] ThD. wEOIaE R L 7o)
BREECTHD &, HEREEOEE) L 64 ~T6%HR,,, =iHE
DEINIT7~95%HR,, &> TS, — T, I b L —
v 7oL, ENR ML= 2o TR A
TlX, —2OMEEIZDE [60~70%1RM OETFTE~12
O RELELEYy beL, 2~35DA4 5 =)L T2
~4t vy MNEM. FNEE2~3H]THY, ENL ML —
=2 T ETo TV B NTHE, FRLEMEDHEED [80%1RM
DEWCHR2 L9 HAICEMEES] LhoTwna, SHIZ
29 LIS~ IIRC T2 000, HERLEIT
Bl L=V FEERTH -7z ZhE CHIEIOKE
BEIIBIDLHENI ML —= 7125 oT, oty s
CEEMELCELETMEDO ML —= v TEEARD L,
R EAR(2009) B X OHA A (2017) OFATIIZETIL,
1 ORFZERFFNIZ, 70%1 RM FEOEM T 10 IR
DR E LA D LB 38y MIFERL TS, MHHK
&, ehen [6fH] & [A7hLb5HH] Thot
BEH: - W11 (2013) DFEATIIFETIE, 16FE8HO 7 = 4 b b
L—=r7%70%1RM O AR TRK1 1y M2z 35
Hozo— L —=Z %1ty VERLTEY, v b
HIP Wb OOMEENIZ N L -2V TNEL 5T
VW5, N (2000) OEITIIE T, KFRFAEDHRE LS
HELTBY, 50%1RM OEM CRAEMBAZFEEIC X -
T20[ F 721215 E L, 2y b b L—= ¥ 7 2 E
LTWwa, AETO ML —=2 ISR THA
BRWNL—Z 2 TETH-o720, F—=r 7EA48T%,
QHAZICIRM A LA TAHZ L &2MERELZ. PL—=V
TR T 2HOIEEE 2 5 L, R4 MEERO
JEIHAME U (Moritani and deVries, 1980 ; Sale, 1988), /i
HIs ER L 72 TREMEASE 2 5D, P4 S SICH)
DD EF LB, MEROBLOHRTH DN, L L
THHRKOSEDHE LTI onTIE, Bt A
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RIZBET BMEZ T T RWEOARHTH S, KIFED
JBisEOTIE, vY raffiol ML —= v FERERKT S
OPNDTE VI FEDLGFEN TN 020, Af7E
THOLNAIRMED ERIZIZ~ ¥ Y~ DB FEE) L
BRLTEINTVELEEZOLONL. L2LEDNS, ML —
SV TR R LUFER L 7248 H DT IRM X EA
LCWwiziew, HICENOEEIZT TR, No—=v7
2L BEBEIZE L Tz EZ TV,

ML == IR, RERETOFAN L —=
VT ORFAET BEATIIZRIIA R K, T [RIRLSER
OHN] EHE L TWEIEIEEA LRV, B2,
PO LT 0¥ s A FEhE L 7ok 2 RiZAH (1999) D
FATIIZE T, FERI60 T HITAD L7 O ¥ 7 AFEEKIZL - C,
HERHLT )L T X — & — % W CllE L 7o AR R
B Lo Wi LTWwAh,. —7, RO 5N
72E LT B FIZA (2017) OFFZETIE, RN
ML == FEHAN L —= 0 7R FERLTBY,
HAR ML == 73 by FIVvaHWes = v 7%
ITUNA T % ERER 2055 L EFER L T 5. K%
TE2km DT Y=y 7R ER L7225 1 km % 105
OV DSL VDT =2 7 T2 km % 2055 0H 5 FHE
E% B, AN L —= 2 7 %2050 DL EER L 7247
Hidnhrozb ol Bbhs, EBIZ, OHETOERD
FOTHREDORMEZFTETTBY, ZORMAED %
WEEDEER o7z A00m DT Ty v Fx 1ET
BIENWTA—F U TT YA Y MOUHBEIER S LD
Rl T, HEMOEEZ THLZ 2L, LAR
REOD I TES TWEFENIEA L TH 72
137> (2017) OFEE L 72T, HAN ML —=27
DT BRI <, BE2043 PLE & v ) RS
BT 2 ROATH 7205, D7 & HRFRICE L Tidgk
e L ) D RVEMFFAR N L —= 0 7R FEfE L Tk
W2 B, ARWIFETE, BLIR2 km &) BHWEHO T~
=V 7% T5%HR, & THIG 2 VVEEETERT LI EI2L
D, SHEERIFFATINI LT B &V )RR TR L7

KRG TH S N7 KD LD ED L OO KT &
B H 5 A BRES 5720, FHEHOMEE ML —=
YL B E OMBIBRE RN 2 A, TRTO
HHIZBWIABRLRAOHBMBRIRO bz T4hbb,
A% — MEOHEIMEN AT E, ZOEEDO ML —=27%)
BB EHW S ol O L) HEOHEER
X, E1FOEENTORI ML —= 2 7 ORFEEBGEEL
72k - A (2009) B L OEESH: - BT (2013) DIEATAIZET
DHERINT WG, /o, BETERW ML —= 2 7FEERR
IZBWTH, B b —= 2 7 ORIFIIEE MR ALE
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EEWT EHHRE S LT 5 (Hikkinen, 1985 ; Peterson
etal, 2005). ZAuUd, AWFED L) HBELZ) DL —
= 7w (A XD Z LU X 2y M) ORI b
L—=7D&% 5T (Peterson etal, 2005), 7 A1) H1 A
R—VEFEDTEH (Riebe et al. , 2018) TREN/Z L D 7%
ToHBHI ML= Y TR FER L7 EICB W T H RS
T\ % (Hikkinen, 1985 ; Peterson etal., 2005). —7,
FEAM I L —= 2 72 BT 2 EIE—2LERBRIC DT
(&, FEEOMBRY) BEERTOMEII R, A MED
LGRSO ML —= Y TEERAEN N L= 7E
Brecoih b v, 7 2 A AR— Y EFEEOHEST (Riebe
etal., 2018) TRENTVE L) B THLEAN L —=
Y7 RGN L 72 E2IE, FEADIIR RIS B i E O
BT, BIEMEROZENTRNEFTONL TS
(Sarzynski et al., 2017 ; Williams et al., 2017). L7255 T,
AAFFEZ BV TR S NAIE—Z =R, ML —=
YTREMPD L VE V) FETTELZLDTHL D L
v, ZOHIZOWTE, %S 52 DMRENLETDH
BH, A7 LA TIE, BLEI2 km &V v R L—
=V TEEROFFAR b L — =2 72BN, FIMEAMR
NIEREDPEHAE N ZEERFNTR LI LW D,
SED N L —= 2 T ORRABEDSTR I O L X
WS, EIERER &EBE R 2 E ORI X > Tk
EEND, REZTLIMEOIESSEEH L DD, FAT
WBWTHHIIBWTYH, HIZORBIIBB L £50%
B & F b T 5 (Miyamoto-Mikami et al., 2018 ;
Zempo et al., 2017). WHIDETI L ~OVICBIFRDS TRV &
ZFENIFRATI L W) THEL 5> TE Y (Bray et al., 2009),
POBREINER b A ZNENI L o TRR L. AIHOF
FLAVIMEDSAIEE L —= Y FRRSEn vy 2k
&, bbb EDEHLNVECATIE, 4RO L —=
YZICEBRRIEIBLSIUISVEWVH) ZETOH Y, &E
&) RSN O F T A DRI U723 R0 7 T
L= 7% E L TN e 2EZ L L, ZHFEDR
DL E b L= TNE L TOMRIET 2098035
BILAThN TV RLENH B L Bbh s, wiflokiiL
NN 52 BBIENERIZOWTIE, HEEEOHTD
BRI L WEF RS, —), BRNERNO—DOTH L&
BEEORTIITRETH 5. EEEBLEE) T — 7 VICETE
L, EEEEOH P LR L LIEBERHENTO k
L — = 2 FRIRERGE L 72 eATIgE OUIE2r, 2019) & &
B0, KDL NSEEE SR, BN —=2 Y TEE
LR D ETOREE % 5 EBEE T ZE L5E0trbih
LVENDHEFZEZTNDE, —HT, bedbrofjLx
VDS CIEHENTO P L—= 2 F72F TIERIRDE S U
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CWIBEIZIE, EERMDAATO ML —= v T 0% %,
FEL L TREBIIRTLELHL LFR 5.
KIFRNIZEDOF TORY MATH Y, gL LTHR
RaeGATnD, —D2iF, ML=V ZHNFEETXTOE
HETH—-TETWRWVEWV) KTHL. FHHhL—=
Y OHRYG~8HEE) TIX, ALY Ty Ik
ML=V T8N 5 Tz F 7 32E R o33EL
FRTO b L —= 2 FREBOFNGEIR LT H A INZ %
Molz, WL EoPFIHREF>TML—= v 7 2s
DILFELTWLEERHABY, TNHDOT—5 b EA
PRRL o TVD. O L) BREFEAITS OIS E
BICHLThIr R A THL720, 77— ARICRE %
WEZ G2 TIIWRWEEZTWD, HFERE—ANDE DI
TEISHIET S ML —= v FERICIN, WESEEoa >
I — )V RHIERE EE DAEFEDEE L 200 72 B gL LT
RATHL. K3BLUOM4E AL L, SHEBIHEIET
LTCWEEAEDRND Z e bh5, INHEEDLKR— |
wHDHE AN, WEHOSIRA R T CICERTLE -
72 (FRIZFRATTIEIC BV ) Lo 7za X v %L, 14
MiZ, BIEAKAZRATLEFCZOMTE Lo/
&, BHDHVIMEREIEMLCLE S 2 LDSELI-DOT
vk wnoZza Xy PSRRI LN T2, 8
B, sicdE L <, WEH IERAE T - 72 1) HEIRAS
JETHo720) LKA & Thhro722 &, PIEERD
<Y Y OWERED T TR (TR STV,
FoFREISE TR VR LE), IRMEDE CRED H5h
TLESZ R EEHBENTVDL T —ANE o7z, Fik
WO L EY S Y IR B3R T,
FENHGTHHE R T THhOOMETH Y, F2ME
ORGEIZIE, WA 2 CTHERASE R RS 72w &9
R E 2 THIFET 5 LR Thwizads, MIEREOIRE
DAY ba—=VHPHEEL ozl nwz A, 3 hua— VS
RO LgEE L CORAD—>TH 5. /2, K, K
&, IR L o ZERERREIRC, MR R 2 L o
A ZOflE % FEhti LTI, BIRFEAT Lol
N72F T AR U7 D MRS 5 2 3T &L/
s, GRITEDLETUET L2UENDH L LEZ TV,
BRI, FERLRERE LAR— b, BEAORN AL
WD) B AT o 72, BRI RN A S HE L, LR —
N ERREIIE I DOBALD 75 7 % E L Z UK L TER%
MABEVINEE L7z, LAR— MRETIIRE T 5
JEABIIRD T o 7oAy, T X Y FEEBNTWALFEAN
fiiniz. ZOWOPE, [#REELT B50H
R DI LSO N TRER L T Ed. B2 Hio
ZERPLINFLAD, BFOMNL—= U ZIZRLT, E

129



Bl KERGEREIZEOKNICRIETHR

BIGEHMECE 22 L TH b2 ) RTWVTT. HFO
BUREHY, ZHUSEDETHRL—= 0 72T, bed
LOHSEAAZLIZETHE LW ETY ], 2]
EDO ML —= 2 7T 2 ETH NN LT S L IEFENT
Hot BIZ3MEE, L Th2lEbL—=vr%
ThLRVEERH T ) VDO TIZ RV EEZ TV 2D
T, HHOEKTIEDSHH, ZIUBW. ZhThl—=
YRR, ML TV ZEREITH Y, B2, 3
MRS e AT LA, 1RTOMEDSDH - 720 T
HEN AT T 2 — VEZEEIO 70 WHIFH Tk L T & 7
WhtBozz] [ChETRASOBELTTIL—=>
TEIToTWE LD, RV IRM 2 EE E LA LHIE
L, BYZEMERELTCNL—2 v 7 %iTH &, FL—
ST RLTWT, FNnER) LW LKL T LT
F7, SHOLE-PMOLIICHTEHO ML —=2 7D
WMRA 7T 7L LCHERT 5 &, HEEICHTIMEL T
DT ENGHY, EREL LI ETEE L], (B
HETRIZ A TRk, RBIGEEZ LW ihrdolzzn, 4
M OFEZHETFERHEE) b TETRYIC L Aoz L BT
9. F7o, A% 0 L QEBNIHT AHARAAY, I
WHLVLTOHFEIGEE L L) LB ZoniTichh F
L7zl bvio7zdnThy, EBFEDES W
TO M —Z Y FEBRSEOER], [P ATo 5T
AL B E~DBEE LBV, [2/bze FEIZEHE$
52 ETHRONLMEE], 4% PL—=V 72T
] AE LRSS T SEER L 2NE - TR
TORFEBIZ BT EEREL, HEICH LRI04
Wi b L—=r 7k L —= Y ZRR 2 Ak LTz
Z, FEBEO N —= v FEEIC K > TR & v B
b7e6 L, KFERETIE, FHRICHAEBFEE O
BN EHERENT VA, AIFEIZL > GALREIT
LB EROAZIMECE 2 FMEORADH
TR L8, BELZSPTFICHEMII L —=0 7
RIGDTZFEN N2 8 SHIZT AV MIhHDH L) IS
Bb PL—= v 7 RAT) B AFER T LI, AR
AIREEBENC BV 2 EBFEEOESOMICEI L, F728%
SERIRIF TR OEBEE TR S Jk L 7Rtk 2 R L
TWhEFR A, GRIORY ML, TR A HIRET
LHEZHD [WMEPEHBOBPN EHANE T OLRE, &
NI D725 AR—Y BB TR - 5 S H8lmh 0 EE
LERERSTWD ] WYHMATH /2L EZTD.

V . ¥
AT, KRR B 538 ORI L - T,
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R FEDOMER

B EORFTOREELFEII BT 2 EBFEKIC L o> TEEOEIHIN LT 2 RMEAVREN TS, —T, KFERAZ SR
ELRBEEIIOWTRITE A SHRED RV, RIFZETIE, KEERICBIT 28 1 M OREEREDSRFBEDERIN T T
RIZOWTHEIT 52 &2 HE L7z #RE ML —= 0 FEEEZHAAE DA TR T 72720, ML —= v 7
ORI 1EIH 720 A0 FEEETH 572, TD LD BN P L—= 0 FEEETOEADN LT 5089 oW THRE 2 A 72
1EDFEIZBNT, HAWPL -2 7 LT2dknDT > =0 7k, 9GO Y EHVEHH N —= v 7 & FE L7z 5
B —=r71% 70~80%1RM O&MT, Fif4@izlty b, HE4ABIITNTOMETLZL TLXVWOT2E2y MHLE
VLT L TR L7z, BRI HARAND AT CRRZEEDIBIE L ey, @lEx #i— L TRT S % 720, HARASHE213% 07—
YRR E L7 (23.4 £ 2.15%, FHE + BERE). FRADOMELR8HD L —= > FEIMFIRIZFR L 7. #i10WE
(&, SHFIFRICINZ, 4R THICHFEML 72 (hlE). FATIOFHETEE L B ELOHEBIROERE L L, #i7 OFHlifaE
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