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Influence of changes in subjective effort at high intensity range on ball speed and
its repeatability in pitching

Yoshikata Morimoto®, Koji Ito?, Takashi Kawamura® and Takaaki Nara®

Abstract

The purposes of this study were to investigate the influence of changes in the subjective effort at the high intensity
range on the ball speed in the pitching and to make clear its repeatability. Twenty male university baseball pitchers took
part in this study as the subjects. Each subject randomly performed three sets of pitching at five different subjective
efforts of 90, 92.5, 95, 97.5, and 100% maximum. The ball speed of each trial was measured with the speed radar gun.
After one week, the retest was carried out in the same procedure. The intraday (inter-set) and the interday intraclass
correlation coefficients (ICCs) were calculated to examine the repeatability of the ball speed in each subjective effort. As
the result, the ball speed tended to increase as the subjective effort was high. There were significant differences in the
ball speed (all p<0.01) except the combinations of the subjective efforts next to each other. The relative ball speed that
referred to the trial at the maximum effort as 100% tended to be higher than each value of the subjective effort. This
difference tended to decrease as the subjective effort was increased. There were significant differences among all
combinations of the subjective efforts (all p<0.01). The intraday (inter-set) ICCs (0.90-0.96) and the interday ICCs (0.80-
0.88) in each subjective effort were all significant (all p<0.01).

Key words: subjective effort, high intensity, pitching, ball speed, repeatability
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Fig. 1 Experimental setup (side view).
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Ball speed at each subjective effort.

Subjective effort

90.0% 92.5% 95.0% 97.5% 100.0%
Set 1 329 + 25 330 + 25 333 + 24 334 + 21 338 + 22
Day 1  Set2 329 + 23 330 + 23 332 + 23 335+ 21 338 + 26
Ball speed Set3 330 £ 26 327 + 25 331 + 25 334 + 23 338 + 26
(m/s) Set 1 325 + 24 330 + 23 328 + 24 331 + 23 333 + 23
Day 2 Set2 324 + 25 328 + 26 332 + 23 331 + 24 333 + 23
Set3 326 + 27 328 + 22 331 + 24 332 + 23 336 + 2.1

Values are mean + SD.
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Fig. 2 Relative ball speed with reference to the value at

maximum effort in each set (mean=£SD).

Table 2 Appearance ratio of the trial that was faster
than the ball speed at the maximum effort.
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Fig. 3 Difference between the subjective effort and

the relative ball speed (mean=*SD).
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Table 313, FEBHNIZBIT DR —ILZAE— R

90.0% 92.5% 95.0% 97.5%

Day 1  20.0 16.7 26.7 25.0
Day 2 13.3 21.7 26.7 33.3
Total 16.7 19.2 26.7 29.2

Appearance
rate (%)

NHBERELTRLEZDDTHS. HERIZ E1H
HDE 190 £92.5%, 55)195 & 97.5% DI % Fk
E, BHEMETIIONTEEZ2EMITH - 7=

53ROzt RHOICC A, D &, ZD95%EHHEIXMH
BIOWEOERERZEZ R LD THS. ICCIE
0.907 5 0.96 DEIPAIZH D, WITNOEHEBIUE
BHIZBWTHAEETHo72 (WT1Hp<0.01).

Table 413, MEBRHIZBITDHR—IZAE—RK7nS
KOEEBRABOICC 2, 1) &, TDI5%IEHEXE S
K NHIE DIEHERRZ AR LD TH 5. 1CCI0.80
M5 0.88 DIEFHICH D, TRTOBNETHETH-
7= (TN Hp<0.0D).
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Table 3 ICC data for the ball speed among three sets.

Subjective effort

90.0% 92.5% 95.0% 97.5% 100.0%
Day 1 Day 2 Day 1 Day 2 Day 1 Day 2 Day 1 Day 2 Day 1 Day 2
ICC (1,1 0.96 0.94 0.92 0.91 0.94 0.94 0.95 0.96 0.91 0.90

Lower bound-952% CI 0.91 0.88 0.84 0.83 0.89 0.88 0.89 0.93 0.82 0.80
Upper bound-95% CI 0.98 0.97 0.97 0.96 0.98 0.98 0.98 0.98 0.96 0.95
SEM 0.52 0.61 0.69 0.70 0.57 0.57 0.51 0.44 0.76 0.71

ICC = intraclass correlation coefficient; CI = confidence interval; SEM = standard error of measurement.

Table 4 ICC data for the ball speed between Day 1 and Day_2.

Subjective effort

90.0% 92.5% 95.0% 97.5% 100.0%
ICC (2,1) 0.83 0.86 0.88 0.87 0.80
Lower bound-95% CI 0.72 0.77 0.81 0.79 0.68
Upper bound-95% CI 0.90 0.91 0.93 0.92 0.87
SEM 1.03 0.89 0.80 0.81 1.04

ICC = intraclass correlation coefficient; CI = confidence interval; SEM = standard error of measurement.

V. £ &

AW T, SREEE TORL S 5B (90,
92.5, 95, 97.5 B K TN100%) DL ETHRIEKZIT> /=
¥z, BBRNEIBWTREINZR—INAE—=RD
HEEZRETT 572012, F25HO 1EMEBIZFERS
FIETHTAMEHEELZ. SEBRHBITEY M
BIFBEHE100% TOR—IV A E— RDEHEI,
33.37533.8m/s DHEIPHICH > 7z. RFEERFEHH
EL7ZINETOWYE (Feltner and Dapena, 1986 ; £
HiZ 7n, 1990 ; Wang et al., 1995 ; Escamilla et al.,
1998 ; Flesig et al., 1999 ; Matsuo et al., 2001) D1
(32.371535.0m/s) &EHEZT B &, AWFEOHERHE D
R—IVAE— REREETDHE1E, KREERFELT
SEEMIKEEDRIPENICH S 72 EBEAS5ND. R—))
AE— RGBT ORER, SHEOEROAAE
THO, WTFNOEBRHBELUtEY MTBNWTH,
NIV A E— RIS ENHETITHENER T S
Hofz (Table 1). 2D EMNS, BHEDOEIEZE
RESERELEINETOWIE (FIAR, 1983 (FiEgkiZ
7, 2001 5 JNEEIE AN, 1995 5 AR - FE R, 1996 5 &F
1ZAy, 1999 5 BERIED, 2008 5 FRAITA, 2012) &[EAR
I, EIRERIIC BT /NS BRAREICH - T, T
NEOEMIZE > TRV AE— REEBMTZ 2 &
MARETH B LEEZAOGNS. LinLians, BHED

ZEMN25% EI8BH0EODEHEMITBNWTIE, #Et
MICERERZIFEEDEITFEDENT, —Hoty ~
TiE, BHEPHELTHR—ILAE— RBHEALAZN
MAGbEbH-L. Lo T, BHEEN25%
Tld, EBOBEICHBRENWE LS T ETITERE
SIRWATREMENE 2 6N 5. HE (2007) 13, BHE
LB ORISEIRICBWT, #BRE OREERE D
HEWIHSBIRICEEE KT o s@E L Tn
5. ULML—AT, [BHTD L —Z2TNEDE
WiNSIEEIREBRICEZ AL, M EBEEAT SN
BRIz B RN D 5] LML THD. APFZEICE N
Th, BHELR-IAE— ROMGERIC, #HRE
DIR—)VAE— RFEFAE N DB EE 2 5 NS AN
RO LN . EER T OH R Z B IR ERGE
FZHWBICTIZEEICR D LEND DD, RUFFLOH
BREINES )1 2.5% D7 & WIRE I BEREAT T 2 2 & T
ERMOFHERIIDONTIE, #BREONL —Z 2T
BICK SR Z S0, SREICRHT2H4ENDH S
EEZOND. EHEBREICBITL Y NMEOE ) E
100% T Okt & HlE & U e R —)V 2 E— R OFxH#E
EHDE, BNE25%DEICH LT, FHIHEDZET
WL TO7%ITE E > Tz (Fig.2). BHE9I0% D
KEriC, MMHEIZEHTI7T3%ZRLTHBO, mASE
HET2T%DOEZKTOATHo/. Lo T, LU
Ke, BBHEZEL TS, BNHEOEEFEITHHEZ



200 O—F 2 J2W9E 2785 25, 195~202. k264 3 H

BB 2 2 &3 TE T, BE EMHMED IS S
FEATHE I W BRI /NS < R B AR S N
(Fig.3). MR FENEIIBVTIE, WINBHAIET
28 EOMEEMHED EE > TH O, BHEICED
<HWr & D BRBEOHRED E < 122 HEFNRD 5N
o, TOZEIZDNTSH, BHEOEbIEEZKE <
T LTI E T 2HDTho /.

WL D DFEATIIFE (BR - Rk, 1996 ; AARIED
1999 : &F1E74, 2000 5 g - MK, 2005) IZHNT,
BRFEHETRRENTONT +—< > A% LEHS
RENBEO SN EORENBRIN TS, AR
(1994) &, [&h (&R XA FAEK%] OER %K
0L, BHEZEET I EITXD0BENRRB,
UIw I AERBERBHOMRMEZEAHL, KE/N
T A=< AERERLEDIREEERBL TS, &R
MEICBWTHERA ORI N SR, BhHE
100% TOR—)V ZAE— K% k[E %550 B £,
B EE90, 92.5, 95, 97.5% T, T4 F4116.7, 19.2,
26.7, 292%THV, EWEIT/RDIFEHBRINE
72 B & o 7= (Table 2). JGiTiFsE 2 819 %
&, BHES0H D060 5 90% £ TOHIFHT, &K
REHTONT +—< > A% LR REFIIE N E
WXIZEFL TS, LEN->T, s 20,
BHEI%ZRITI S LizikEEnmEiL, Dk, %
TENEETITHENE D HBIRD @ £ S REMNE A 5
N5, 20 &, AR Q994 WS [£j<1F
28 %] OBNEEFHTZZL0FAEEEMNT S
bDEb. EIAT, mAEN%E RSO
KL, BHEOREIEICL> TR, BHEERK
ThOoERANEHHE I 56, AN SRKNTIANE
WS E5K0, FUBHETH> THHBENE
BB ZEMMEIN TS (FA - fild, 1996 ; &+
ED, 2000). ABFZETIE, 2O Ll ONEFIC X

LRBEHRT 2010, BB TRRT2ETED
g Z2EBH, v NBXOPEBRERICT > ¥ LICE
b8/ FKICT > LAFIET, HEGEHICHIT S
BHEER—IVZE— RORRBRZEMRE U 24 1Z
M (2012) OWEITEIUL, BHEI0% T I1E100%
% LS i O KIZ31.0% THo &S, 2
DRFFE T, & L 72551 B O #iPA 4160, 70, 80, 90
BEU100% &AW &Rz D0, RUSHEIZBN
THREIHBRNREINZZEERD. £, AU
DOEBHMTHEL TS, A—0EHETH> THH
HRITIIHEKNTEIBDEWVEDH /2. LI=N> T,
AR DOFERIL, EoRE DK F55 )1 T OMEEXRTT

IZBNWT, mASEI%E ERIDINT +—< > AT
INDAEENEZZR/HT2HDTH BN, TOHBERIC
DNWTRAHEEICHEIIHRHNT 2LENH L EEAS
n5.
BEBNETBVWTHREINZR—)VAE— ROHH
PEIZDNTIE, FEBRANOL Yy NS K UFEH H
FTNENTICCERD =, ICCIL, HDUTEZEHDIK
LITo720, & 5WIIEROBRED R — O R % RIE
L7z Lzga, FUHRDESNLIEGNESD—
DOEE LS. Pk - MK (2000) 12, X7V >k
EBIT 2877 B DI, S R E O FHME %
ICCHhEMFTLTHBY, RIxDZEBHAMMD SKD 2
ICC DI, BT T0.91/50.95, £ T0.8075 0.87
DOHEPHIZH >z EWmEL TWb. HEREBTIE, Al
DFHRAIFD (2012) OWFFRITBNT, AFFEEFERIC
FERRAME LY FET, BHEOEITKDR—IV X
E— ROEBEEMBFIN TS, FRICXD L,
ICCOMEIZFEBRHAND Y FHTO.77720 5 0.95, HEE
HRETO0.66205 0.84 D#EIPHIZH o 7. T35 DILITHE
FROFERIT, BFBNEITHRLINT +—< > AFEHE
CEWHEENDH 2 L E2RET 2D TH 5. AN
RIZPWTL, EBHNOE Y METICC DfEIZ0.90
M5 0.96, FEERAMTIZ0.807 5 0.88 DHEIFHIZH - 7=
(Table 3 3 & U'4). Landis and Koch (1977) 12 X %
ICCOHEREEEIZ L NIE, ZnBiFnd iHalmost
perfect LHIE XN 5. ICCOHTITIIMDEAES H S
M, WU TICCA0.70 LA E THIUTHHMENFHNES
NTns GiHE, 201D. 727ZL, ICCIEAHEEM TH
LZEMmB, ICCOHFEITIXEHEME, TRbERE
FAX [ 2 B D ENH D, 95%[EHEX O TR % &
% &, EBHBEITHBT 255775 100% T ELBAYK U i
MRENTWDH, kv FHTO0.80715 093, FEEH
fT0.6870 5081 D&HIPHICH /=, TNHDT &
5, EREERICB T2 NEOETH>TH, #
HOER T O E ER—)LV A E— ROISBERICIE R
WHBERH D2 b D EEZ LN,

V. REENDTR%

AREFFEDFER, &R E I T ORBGERICHB N T,
BHEELR—IAE—REDORSEGRNHS N ERS
oo ZOZEF, FEERICHBEINSENEICE D
M= 2T EEOEMICNL T, ERO®ELL T
ODEBNRIEFEZEZ2bDEEZ NS, £7, £
OHBRICHMFAFDORIINEREINDDOD, A TE)



FEREEN BV S e IR IS T O EBBE N EOEMNR—IVAE— RICRIFIHE L Z ORI 201

FIZBWTRASE % LS R—)V X E— ROFEE)N
ROLNTZ. TDTEMS, AAE—REGIEHT
FHNODO—DELT, EREDRKNNEIEZFA
LS5 nlgEENE A 5 5.

BHE LR =)V A E— RO GBI W
NRHLNZ. LML —HT, BEECIDODWTIE
[FRF R I AE S B iREy, (DERPIREED IR D
FINHDREEBAEZD D] EOERM GAREN,
2012) HH O, FrITERITH, FAREY R REE )RR 5E T
SIND L ORI, FHOFENRE <25
HIREMEMSIR RSN T WD, RIFFRICBNT, EBRHN
Oty FHIEEBRAMOICCZILET S E, RUTHE
BAMOAMENEZRL THBO, KEFEBICX2¥
OV Z ZFFT O TH o, LT, &
T ER—)V A E— EOMIREERIE, @sWEBRENH
H5LEZONDHOD, HMEMAT ZLEHITIEHIN
5THAD.

VI. £&£&

ARFED HANE, HEGEEIC BT 5 SR E B T o
FEOBHEDOEBANR =) AE— RICKIFTHED
FOFOBEBRMEZHONMITEIETHo -, KEME
KB ICHE T 2% F208 2 HBEE L, BhE
DEALIZIE90, 925, 95, 97.5B K f100% D 5 B[ %=
BV ERIFIEMBET2HICOT THEBL, R
LBNETOERFEEZ 1y FELT, ERHZNE
NT3ty Mioik &ZETORMEOIEFITFR
H, v bBIOYPBRERICT > F LAICELS B
BRFEOR =N ZAE—RIZAE—RA > Z2HAWTEHE
U7z, #RIFLLTFOMED Th 5.

(D R—IVAE— REENENETITEWERT 516
MZHO, BOEIENEMEZRS IXTOEIE
M CHRBRRENED 5N,

2) BERATEHETOR—IVZAE— ROMHEI,
WINHMETEENEOEZ RSz F0XEIE
BHENETICONTNI K BRDMEAICH D, TN
TOBNEMTHRERENED SN

(B) MAFEBNEIIBNT, EHEI0%TOR—)
AE— Rz EESEENA SN, 2O HBRIT R
EilhiEEEmL R EICH > 7.

(4) R—)V XA E— K OEEEZ IR I 8N B R %
(ICO) 13, FEBRHNODE Y FHETO0.90/15 0.96, %
BRHEITI20.8070 5 0.88 DEIFHIZH D, WTHITH
NWTHHEETHhH .

INHDOTENS, @mBEFERBIIBWTHEEIC
KR L 72 R =)V A E— ROEBEMITARIRETH D, 5
PR DBREEVI S S B DI & 0 B < 72 B nREMEDURIE
SNz £, BHEOEMIES R—IVAE—KD
FEIIIEWEHEMENH D Z ENH SN ER T

X #k

Escamilla, R.E, Fleising, G.S., Barrentine, S.W,, Zheng, N. and An-
drews, J.R. (1998) Kinematic comparisons of throwing differ-
ent types of baseball pitches. Journal of Applied Biomechan-
ics, 14 : 1-23.

Feltner, M. and Dapena, J. (1986) Dynamics of the shoulder and el-
bow joints of the throwing arm during a baseball pitch. Inter-
national Journal of Sport Biomechanics, 2 : 235-2509.

Fleising, G.S., Barrentine, S.W., Zheng, N., Escamilla, R.E. and An-
drews, J.R. (1999) Kinematic and kinetic comparison of base-
ball pitching among various levels of development. Journal of
Biomechanics, 32 : 1371-1375.

G - AR - ZIENECT (2005) T KEKIETFICH
%7 0—)L kD L EME S OBIfR. AR—
FIESERFTE, 18 1 75-83.

BRI - BPAEDG - RS (2008) BT KIKEFICTHIT
%7 0— )Lk DM E T CEfEE OBk ML —Z2>
TRE, 20 @ 33-42.

FEEEE - HARIEA (20000 2B RUVERATEIEICLS X
7Y > FEOHBE HAKREERRRE, 51:436.
FHEIGE - AR - 2TInE (200D X 7V > b EME R
2B EBBHEOELAINT 4 —3 > A RIFT#

B ZAR—YHUEIFE, 14 1 65-76.

PRI - HARIEA (2005) 271 > MEICBIT S EBINET)
EOBRWPEERE, EvTF - AT R, FEEMECK
EIE, AR— Y EENIZE, 18 1 61-73.

PREEE N —Z O VEEOMMETE GH 2N - s AR
) NOBHEOY Tu—F. ZR—YHIEFEG, 21
71-78.

BFICE - MARIEAN - FEEGE - B J5FE (1999) FTEMEICH
2 EEIIES ) EE B ERE O IREfR. AR—YF
EEERFGE, 12 ¢ 25-32.

BFICE - MARIEA - FEEEE (20000 FTEMEICH T 5 EED
51 % EFBRERE ORI R — BLOEDB SN S —.
AR =Y FEERFE, 13 1 197-206.

BTILE - HARTEA - FEEE - HI0 7 (2007) 7z —FE
FDFTEEIC BT 2 EBAIES ) & BT RS O X IR
& S UERL NN R R - LA v —0DH
. AR—YHEEHE, 20 : 57-70.

DEEEE T < AN = - VERRERAD - NVEERE - PRI - B
(1995) AR —V Bitk#F OBk EE I BT 2 EBIAYHRE &
EHERE OXHGBIRICE T 2 —& %2, B LB,
23 (4) :18-24.

INERIR - JUERIFD - BRI (2007) By H—DF v 7 ITH
5 EEMBEEENT 4 =3 O ZADOBEK. AR—YHE
SEEE, 21 1 29-42

Landis, J.R. and Koch, G.G. (1977) The measurement of observer



202 O—F 2 J2W9E 2785 25, 195~202. k264 3 H

agreement for categorical data. Biometrics, 33 : 159-174.

Matsuo, T., Escamilla, R.E, Fleising, G.S., Barrentine, S.W. and
Andrews, J.R. (2001) Comparison of kinematic and temporal
parameters between different pitch velocity groups. Journal of
Applied Biomechanics, 17 : 1-13.

BATN - HHEA IO (2007) ZE— KA EHIICH
FHR—IAE— ROEEE. s k#2381 10-15.

AT - NI 5 ABRE - REBEE (2012) BRIRES)IC
B D EBNBENEOENNR =V A E— RICKIZTTHE
EZOFEBME. N —Z 2 TR, 24 1 253-260.

AN (1983) ZTU > NEICBT B i S K U E &
BEICEET 20198 — 2 7V > MEOSFEREIHEE & 28
B X OHEE & OBIR— HANA F AT =7 Z¥E4
SIEBORFFEV. BAERT ¢ HIL, pp.76-83.

RMARMEN 1994) AR—Y L —Z2 V8w Ty I NTX
HD : %3¢, pp.157-158.

RARTEN - FERIFIEE (1996) BEHEER)IC BT 5 EEIAVHRE (85
NES) EEBNH & O RBER. AR — Y ik

78, 91 73-79.

WARMEN - FEGE - FHEZ - 2TI0E - R A/ (1999)
BRI COEBNBNEOLED AT - X T +—
N ORICEZ BB, AR—Y FHEMRE, 12 1 59-67.

RARIEN (2007) HFMERRE AR —Y b L —Z > TFEdt - A
=Y FIEFIT BT 2 REREORRICHIT T ZR—
FESME, 21 1 1-16.

Redbeh =, wh BRED, RECITZE), MA B EEMERER
(1990) BFER DR F OHKIED 3 RITEMEMAT. KT EIT
7%, 35 143-156.

il o B - AR IR - IR - Filg e (2002) F=AD
P—ERITBT 2 EHMENENNT + =< 2 RICEAS
. ARV IR 15 1 16-23.

tFESME (2011) SPSS CHRER R T — & . HLHE : H
5, pp.195-214.

Wang, Y.T., Ford, H.T. 3rd, Ford, H.T. JR, and Shin, D.M (1995)
Three- dimensional kinematic analysis of baseball pitching in
acceleration phase. Perceptual motor skills, 80 : 43-48.

TR 254 3 20 HZ AT
TR 25F IR 24 HZE



