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The influence of increasing and decreasing the weight of ball on baseball pitching and
immediate effect as the assisted and resisted training method
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Abstract

The purpose of this study was to investigate the influence of increasing and decreasing the weight of
ball on baseball pitching and to make clear the immediate effect of the pitching using these balls as the
assisted and resisted training method on the pitching with standard weight ball. Seven male university
baseball players participated in the experiment. Based on the standard weight ball (145g), weight was
added and reduced by 20% at intervals of 5%. Using each ball of corresponding weight chosen from 9
kinds of weights (including the standard weight ball), the subjects were required to pitch the ball four
consecutive times as fast as possible (training trial). Immediately after training trial, the subjects pitched
the standard weight ball two consecutive times (test trial). Utilizing two high-speed video cameras, 3D
coordinates of the subjects and the ball were calculated by the DLT method, and the initial ball velocity
and four joint angles of the pitching arm were analyzed. In addition, the position of the ball pitched on
the target was measured using a video camera.

The results are summarized as follows:

1. The initial ball velocity was mostly in inverse proportion to ball weight.
2. Immediately after the training trial with—10% weight ball, the initial ball velocity in the test trial be-
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came significantly higher than the test trial after the training trial with standard weight ball.
3. In regard to the joint angles of the pitching arm, significant differences were not found in each pitch-

ing.

4. Immediately after the training trial with—15% and—20% weight ball, the position of the ball pitched
on the target in the test trial became significantly higher than the other test trial. And after the train-
ing trial with +15% and +20% weight ball, these positions became significantly lower.

Key wards: baseball, pitching, ball weight, assisted training method, resisted training method
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1: midpoint of the center of shoulders

2: midpoint of the lower endpoints of ribs
3: center of left shoulder

4: center of right shoulder

5: lower end of left r1b

6: lower end of right rib
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Fig.1 Definitions of (a) the upper torso coordinate system, and the reference
values for the angles of (b) horizontal abduction/ adduction, (c) ab-
duction/adduction, (d) internal/external rotation at the shoulder joint,
and (e) flexion/extension at the elbow joint.
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Fig.2 Changes in the initial ball velocity in mean and standard deviation responded to the various weight
balls (Training trial) and the standard balls immediately after pitching those balls (Test trial).
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Fig.3 Comparison of the averaged angles of (a,a’) horizontal abduction/adduction, (b,b’) ab-
duction/adduction (c,c’), internal/external rotation at the shoulder joint, and (d,d’)
flexion/extension at the elbow joint responded to the lightened (left side) and the
weighted balls (right side). The arrowheads indicate the normalized time shown the
largest difference in the averaged angle. The angles attached to the arrowhead indicate
the value of those differences (min. < max.).



20

Angle (deg)

Angle (deg)

Angle (deg)

Angle (deg)

-100

AR—YFEFNE HE16E H15 FRISE3 A

Q SLtest X -5%test A -10%test O -15%test O -20%test O SWiest X +5%test A +10%test O +15%test O +20%test

(a) (@)

10 [ Hadduction 46 (-5%test<-20%test)

H.adduction

5.5 (+20%test<+15%test) o onaotil

adduction 18 ( 15%1@5L<:f00/0 tESI.) adduction 1.8 (SWiest<+20%test)

abduction
1 1 1 J

abduction
1 I 1 J

©)

165 (SWiest<+5%est)

external R.

external R.

-40
-60

-80

internal R. internal R.

extension o g™ extension
150 | 46 (SLtest<-20%test) 4F -

6.8 (+5%test<+10%test)

flexion

20 40 60 80 100

Normalized Time (%) Normalized Time (%)

Fig.4 Comparison of the averaged angles of (a,a’) horizontal abduction/adduction, (h,b’) ab-

duction/adduction, (c,c’) internal/external rotation at the shoulder joint, and (d,d’)
flexion/extension at the elbow joint responded to the standard balls immediately after pit-
ching the lightened (left side) and the weighted balls (right side). The arrowheads indi-
cate the normalized time shown the largest difference in the averaged angle. The angles
attached to the arrowhead indicate the value of those differences (min. < max.).
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Fig.5 Changes in the position of the ball pitched on the target responded to the lightened
(left side) and the weighted balls (right side).
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Fig. 6 Changes in the position of the ball pitched on the target responded to the standard balls

immediately after pitching the lightened (left side) and the weighted balls (right side).
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T, E¥EBK (145g) 72 H2.5%ZN A £20% D&
FCTHEEZHEBLIZR—L2HANVWTHRI 2L T
W3, Fuc ks L, +20%95—-7.5%FTD
#BEAICRWTIE, T E TOMZELREREIC, R—
WVEE &R — VW E ORI R K F) 0 B R
BEDLNTWS, LArL, —10%2»5—-17.5%
WA THE, —7.5% TOR— )LVFIEE & F
ELTENMITEY, —20%I28WTH—7.5%
MOEDR—VFEREDOHERKITB L Z0.3%ICHE
Foltb\H, RIFFEETHWZR—VIiE, FEAEBR
(145g) IZXK LTS5 %RATIEH D25, [RERIC
+20% DEH TAR—NVEELERBLILLDTH-

Table1 Changes in the feeling about pitching in mean and standard deviation scored as a 9-point Likert scale.

Ball Weight

—20% —15% —10% —5%

SL SwW +5% +10% +15% +20%

Training trial 0.0 0.7 0.3 0.3
(1.9 Q.7 (1.5 (1.4
Test trial —1.9 —1.6 —0.9 —0.6

0.9 ¢n Q1D Q.49

0.0 0.1 -—-04 -—-16 —2.3 —2.3
(0.6) (1.1) (1.5 (0.8) (0.8 (1.0)
0.1 0.4 0.9 0.7 0.4 0.3
0.9 (0.8) (1.5) (1.1) (1.5) (1.8)

‘The numbers in the parenthesis indicate the standard deviations.
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2o L22L, R—=)VEEDOBERKIIHES R—/H)&E
EOEIziE, mE TERIERBITEINT. £
NENORERER—NVEEEZXICIETHELT
HhbE, BRSDIFETIE, —5%05—20%I
DT TR NVAEEICEEREZETTZ DN TV
WOIIZXF LT, ARFFETIE— 5 %twa & —15%radS
LV —20% cca DN H B 72 R — VAR E D KA
AFoHbNTWD (Fig.2). 29, F—IVEE
DEEWUAE D R —NAFIEEDHERIZ, FADL TR
EIT b A EAARENIZDICR LT, RFFET
BERVBRENRD oI EITkD. ZOMEIC

DNTIE, BEEEICHETAFNFNLONERE

DHFDOERZES Z LN TEDS, HZAEALILLN
i, BEREREONEAREL BB TR L Z
A, —10%0 5 —20% DA TIL, £ < OHRE
D TERER) BARD OB, "7 — ABEL
Nz 9, I EOBBKICHT AU R LTV
EV9, ZDZENL, —10%02 5 —20%IZH T
TiX, DEAZR N IR M TR — LY E A K
LMol TRV hEHBINTNS, —
5, BBFEICBWTIE, " 0BT, 25
TR EF BV, ETIMHEDY vy h—NRE
THRIEREEONEREEL KDL, F—IVEED
BEEZHE-oTh BRTHE, 27 THEIKEL<
2B LiFienr otz (Tablel), ZDZ &id,
BEEPEE LRV OREREEICEIME (A
E) BHHZEETRLTEY, ZORREICHRER
IR BB S TR S 72 D> o To ARHFIE T,
—10%LL_EDBRJE & £ > T b N — /L FIEREE 23 HE K
LizbortEZOND, T, BRERERICENRAE
Uz BRIZOWTIX, AR OB EREFERE A 2%
L LDIIxt LT, AR TIEIREERTET
boleZ &int, BEKEDEWNCLDLDBE
2bhd, LHL, RHEDOF T, SLnadd
WL SWiua TOR—VAFIEEDS /NS NFIZE LD
BIF#HIERKRLS EWomBEIIALGNT, Z0D
T EONWTIE, EVELDEREEZZHLLT
SOIRFATHILERDHDZA 9,

2. PYRTAYRBEULSRT Ay Fe bL—
VS E LTOHBHNE

TYART 4y K bbL—=U 7 DRIEHE L
LT, FREDESLEBLY AV ZHOKEE
EY, BOVIEEZER LZHHRO Ny h 2
WeBDRA v TEEVIZBWT, FhENT T
ADHMR EFEDOHEK) BHREINTWDB, KiF
FETIE, SLtest?’»H —10%test T TOEBE T H L —
= PRBICBITER—NVHEEDEIIZIEL B
L9102, F—NFIEENPIERERT BERPRS
Nz (Fig.2)., Zhix, FROB™®ZR?Z 8B
KAE— NTOEHOEHLEEFMALT, &8
FETTORE~DOEBENRERERD, Lo
7z, BB B AP ORET VAT 4y K+ b
L—=V T DROWHERINRHREEZ BN
5, 205, —5 %rest B LU —10%test T,
Fr—=v 7REFEICRBWTELNZ LV EW X
E— FEREDODIEIZIE > THEHER SR &
B, Pr—=V AR ERAZE L ITTILRNET
b, BICELZREROBENAETH L&
zZbhd,

—5, —15%testF LN —20%test THiE, b L —
= PRBICBIT AR —VHPEERERA L TWS
WHH 6T, RN—VFEE D —10%est 2> HIEK
BT BEMIZH- (Fig.2). ZHITH>NT
X, FL—=r REICRIT A EERBOLBEEA
EILAEMTEEREZRAONT (Fig.3), %
72, TARMRBIZBWTHRKETH -7 (Fig.4)
ZENDL, TNETOHE? Y THEINLTH
5591, Nb—=VTHETOMEDOERENT
2 MREOBEKIC KM I NI b D EI1EE L EEV,
KRB TIE, BRI+ 2 R— VOB ALE
PHOEZTOBEREYES>Z N TE 5 (Fig.s,
Fig.6). 250525 X912, —15%tes B &
N —20%¢test TIE, SLtest?*®H —10%test T TOES
BHEHERT, A=Ak EFICTHF LTV,
DT L, HEREODNEREICHLDD L HIZ,
R=—NVBERTEHELIVOERNE A I T TEND
WTH L7z, Wbw?d ‘ToFkiJ’ REgT
A=z ) ) =R LRI EILdbDEEZD
N, oD, R—=NZ+D7hdMszbbF,
R—NHEERNE Lol bEBEX DD, ZOD
L ORI BRITH LT LE SEE L LTI,



24 AR =Y FIEFERE 6% H15 EKISESH

—RRIZERE IR (After effect) & PRI BIRE N
FELTWDHEEZLND, T, FIZIXER
VIR R RS BT T % OBV RIZERLL EICE
KL, HOBAERESKLD ENVSTLHRET,
AT LTCEENCRIT D8k~ 2R RIE N HREDE
BHPICEONIRERERIBMEKRES BRLIGAICE
IBhEIhTnbd., £z, FrelROREL L
T, BELEEE BELAZELETIAIRYHE
PROER) IBW TR ERELETFD EXIZ,
BEVWEEZERLIZEZ CTIEIMAAR LY KEL
REIN, FICRVWEEZERLICEZTIELY
NS BEIND ZERRESNTRY, Yik%
BHbEFDLEC—BRESNZEERREDL, K
WCEE2ED 3 L EOWANICKMEIND Z
LABAL Lo TNWSY 1018 mk ks
oWz, BEMLEFBRA~R—VEREKT S
ez, VY —RERETFEONC I > THUE
RRESOELADR—=NVITIZ b D320,
—15% et B L N —20%test ICBWT, BEXT D &
DHEBRNWEA I VT TR=ABELLRITHLE
EWVWHZ ki, ZOFEDOHBHTRIoTE
Erzohd, ZOZLEFHRNRDBANOHRD
L —15% et BI N —20%test® b L —= 1 F R,
B ST 5 —15%ua®—20%0a T, Y Y —2X
EANCHLE L BRI BRER/NSL, £2T
DFEOHEREEDOLED, BEERD—15% s
LN —=20% test (T XS NI FIREMEDS B 2 DL D,
AT, SLura?> B —20%ra £ TOHEFHIZ ISV T,
Y U—=x1za<gi (0.004F71) DOFR—/IEEE

End, V) —REAMCLEERIALIE, W)

FTHOR—NVEEIZBWTHFE CEEBEETR—
IWIEE L TWD EIRE LT, BHERE D SL
rae FEYE (100%) 12 L7z FEXHME THEE L CTHATz.
FOR-REYEHELFEERETTT L, — 5 Ptra
T1299.5£7.0%, —10%tra TIF97.5+4.5%,

—15%1:a T1X94.0+£5.0%, —20%raTiE90.6+
3.4% ¢ 720, —15%wa & SLiraB8 X N —5%tra D
] (p<0.05), —20%¢tra & SLtra, —5%wrads &
N —10%wa®f (p<0.01) ICENFNHERE
BEH LN, bL—=U TRV TIZAIZ
B R—NVOBPABICRAEM TELALNR

PolzZ &6 (Fig.5), —15%wa=® —20%¢ra
T, VU —RERNCBLEL R BENL D HLERE
INELRBZLIERLT, FEOAE IV /IEL
BETDHIZ LI > THR— VORI EZ 2 v
=L TWehbDEEZLND,

LYRAT 4y K Rb—= U ORISR L L
TiX, Vun Huss 5%V#, KEZEFIKIEIZ110z.
(311.8g) &50z. (141.7g) ODR—LEZFNFN
10BKERE L T@&ABEKE ¥ EZ S, 1loz. D
R—NERAWTER, B#O S50z. DR—/I%H
WIEREKICB W TERFEE A E— R (9.2m%0
METORBELZY) YV — AL OHICEETDZETD
BRI TRRLIZH D) BERLIZZ EE2REL T
5, ZTOHAL LTI, EEZENLER—1L%
RAnizZ Ltk - T, X0 < OESEAIIEM
fbxt, Zh3% D 50z. DR — )V & F T2 EK
WWBWTHIEA LT IZ7e SR LT3, K
MEIZBANTIE, PL—=r R FRCEEL M
LR = ERAWZHEICE, 72 MRABIZE
THR—NVARECEBERETRD NI - T,
ZDOEOSRBRMEVRALNIZERE LTIE, Vun
Huss & DFFE & b5 &, RFFETHW Tz R —
NWEEPBNWLDTH-TZ &, 2, hL—=
VIR TORERE R D eholcZ L b nEx
LNDD, TNETOMELRD L, BWNEER
TOILBLTLLERDEEI ST ZADOHE
ZHTHOLTWARTIERZRWE S THSD. De
Renne 521, BEFIRIME 2 xtHIc, 13FEHED
HERERLINYy NERAWT, IhbEd4RA
7 LTz EZICRITSH, 300z.(850.5g) DNy v T
DAA L TEEREBELTND, FORER, 3doz.
(963.9g) Oy FERHWEKE%TIX, 300z.0
Ny NeRAWEZE#REREDOAAL v 7EE (34
0z. : 26.6m/s, 300z. : 26.5m/s) Th o7z, *
NEOVLEEZENMLEANY b2HWEEH#T
%, AA U THEENERICHEL LIzE®RELTY
%. %7z, Nelson 5'2i%, KMEENDEhIES)
W AFBEOAR (AR, RXEHADICHTS
15%, 30%, 45%) 52T, ZOEKIIBITS
FEAEIDRFHEEZ B L TW5D., ZO/RE, &
iz 52 2 BORETIE, T _RTOEBRE® L&
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KEUTz, @dRTWBICHLILT, BHhEEIC
BEERETROONRDP T, ZDZ EnD,
AN EZ GNIDEBOEZICELLEEIL, &
R DsEE  (Kinesthetic illusion) TH 5 &
W, ERICIEEER = NCEEEKEFEL T
RUNETREME R TR LT W 5., AHFIEDR R,
Vun Huss 6DO#ME L DMETH D, bL—=
VR TORBKELOR—VERICRITORHA
BENBLDOD, ZDNelson b DR % X4
S5HbDEEZLND,

3. R—ILEE D& IE # B D5

TVAT Ay FBEUONLVYRT 4y K hL—
=BT ADBEERROSEMEE, —MRIEER
ITHREDEARM R BME T — U B BR DRV & L
INTNBD D0 KRR TIX, K—/WVEED
BB REREMEIC KIETREL LT, bL—=
FREICRIT AR EKBEOXMEE AE (BREAHON
ShEn, KIEWSER, PISME, KBEETDREERA) 12
BB LIz, ZO/RE, BHgtSnSHHOFEY
AEICIHAERTERERETIR OO o T
(Fig.3, Fig.4), 2z &%, E#EBICXLT
+20% DEFH TOR—/)VEEEFL, FEROEEK
EHNCRBITAZNLD ML —= 0 FEOBESM
BRI LTWAREEMEZ TR T 5D EVZ D,
UL, BFEROFBEREEICRVTIE, KERF—
NEERETDZ & LRFICEECTSIE
MR BERNBERINDZ 069, BWIESRMICD
WTIE, EEIRTORBROIEREEICKRITTREY
FRTHLEND D, KFFETIE, —15%dest,
—20%est, T15%testIS L +20% est /T FISVNT,
DL & A TIRER D IEREMESME T 2 fEA 53
r&h7z (Fig.6). 2Dz &ix, BITE~_7Z L
2T, hL—=vF7RAECRTDY YV —RERID
FIRONERENPBEORRE LK KEE
ol tELOND, Lo T, EEBRIC
XL TEIS%ULEELER LA — V2 HND
Zlid, BIZEBELTWS, HAVWIIESBLLD
ELTWBEHERTO®EY Y Y — AR LB
SfERMER B D EEZ LND., DI L EREH
REBEPOARIEEI, BEROERMEIZEDLD

IR RIETHNIAE TIHALA TRV, L
L, BRI E IV EL, ZOXHIREED
TN BELDBOIL, ERBHOBRFORE
EPOCERABB LRV EFIAT S &iont
LTEEHRERLRINTNEY, 26Dz
EPD, BIZhL—= 0 VRO ERED
WEPEENEENDEFL L IIFFHICRBWT
&, R—/VEEDOHEEZ EERKICHT L TE10%LL
RETHZENREF LN EEZLND,

V. ¥ & &

AREFIETIL, KREHERTEZHRICLT, R—
WEEBDHEBBEEKOREGEIC KITTRE L,
EEAERLER—VOEEN, TVAT 4 v K
BINVYRT 4y K hL—= T L LTEY
DEEKIC KT TR R 2 MRet LTz, ERICIT,
145 g DERYFERAR — V2 EAEBK (2 0%) &L
T, 5%HAIC£20%DEFHTEE X IR L7729
BEOR—NVERAW, ZTRNOOR—IVEREKL
Tehb—=0 7L, TOBEBKITEERE BB
LTe T A FRBEOZRZFNITE T, EERBEO%
MEiAE (FEfEoNseR, KENAE, At
hE, MBEDREMA) EFR—VEEE 3 KTHIZ
D LT, Eio, HEBHCBE T ZMICXTS
R—NVOMHPAELEN Lz, TO/KER, LUTO
ZEDBHLNER ST,

() bPr—=vr/RABECBTEIFR—VEEREL
R — VT BE O PN VAR AU B 31 D BE AR 03 2
bz,

(2) 7 A BFEHED SLtest 7> 5 —20%1est ETD
#FH TIX, SLiest?*5 —10%est T THR—/LH]
HEEMPIERER LD, —10%es > 5 —
20% tes \Z 3T TIL AR — V1 B B R D
L72. SWiest?* 5 +20%test £ TOEFH T,
R—NHIEEICE TN DT,

(3) TEBIOLBEEMAEIX, FL—=r7&K
¥, 72X M REOWTHIZEWTY, 9K
M (B U SR —L Y V) —XBFE
T) OETOHFE THEMICEELETR
Lo Tz,
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3)
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6)
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8)
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10)

11)

12)

VIRBEIZBWTIEHERALNT, TR MR
BIZBNWTIE, —15%test B LV —20%test T
DRE LEERTR—A B LY EFH Y
L, +15%test B L +20%test TIE LY TFH
~H LT,
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