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Study on the Influencing Factors of the Throwing
Technique of Gong Lijiao, the Women’s Shot Put
Champion in the 32" Summer Olympic Games

oy !, #EEEY, k@', TRES MHEES AEKBY
GONG Lijiao', DONG Haijun®, ZHANG Jian', DING Chenguang’,
HAO Yongxia’>, CONG Yuzhen®
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Abstract: Objective: The research on the key factors affecting Gong Lijiao’s performance and
throwing techniques. Methods: In the important competitions during the preparation period of
the 32" Summer Olympic Games, 32 attempts of Gong Lijiao over 19.20 m were selected, and
the correlation between the factors affecting throwing technique and performance was analyzed
by using the methods of sports biomechanical test and biomechanical analysis. Results: The
main influencing factors of Gong Lijiao’s throwing technique are sliding distance, exertion
time, landing angle of right foot after the end of sliding stage, maximum angle of thighs swing,
speed of left knee during sliding, exertion distance, vertical speed of instrument shot, hand-out
angle, distance of body’s center of gravity in transition stage, landing distance between feet, and
transition time. Conclusions: During the preparation period of the 32™ Summer Olympic Games,
Gong Lijiao’s throwing technique had some problems, such as the short sliding distance, the
large forward movement of the body’s center of gravity in the transition stage, the early acceler-
ation of the upper limbs in the exertion stage, and unsatisfactory speed distribution ratio be-
tween vertical and horizontal direction of the instrument. After the targeted training and im-
provement of throwing techniques, Gong Lijiao’s throwing technique has changed greatly and
gradually become more reasonable. The suggestions for the improvement of Gong Lijiao’s
throwing techniques during the preparation period of the Paris 2024 Summer Olympics are as
follows: Stabilizing the sliding distance, increasing the sliding speed, and reducing the degree of
body movement up and down; control the forward movement range of the body’s center
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of gravity during the transition stage, and speed up the landing speed of the left foot; delay the ac-

celeration time of the upper limb, especially the right shoulder and the throwing arm to the instru-

ment during the exertion stage, improve the force effect in the vertical direction, reduce the

force amplitude in the horizontal direction, appropriately increase the angle of the instrument, and

improve the effect of the body whipping force; study on the technical improvement and change

process of Gong Lijiao’s throwing technique from 2017 to 2022 to form personalized technical

characteristics in line with her own characteristics and further improve sports performance.

Keywords: Olympic Games; women’s shot put, throwing technique, influencing factors
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Table 1  Special Strength Indicators of Gong Lijiao
BN/ A3 FUSHE/ RHES REY BN/ K
kg kg kg kg kg kg IRER/S
VES <= 140 240 155 105 100 105 80
AFREAHR 140 250 150 100 90 110 85

TUSL e il 4 BB 7K P 7 R 0 BRLIE 2 AT 3 T s K
1 AELAF AR WS ) SR B BE 70 5 3 BRI D 39 B AN SR ) 3K
oo, i Bk SFE Al s i E . SESMLF BB R,
PUST I It 70 8 77 T FFAS 5 A0, 5 59 72 BN 28 45 1 A
(R, B TR TGRIER, RS ELEIER % 5
1 Fr 48 75 12 3 3 48R & T B AR R AR B (R 2D, ST AE
e BE A8 B ST A BRI, AE IS IR R HESE TS
T AFAE R Z (R 1)

F2  HFETINRIER
Special Strength Indicators of Willy
BN/ R BUSHE/ AHE/ MR/ BEME/ 30m #k/
kg kg kg kg kg kg ®/s cm
{4 155 160 120 120 105 110 445 50
EROP B YA 2 2016 SF B2 SLiE 20T 09 R ) B ARAIE
AE 4% BB I 5k B KT
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Table 3  Special Capacity Indicators of Gong Lijiao m
#3k/kg R *4 HAGRBEHNRESER
3.00 350 4.00 450 500 6.00 7.26kg Table 4 Basic Information of World-Class Elite Athletes
E & T 22.00 21.00 19.60 19.00 18.00 16.20 13.00 EF) i B BEHARA FEH/m KkEkg R4 RL/m
AFREAF  21.80 21.00 19.58 18.97 17.80 16.17 12.60 HeAl Hmz o EY 196 120 2124
BATEEE R QBT EF 180 90 21.90
W 1218 w0 1.80 108 20.77
22 AR 2R B E AT A PE Y0 208
= FHME +HE w176 93 21.76
3 3 0 S LT IB R ) 229 AN ER SRR AT St K BEu vE EF 174 100 2198
L, EIEA G R R K R R AP i e Vi 3 A i X 2 W ) 100 21.66
FEE S VNG PN e S IE SN I AON B3 DI IR B2% vE #y 175 105 2047
#5 WIBHESHNEEZWER
Table 5 Main Influencing Factors of Gong Lijiao’s Performance n=32
o H & M SD 1 2 3 4 5 6 7 8 9 10 11
AE/m 1939 0.63 1
7B 3B & /m 0.76 0.05 05577 1
i & HUFE B /m 126 0.16 -0.547" -0.448" 1
T LA 9B & /m 0.40 0.03 -0.703" -0.443" 0291 1
I B ) /s 0.17 001 -0.445" -0344  0.151  0.801" 1
JA Ay et 1Ay /s 022 001 0.391" -0.115 -0.193 -0.600" -0.569" 1
& EWAI(C) 98 10 0.7417 0470 -0.575" -0.560" -0.349" 0.409" 1
KR & /() 113 7 0.992"  0.512° -0.493" -0.693" -0.450" 0.444" 0.801" 1
Mg/ (mes™) 429 038 0781 0291 -0.593" -0.445" -0.191 0309 0.656" 0.715" 1
JA H1 %6 8 /m 126 0.06 0375 0146 0572 0375 -0.351° 0300 0213 0337 0436" 1
BMEARE/(ms') 773 0.60 03797 0413° -0303  0.128  0.027 -0.115 0.421° 0407 0015 -0.129 1
5 A E/(0) 38 2 0.826™  0.649™ -0.560" -0.553" -0.347 -0.170 0.693" 0.827" 0.659” 0.295 0.475"

7E:*P<<0.05,**P<<0.01, TR,

TLST I ¥ 45 BE B M (0.76 £0.05) m, 15 25 B 2 5 Rl 4%
2 R AFAE o 258 B 1E A 55 (=0.557,, P<<0.01) , R HA{E —
SE Y0 FE P9 38 0 7 25 R B AT LABR I8 B S, PLAL IR 20 m
DL A%, 10 BE R 1K T 0.75 m(R=0.318, P<<0.01;
B o 3 F2 22 B3 1 BA A 2017 48 45 il 45 5 BLE 4 JA 1O
G A R HH A D R R 2 SR B PR R U EH 0.65 m
B0 B 2R 5 BIE 2 H0 69 0.80 m, I8 Ik MOAR A B B B R 25
Oy RERKF LIS, BRA T — @ N8R, HH e
W RR e o VD B R B A IS R Sl — AP R I R
HEz— EERREH SN EREESS m AL
BONFRAE

F 16 B I M BE B8 9 (1.26 £0.16)m, 5 4 2 1177
7 PR B R 9% (=—0.547, P<<0.01; R*=0.337, P<<0.01)
TE — & 0 A, 7 A 28 G, G EIS (I 7 4%,
2021), dn R RE A BRI AE 120 m A 4 BV AR - D
TR0 e P K 5 A A e e R v A T A e
KA IR R, 1 L T B Sk — 5 S ) 9% i [
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0.05) m, & B WA IR 7 IR R Gt S8 Ml 1) R BE Rl R 2 — , 5 4
2 VA A7 AE v SRR B 1M 6 =-0.703, P<<0.01; R*=0.519,
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T B BRI 1A [ C0.1740.01) s 15 J% 4% 2 18] 47 7E 41K )%
BRI =-0.445, P<0.05; R*=0.201, P<<0.05; VIF {4 5.718)
TE— 8RR b, 3 O I IR K, B BRI, A K TV N )
e B i R 5 R E O A RS B B AE K, DR R 2 o
T PSE RN 447 i o R P R 4 R o IR I IV e 0 RS R B )
AT, R Z A EAH B A 2 e R . 3E Y
47 AV B B TR, A R T A R o N T B B
A REHM T S5 I RR
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Figure 1. Factors Related to Performance

A 45 Ml Ff DR I D G TR B A ERRT A R 1 3% e 1E KT
THI TV I 2 F AR JRE O 130 B A i A0 4ok SR At R 1)
Je AR I P55 R K (R 45, 20092) o LI AT A N
98°+10°, 5 fili 4 2 [A) 7 1E 1 5 72 B2 1EAH O (5=0.741, P<
0.01;R=0.418 , P<<0.01) , 7 W] 4 [l 5 Wik [va) A Ji 1) AT R 4%
TR LG B R TR, AR NN AP B R 1 s A,
SZW G I R R A A R T PR T A R P R O M R
A T B4 0 FEE R 7 R 1) 5 2 B e T DA e A o M AR (G
A 2,2009b) , BESTE 20 m LA b (1 3R $8 45 35 Hh A 2 K
T 100°CE 1), 1 238 Iy 4 b A B2 R T 32 &1 B 5t

KR S A i b R e A KRR 5 A A 2R )
Hh BT T B BB K ey SO T R 1) S 4 B FE L 0
AP BB B % O 7 A TR B A EE R I (X R 5E, 20200 6

ST I KRR e o 1130470, 5 Gt 2 18] 5 5 B 1E A 2%
(r=0.992, P<<0.01; R*=0.850, P<<0.01) , B &7 #£ 20 m ML L
IRBE ) KBRJe f ¥ 12004 45 (B 1, 75 AR o ik —
A2 B e IR 1) J5 $E B R, AR T 5 i P B R R 4R
B s F 0o A TH T K R B DL IR A B B I R
PRl 3 (g% 45,2022) .

T T DR I A Jk R e R 1 S 4 B R TR SR
R U B A R AR B A AR (BEE NI 45, 2017) « AL A
JAH JE Dy (4.29£0.38)m/s , 55 il 2 [B) A7 78 25 18 52 TEAH
K (r=0.781, P<<0.01; R*=0.609, P<<0.01) , & W] £ — & F£ &
b M B O, ST, T AE 20 m DA B
FEMRHE KT 4.50 m/s (B 1) 3 2448 g 2 Js okt B A2 e idhe
TP BOR R (IR A 45,2018).
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FH 7 5 8 2 e 5t 5 3825 0 T I TR0 28 B T 1)
TARRE RS, E T2 1 E R & B T Bl A 248 55 1 5% i)
(Howard et al.,2017) . LB J1EE 4 (1.26+0.06)m,
582 MAFAEAR T IEM] 9% =0.375,P<0.01;R*=0.171, P<
0.01; VIF{Ei N330D) . WK, MR ESA%EH
B 7 BE S e 835 B 1.38 m (XK %%, 2018) , it B JH 7 R
R A S Y PSP N A AR W s It [ AR €
FEAMAT R 3G A A L B AR, 2 0 R RS B S
5 75 B U 2 R R R IR 1R R R i
WS BSEAZ O 6 25 5 “ WEHT 7 T 0 B8, 7 288 v FH D RO

FH 77 6] 18] 52 75 I b 5 % 38 B i DI 8] (Blazkiewicz
etal., 2019) . WAL H 7 0F [E] 25 (0.22+0.01)s, 5 B 5i
ZAIAEAEAR S IEH 26 (=0.391, P<<0.01; R*=0.185, P<<0.05;
VIF{E A 2.350) . &47E 20 m L 3k #% F A7 i | 4 0.22~
0.25 sCIE 1), 75 L4 F 7 B Box 388 B ok 1) A 280 .
e Ja R 0B B A A& T RS L o) g R D R A e A
ENIIPS

R T T DA L T R 1) E T L ) (40 RE L R
We T H A8 U7, s T W A FE (Salinero et al., 2022) .
TR ST 452 2 T T3 TN (7.73 £0.60) m/s , 5 SR 2 1A 7748
i B IE H 2< (7=0.379, P<<0.05; R*=0.158, P<<0.05; VIF {8
2.387), # 2E ELH E MECOK , RSO GT o # Ak 2E EE k
SE T 15 AR R R A HEEYER RS IR

JEER o JE R WS R I, T R B AR A O A 2 5
FI 2370 2, 5 ik T 3 B2 R X 250K 5 T I 2 46K S 4 40
BRI J3T 2K, 280 R AR /) 5 7K ST B i K Bk 4
2019) o DA, 3 2 2 v 48 bl e B B, 38 O T S5 A%
DAL S 5 CHEFT7 ) AR FE , vE R BB £ B HERR 1
AR PLSL I8 56 3% F 30V I 7 ) o

HH T AR R R ST ) R K 2 — CREPEHE, 2017),
ST 73 AR b R EORUKCSFE S i el T A
JE K, U5l L R 9 AR K, K R g L
5] #% /)N (Lyson-Uklanska et al.,2021) . JLAZ 8 F AN
38.0°40.6°, 5 B&TZ [AIAF7E i L 1IEAH 2K (7=0.826, P<<0.05;
R*=0.618,P<<0.01), RHIZE—EJEH N, & 1 F A
FERF TRz s s, % 2R Ih it s Gk S 5
77 J3 20 R 5 38 3o 8 v 1 B3 B LU A9, B A /K 3 L
o, k5 B3 T A R H e UL I SR TE 20 m B 1
AR U T T A D 380, LA A R T 40° (T D),
REEREHT A IMRBREAEELR, % T H
250 IR B B R B HEBR A B, IR 5 B A 1 “HEAT K A
BRI 2 B E I L
22.1 FLSLEE FIE B e & T

TUSLJBe v A0 BE RS 1) 2 50 ) DY) 36 465 i A8 o BOA R
B b Ay KB e A A A A R T A T L
IR (R 6)

Fo6 BLEBENZMESR

Table 6 Influencing Factors of Sliding Distance n=32
SR B B AE B B s 75)14*%1‘%:}2/ 75%%52/ m@:‘%g{/ B EBBWA BERA KL A/
(m's™) (m-s™) (m-s™) (°) (°) (°)
M 1.27 0.40 0.14 3.65 3.57 430 55 98 113
r -0.448" -0.443" 0.406 -0.480" -0.443" 0.413" 0.557" 0.470™ 0.512"
SD 0.24 0.03 0.01 0.36 0.66 0.45 4 4 9

SR DR 3, 0 B A i A B R A P R K =
0.557,P<<0.01), 7 —5& T2 & b 39 0 A= 5% A m] DAAR e d
AER R, ST A R B AT R . W A BE R 5 R R R 1
AR =0.512 (P<<0.01) , 5 7o [ 3 Ji 1) A 0% 7 =0.413
(P<<0.05), % B ¥ 25 1ok 72 o 7 R 3 12 b vy L 7 20 B B R
K, 5 R EE b AR [ SO TS A TR 2 1] R A A
R DR e B v PR B ORI 4 v I AL
IR 0 BE B 1 S, R AR Zhh oAk .

WA R 5 A T R AT D 34 B (7=0.480, P<<0.01)
A7 % Hh f (7=0.470 , P<<0.01) 17 £ B A7 2%, Je bk 1 4
A 3ok 4 v A TR AR SO R % o b A, R I U R AR A, A
WA R B K L 5 B R X R IR R A D
PSS 1A S0& R 2 — .

J¥ 2 P BN 1) SR A5 2 R B I A
BHEREEH S EEL L TFERE. LR T A

18

I TR 2928 0.14 s, 15 1 25 BE 2 2 [A]47 7R AR BE A O (=0.406
P<<0.05) , H Lt HoAth tH S AR 75 12 2y 03 A, 28 4 3R TE 43480
21.76 m B (I 2 I RIE B 1 0.16 s, PRI IE 2 e K g 2 T
Z% BN [ 2 38 0 v D PR S R A, R ik — B e I P R
AR 75 18, I Zrrh i i B B 4B AR K s FE .

A R IR S M R S 2 IR) A LR R UM R G=
-0.448, P<<0.05) , [F] It} 5 £ A .00 for #5 R 85 9 A1 5 47 AH
K (r=-0.443, P<<0.05) , 2 W 93 A0 5 3 R 8 A, Y 2B BIE
B, HEO A RS BRI b I 2 A ] B
Jo B Ak E 0 7E S U A B 0 7 B B B % A A b A f
FEK TP FE BT — o
222 LB A HIE B e B E AT

P I M BE B 5 RS A AE SRURE O, S I AL IR
PR T A b 0 T R R R A A A IR JE UA  A
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o R FEATAE IEAR K
RIS MR B 5 OB (oKD e g Z B AN E B

KR B W AEAEARE T 58 (=-0.493, P<0.01) , F B K
JHE e fy b K, P I T B e R, e e T A B A R B

xR7T FHEHEEMNEINEE

Table 7 Influencing Factors of the Landing Distance between Feet n=32
BAEWAC)  EFWA(C) HHETAC) XKMEA/() BEBIEHmM  ABRE/(ms') AHEHM  HFARC)
M 98 65 31 113 0.76 4.30 1.26 38
r -0.575" -0.416 -0.458" -0.493" -0.448" 0.593" -0.572" -0.560"
SD 4 10 4 7 0.06 0.45 0.14 2

i % A 5 4R T S B =-0.575, P<<0.01) . JiI 35
Hh R B (=-0.458 , P<<0.01) Z IR A7 75 Fu b 2, A5 45 b £
K, WS M R B, R A RR R . I,
T bk ) 52 5 A BRSO IBR RO, 7E — s R B R B
BT i e R AR S S T A A A b ) A
VIS IEAS R

e A Hh A 5 T I I B 2 (R) AR A7 7 AR AR SR
(r=-0.416, P<<0.05) , % WA /¢ 26 Hh A1 B K, 75 Jil 35 Hb BF 5
A, X A U W A D A R T, A M R DS T K
T 5 A R AR, S W T L A U B B B A O L PR
AR B N .

FH 77 B B 2 b A5 B B PR 0 B ) 5 79 0 o B8 2
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Table 8

Influencing Factors of the Displacement Distance of Body’s Center of Gravity n=32

ARAEBE AHEWNHA EFWA BYIEE ORAHEE TEERE AAR LEER LHET LEHEETF KKk HFA

Pz /() (°) (°) m m s $EH/Mm  A/N(°) /) ) /()
M 65 98 65 0.76 127 0.17 0.22 0.39 29 31 113 38
r -0.530™ -0.560  -0.766"  -0.443"  -0.600"  0.801"  -0.600"  0.567"  -0.415"  -0415 -0.693™ -0.553"
SD 10 10 10 0.05 0.14 0.01 0.11 0.06 4 4 7 2
224 JUSLE It IE B I 6 5 e R T FEANEAT A S B R () 1 B R R A A A G=

oV st )
J 75 (A B T o
JE IEFH 2% (=0.801, P<<0.01; % 8) . it

XL B A B T 0 22 e AL b 2
RN S FEO A EE KRR, B
o I (8] F R 3R

-0.349, P<<0.05) /2 i1 35 M 5% 7] 9K T )5 51 f1 (7=0.420, P<

0.05) 3o B B B 2% Bk BE B8 (=0.668 , P<<0.01) , 1% 7 AH 5% 1

B4 AR 2 50 B U B A L M B R Y B A
19



R EA B RHE 2023 4E (BB 596 114

(r=-0.445, P<<0.01) \ 47 A %5 i 5% &) £ 9K T i (=—0.354,
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P<0.01)F1FH /7803 (7=0.351,P<<0.05; & 9) %,
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Table 9 Influencing Factors of the Transition Time n=32
WEABHEN  AERA £EWA EBRTA AFRTA RMkA LREBWIES RHEE/, RAAEH/
/() ) (°) (°) (°) () m s m
M 65 98 65 29 51 113 0.39 0.22 127
r -0.445" -0.349" -0.609" -0.354" 0.420" -0.450™ 0.668" -0.569" -0.351
SD 10 10 10 4 5 7 0.06 0.11 0.14
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Table 10  Influencing Factors of the Exertion Time n=32
W B EEHEA AEWA EEETA AFRETA KERA BOEAES bR/ R BRIES/
(°) (®) (°) (°) (°) (®) m s m
M 55 98 65 31 113 0.40 0.17 0.39
r 0.435" 0.409" 0.557" 0.420° 0.441" 0.444™ -0.600" -0.569™ -0.632"
SD 4 10 10 3 7 0.38 0.11 0.06
11 AEMANEHNEZR
Table 11  Influencing Factors of Landing Angle of Right Foot n=32
EEWA EBRTFEMA EERTEMA o EERRE/ SBEER BIER KBEA AV AR/
(°) (°) (°) ¥E & /m s ¥B 5 /m B & /m (°) BHE/m  (msh)
M 65 29 31 0.40 0.17 0.39 0.76 113 0.76 430
r 0576 0.467" 0.664" -0.612"  -0.582"  -0.444" -0.781" 0.801"  0.470™  0.656"
SD 10 4 5 0.38 0.01 0.06 0.06 7 0.05 0.45
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Table 12

Influencing Factors of the Angle between Thighs n=32

EEWA B ERIES ESEAES/ dEetE/ RAME BFAE RAHES/

HEHRRETE LHHERTE EMRE

(®) m m s (°) m 17 fa/(°) wma/e)  /(ms?h)
M 98 1.26 0.40 0.17 0.22 38 1.26 29 31 4.30
r 0.801°" -0.493™ -0.693™ -0.450" 0.444™ 0.827" -0.643™ 0.635" 0.716™ 0.715™
SD 10 0.05 0.38 0.01 0.11 2 0.14 4 5 0.45
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T IR A TR PR 3 A HLA (=0.656,P<<0.01) , /2 B 1
1 (=0.606, P<<0.01) , 47 J§I 25 Hb 25 Hu 1% 5] 48 T 71 =0.396,

P<0.05;7=0.649, P<<0.01) , LA J& & 25 i B 1) #8002 47
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Table 13 Influencing Factors of the Left Knee Speed n=32
HEWAIC) EERAI(C) & BIRTF B fA/(°) A& EIRT B FA(0) KR /() Y BAIEFH/m
M 98 65 29 31 115 0.76
r 0.656™ 0.606" 0.396" 0.649" 0.715" -0.538™
SD 10 10 4 5 8 0.06

229 LI EF HBE BB E X oM
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H AL IR (=-0.375, P<<0.05) L J¥ By BEA% Bl A7 7 BE
5 (=-0.371, P<<0.05) . id & i 8] (»=-0.351, P<<0.05) LA
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Table 14  Influencing Factors of the Exertion Distance n=32
EEWAI(C) A HIEH/m  EO(LABIEH/m it % BT i) /s Mg/ (mes™) T BSARIE B /m
M 65 1.26 0.40 0.17 4.30 0.39
r -0.643™ -0.572™ -0.375" -0.351" 0.436" -0.371"
SD 10 0.05 0.38 0.01 0.45 0.06
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Table 15  Influencing Factors of the Vertical Speed of Instruments n=32
& EHEH () KA K 7 /(°) T e & /m KFi s/ (ms™) & F A/ (°)
M 98 115 0.76 10.05 38
r 0.4217 0.407" 0.413" 0.425" 0.475™
SD 10 8 0.05 4.00 2
®16 HFAENZMEZR
Table 16 Influencing Factors of the Angle of Hand-Out n=32
BRRAN) BRETEMAN)  KBER)  AFmam T ER EORBRAL LML EMELLL
m m (m-s™) (m-s™)
M 98 31 115 0.76 1.26 0.40 4.30 7.73
r 0.693" 0.522" 0.827" 0.649"™ -0.560" -0.553" 0.659" 0.475™
SD 10 5 8 0.05 0.05 0.38 0.45 0.60
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