Korean Journal of Sport Science 2023, 34(4), 651-665
https://doi.org/10.24985/kjss.2023.34.4.651

Ksro’

Original Article

The Effect of Biomechanics Information on Driver Swing
Learning of Intermediate Golfers

Song-Yi Choi'*, Sang-Hyun Kwon” and Dong-Won Yook’

'Severance Health Check-up, Yonsei Golf Science

2 . . .
Yonsei University

Article Info

Received 2023.07.07.
Revised 2023.12.05.
Accepted 2023.12.12.

Correspondence*
Song-Yi Choi
schoi7685@naver.com

Key Words

Motor Learning,
Biomechanics Information,
Feedback, Golf Driver Swing,
Intermediate

PURPOSE This study investigates the effectiveness of biomechanics information
on intermediate golfers driver swing learning. It analyzes changes in center of
pressure (COP) patterns, GRF Direction Inclination, driver performance, and learners
psychological responses to determine the learning effects. METHODS Subjects were
32 right-handed male golfers (handicap 15-23) who had no difficulty in performing
the golf driver swing (Full swing). Four groups were selected, BF (Biomechanics
Feedback group), BVC (Biomechanics Verbal Cue group), CB (Combination group),
and CT (Control group), and assigned randomly. Driver swing learning showed
results after 6 weeks,and a transfer test was conducted 1 week after the completion
of the learning. RESULTS Analysis of COP patterns and GRF Direction Inclination
indicated changes in the BF, BVC, and CB groups. Furthermore, analysis of driver
distance (m), club head speed (km/h), and ball spin rate (rpm) revealed that during
the 6-week acquisition phase, all three groups (excluding the control group) showed
improvements in driver distance, club head speed, and ball spin rate. However,
there were no statistically significant differences among the groups. In contrast,
the transfer test showed statistically significant differences among the groups,
with the CB group exhibiting the highest driver distance. Learners' psychological
responses during the learning process were trust, understanding, and satisfaction.
The understanding factor was relatively higher in the CB and BVC groups compared
to the BF group. CONCLUSIONS In summary, biomechanics information (BI) was
effective in improving driver performance, and changesappeared in the COP pattern
and GRF Direction Inclination, indicating a change in movement. Therefore, Bl can
be fully utilized for athletes or high-level advanced players and for motor learning
for intermediate-level students.However, Bl can only improve learning effects by
understanding” when visual feedback forms and verbal cues
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KR W E#ET KP yEwo] o gitaolttal =0]=|lch(Magill,
2001; Newell et al., 1983).

Newell & Walter(1981)= A= 22Y E" &0 5%
3 FPRLSE L FE AA k= e It FE7F B o
P A= AT KP fEwWo o2 JHQl &5
A wEWo] AFo] 5ol v 0}‘:}31 FAA o
AFEY] FA oy 71431 e e] & g, AtolEd,
9] A% &I & Ato]Y] HE/go] Ho XU—’- AEARA &
o] BHEE7] fZo] =39 275 A7) AshA= WL
3t AE7F F8sto] =37 I E T KP T = BA Y
(Biomechanics) I E=1o] §3t& o)1, JFoAE 5 H57]
B geirt oL s5advt okl sk ti(Dabnichki & Baca,
2008). WA 95t R = wY A 75 fuEW] kS g §)
A=d(Schmidt & Young, 1991) AAGst JEH = 349 =t

d35HKinetic)

o,

"
& o

X

o oX
oZi e mo

A & Yvlote +584(Kinematic) JE E= Fo| 58 F,
3lo] g7 vk, £ B39 28 28F 3L oulils 2%
g5t JRZE E3HH(Schmidt & Young, 1991). A e A1
£ S5l HEs] 8ot YeiME EA EF Ve 9 24U &
gl Bt F2o] A4l Fofof stu, AT} FASE Al EH olEE
ggsto] 25 % AF AFsh= Aol HiAStHDabnichki &

Baca, 2008; Newell & Walter, 1981; Schmidt & Young, 1991).
Smith & Loschner(2002)= 274 47| A7 71& § EE &%
ol 9FS vA= 2598t FetnlE(Parameter) 74 A AFIOA
Aot 5835 A At nENS A& = A=AE S
ALTFoIU AFA IF 5ol Aty wews Al3et 2
I FREo] e AR Yeon, g9 A7)0 gt m o]
F AR A HHSA BEdF HHEES F43f6to] HE Ad|
g AT 22408 IYE AU AaA 152 BE #
o] YA Asta mTulo] LAl ¥rS-S Ko YA A5t 1
Eufo] 28420} F 29 o|sfE Aot sto] S5aIrt e
ZQ17A], o™ 29| q1of7} Sk R Tol] G vFl AAA
St AFH A7t F7HH 02 " sttty spqich dA9] A4
A= olu] A 984 A H(Biomechanics information)7} 4%
Fote H Bl "= 2Z 4L AR KPE S0 = 3+
F(Verbal)9] TEdAdE HAEH o= Feiet vud 4= Qe 5
711 A7} vl F a5t B4 AR E HAIE Sl AAY
o JHO| st R TE AFH 0 E HF o= Zlo] sttt
PGATO] 4249 A9 109 5 10% 5 3000k
gZholH AlE BEll= ZA0E JYAE wF A&oiA Z2F
o EgtolH] A= F7Fskal ITHPGA Tour, 2023). ©]°l
71014 ol A= H= Aol ofd A7 $23% 810
2 4= 1o (Adlington, 1996; Chu et al., 2010), =&}°]
H Aol IRATE AFE0] oA o|FA L et 15 A AN
E40) Te A A= THES AFHLE Y= CoP(Y
F34)e 29 & Al Dok AF B2 AlS ols 44 &
83 AREEA ToA SHEE Holgoly W X&, Y& &
CoP W95 7ot ehitste] AbEdith. A9 F2A UEh=
CoP= 4¥E HeE Holw, 34 F 714 FHE EFHH(Ball
& Best, 2007; Ball et al., 2002; Linm, 2004). & A= ‘Front
foot style’ & WA Y 52 A] @ E8K(Trail foot)FFOZ o] F5EH S
7t A Al HE B &, Ad(Lead foor) WFLE o]5H
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Fig. 1. Linm(2004) Comparisons of mean CP position of critical events
for front and reverse foot swing style Model

.31

= HA Reverse foot style’ S thA% 521 A] YR 2 o]Fd}
Attt YHE A Ho] thA] LERE o] FE &= Fejo|tkFigure 1).

T i 749] adks BAFCE /3t Aol7t gle AoE UE
AW, 220 ¢ Front foot style’ 2] H]E0] 2 o0&
T EAckBall & Best, 2007; Linm, 2004). CoP ©o|% msjelx} Al
A & E Syt 47413 AR, T2EHU AF 299
FAY Al AIE CoP9 o]5HE7 25 S H] o s

HlE Ao7 UrEHd’OU%(Chm et al., 2016), CoP9] o|& HYe} &
L= EgfolH FE ATES} #2 ATTAVL e AR HiE
cHBall & Best, 2012; Smith et al., 2017).

S AgoA AHEHS A4 i S Aol FS v
A A5, 2842 ]‘:q‘ﬂ}a" 82 o AWEHE 3719 F7E
ot 2 &3t gto]go o]FAl7|& Aol FTa5tHBall & Best, 2007;
Chu et al., 2010; Queen et al., 2013; Richards et al., 1985).
n2En 50| AYE 2t 8905 HST] Al ¥ (Lead
foot)¥ @ EWH(Trail foot)Q] AW $£2%9] I} gEo] 2
2 93F(Magnitude & Direction)S F&slsto] =43t A7
Ut o 29ho] A, oHF 28 whgEo] A 2EI WA S 2L
2 Yebd=t(Mcnitt-Gray et al., 2013; Williams & Cavanagh,
1983; Worsfold et al., 2008), 2 E%9] 4 ¥3-(Horizontal
reaction force)S A& 2 02 2H3slo] A& F7 B T4aA7]
= A0 ZA AoE g B 0 2uo] A 919 V]| H} oF
1:11—9,] ;q—_Q_ H]—_O_Eﬂ,f_)_ /J-n;]_u;_‘_—_ 740] X—]‘é‘]-%]-\:]—j_]_ iy _/r: 3}\1‘4- o]_(,)Jr o
At EASAHE ol 5Al7l= 58S AT KE7] CoM(Centre of
Mass)i} CoPE AA 0 & AZsto] AgESt 7| &olA]& BAEE
Sl 54 43 58Z B/ A3 F, § AAEoA T2 ST
7V AR 25 200 vsf 22 A 9 2 EE e o]

m

2
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ll‘

=AY F 98 (Lead foot)2 21%O0 A 142%= 2 E¥(Trail foot)
= 85%°lA 32%= F517F 23] Watelr] miie] A 4%t 54 o
Fol 3 8ol 587 a1lojet & & AH(Choi et al., 2016;
Selicki & Segall, 1996; Tsang & Hui-Chan, 2010).

=X A9 o @Fole o4ds] EI98E 8T KP S HE
W E= KPS SHeR ¢ 57 o) gEstal jlen =, S5
AE dde R 3 QA ek o] ayel Bt A A= A
otk wEbA B Ao S EtolH A HAIE 53 *“7‘1
A2 AT} 3H5o] 33’—}@?111 CoP o] H&l9] ws}el A
g 28 3] Wt a2 g i%x}——J “‘“47“ 5= 2
lste] A HFsha Hrr }—19:%@ A
2 AR A 25350l R R 5
o] Aot} A &2 245 A A I FE} Co
5 WE A ERty 28 e U 7)AL 3t okEA)
A2l alof v Aolete A7 418 273

_|

44 o r—r‘

AT 4y
A7

2 A9 A= A B FAA o] gle o 28go]
2} &1 329 AA 5FtHAge:45.6+6.6years, Height:175.6
5.1cm, Mass:77.4+7.3kg, Handicaps:20.2+3.1). A A=
o A9 AA 2= skl ol#Fol 8l S5 (Intermediate)
HEE P s 4AGEd JE AT Y&l
Biomechanics Information Feedback group(BF), A &5t
ARE vg o g o] A& A|Fst Y2 Biomechanics
Information Verbal Cue group(BVC), 2% 2l Combination
Feedback group(CB), B4 H=<! Control group(CT) & Yl 1
FOo& EREoH, 7+ Hoio] 894 FA0 R wjstt Ad
of ShA N dAEONA AHLA o] FYAE Lok, AAMetn A
BATaE ALY Q& Wot ALE FPsFATH7001988-
201905-HR-463-03). A7-3F0I#12] AlF-2 Q] W82 (Table 1)3
2t

i mﬂ I+ 2

Table 1. The Characteristics of subjects

BF BVC CB CT
Section  (M#SD) (M#SD) (M#SD) (M=SD)
N=§ N=§ N=8 N=§
Ao vears | 456 43 46.6 473
£y (5.9) 5.1 6.7) (8.7)
Heightem 1742 178.3 174.0 175.7
’ (6) (4.5) 2.5) (6.1)
. 81.2 78.5 75.5 74.5
Weight, k
gL X8 ) (5.9) (7.5) (2.5)
handica 18.9 2 19 20.8
P (2.9) @.1) G.1) (3.4)
p<.05
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Fig. 2. Acquisition phase
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Fig. 3. Transfer test
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Fig. 4. Experiment Environment

EP =

1. AA &2 Wsh 9 98 S

<5 A3t Fo] 414 2o Wsks @uﬂiﬂ el g5 3} 5t
& S8 Tl CoP o5 HEzt A Herey 28 W} SAo) Au
v T o] ORG-7(AMTI Inc., Newton, MA, USA)E AH&3}t
gon HEZZE HLL 2000HzE A5l HolHE 33t
Ach(Figure 4). X AY9] Fmghat AR QS ALt

A
5}7] 913 plug-in-gate-modelol RA tiFAS] siFst AAH
o & o7let =& S8 Al 3ol WBvAE F26HL, 33+ 9
2] "lolE& 8ol HH A 7t eH(Vicon, USAE S785t3R 2
] 250HzZ SamplingstAth. TX Fh2L2 “ato|y A Z(m),
29 9= A29=(km/h), T FAFpm)<S TEY ol 4
TrackMan4(TrackMan A/S, Denmark) R&D A|AES E3f 3
skl F5GACNA BAGs FEE AlFst7] sl CoP o5
o] AA|7F 74 7}s3F SAM Balance(Science & motion sports,
Germany)Plate(data sampling 100Hz)E ©0]&3dto] =74 & A4
7t Al55H A th(Figure 5).
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2. 3QE A

AR T A= AP AE(Smith & Loschner, 2002)°4 A G5k
A m&uo] FX|9} sFEALY| oo E Eo] SERITF YERE A%l
A &2 7329 Aoj7t stEa T JFE v AAA 0 gt BF
o] FR5itt= AAoNA HZSH] BARIAE AME-SFALAL B5H31 2
, SrEA7E A A5 R E E83 sk A e A
A BhgE AFH o R AnE IR sFoth AP EIA = T 1Y
oA AAstAd Y AU A Aol skl A{EA 24
S E s tHKwon et al., 2016: Seok, 2021).

A7 A%
SGEI AFS A9 e 2 AAE APHAt. UGS A
AAL, oUEE, SEEA, HolgAh AFHAE AN, Al
Zv—] =]

e HE 1ol $RE F AAEIAE A E 3619

Zrojzpol| Al A FetA HE(BDY BAH <
2 JEE v o2 g Aoj& TA|(BI Verbal cue)oll High ofjv] o
S(40min)e AR AU IS hgAreF ALA 1:19] S
o2 AAetY =Y, FAS4H(Centre of gravity), 53 41(Line of
gravity), @& 54(Center of Pressur)o] Hjal] At om, A
ATE ALt FELAA Q] CoP 2H&3F CoP o]F mieof disl A
Botict. T2ET 9 CoP olF M- BT (ZYE)R AF5H
° “‘1 47Ee] CoP o]& 82 SAM balanceZ &7g5to] &, -

F =244 H}—Oc}:—"]' Aol s Argsaict.

9}% A F5 T CoP ol gl izt AARE AAIsH+=H,
Zheng et al.(2008)9] ALE #15ko] =2toly] A9 108] &
HA AARTE PG U 28T 3709 A A0 ARG

A= F 13] AAstglon, F 13] & Al EgolH A&
9 20‘1‘1("k 40E7DS AAstHom, AYa A9 7h] 30%9] F4]
= ABsteint. wis 131204 & 6:7H63], 1209)= AAlst
ounl, 99 folg SHL 13Q0ME TR & TS
Aoteict. Hew A2 A 4A E 5 e A AHo
YHE(LG 000 42 inch TV)E AX|gt & uj A|P A& HUHE %
BI (CoP °|& #i&e)E Al-53F91.2H, Bl Verbal cue= CoP °]&
Hol| gt dAE dojd o2 A g5l tHTable 2). Combination
Feedback 152 9 ¥ Bl& ZYEE B3l AZ3st 2% Bl
Verbal cues AFottt HolgArt= 657719 SEHAV TaH
£ oA AAsH o H(Figure 3), BE kol o
St AR AFE A G2 oA EgtolH AYE F 20H(1ED)
< AASH T HolFAIA E A9 AY 7F 3029 FAIS AlF
SHeiTh

JQL—VL

=|

rE i
;E: = % &R

[e] P=Ne)

1. Feedback

1)BF 1%
4254 ols e SAM balance(Science & motion sports,
Germany)E °o|-&sto] o A|gPulct =3 AT HUHE Bof A7

202 AlFatlchFigure 5).

2)BVC 1%
ARG RS vigo g olojd TGS vl AlPuitt 55 3
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Fig. 5. Biomechanics Information Feedback(CoP pattern)

Table 2. BVC Group

Contents

When making the address position, the CoP should be
between the left foot and the right foot.

When making the address position, the CoP should be

2 in the middle of the soles of the feet.

3 When making the takeaway position, the CoP should
move to the right foot.

4 When making the takeaway position, the CoP should

move to the heel.

When making the mid back swing position, the CoP
5 should be between the center of the body and the
right foot.

When making the top swing position, the CoP should
move to the heel of the right foot.

When making the early down swing position, the CoP
7 should be on the right foot more than the center of the
body.

When making the mid down swing position, the CoP

8 should move from center of the body to the left foot.

9 When making the mid down swing position, the CoP
should be on the toes.

10 When making the impact position, the CoP should
move to the left foot.

1 When making the impact position, the CoP should
move to the heel of the left foot.

12 When making the follow through position, the CoP
should move to the left foot.

13 When making the follow through position, the CoP

should move to the heel of the left foot.

Z AlFstdetl, ZA9 Aoi7t SR JFS PR ARIA] A
HE7] Qo A JEE o & 3 Aojd dAE 853
o, Ball et al.(2002)2} Linm(2004)2] 914+ % Front style D&l
(Figure 1) & #aLsto] th& =3 A| CoP ol €0 o|gA +3
SJojo} sH=Alo] Thet B4 Aol oz AFSHATHTable 2). A

ARALeE B wgo A SAE CoP oleWeH-S APAFL} vl st
o] 713 A= ojoF & 3719 AY oHIEE Ao 1L FHo=E
AZ S
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3) CB Feedback 1%
BI(CoP ©]% #j&)@} BI Verbal cueE 23St A0 2 BIE A&
3t AF PA G JEE GO 3 dojd TdAE

4 CT1E
obi ] HEE AlFotA] okt

1084 = A% CoP o5 W AHure] 248 ¥ A=
57] Y3 =atolH A9 1035 AAEIY o, 15 S5t
27} 7P XTI 2T 3719 Ak EA0 ARgSHAT A
HiAs BE AYo] TRE § AY] BuA FAoz AHE7
AMgsto] SRSt 74 o2 fsh v Aol ARE7] A 5%
o] A4 (Warm up)= Ak
mg OMIEE F 87O of=d|A, Hlo|oigo], M= WA
9, gAY, dEveas, viEteay JUE, T2 AR (Figure
6)i st 2 29 oMIE ¥ 4S54 o) A (Figure 7)
£ AYATE Faste] AgsHAct.

)

AD ™wW MB TS ED MD P FT

i > JIN‘ l‘>4
"y

_s.. u9£ [>

-

2. A9 oHE

Fig. 6. Swing Event
AD: address, TW: take-away, MB: mid-back-swing, TS: top-swing, ED:
early-down-swing, MD: mid-down-swing, IP:impact, FT: follow-through

ps)

7]

6

W 28y

O_?‘I_:‘

3. ¢EEA o5 He

COP Pattern

Left Foot Target
line

-4

Right Foot

n

Fig. 7. CoP Pattern Example
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N

Negative Positive

+

Trail & Backward Lead & Forward

Fig. 8. GRF Direction Inclination

gk A3 29] CoP olF HH 9 H3E AHEY] sl 2 17 67
(F29] F2)9 ¥+ HoleE Sty “Hsteto](Figure 7)
A AAISH AL, Xl‘ﬂ‘ﬂ}a-‘ﬂ 2+-g H}@: ‘ﬂi}g— A7) 9Jsf) A"

= S iH(Forward/
Backward) AAEE S 5X4 g5tof(Figure 8) & °]”é ﬁ-‘} Fo| &8 w
% #gto] dis) AFstth A fFo+E2 052 A4t on
SPSS26 BA #7|A| L2 1H(SPSS, Inc., Chicago, IL, USA)S &

3] Paired t-test= AA|5I9TH $398 s&5a 9T SPSS24 £4
j7]A] =& 13(SPSS, Inc., Chicago, IL, USA)E &-8-5to] B4
stelom FEEA e fEN {32 SHRSE T 6(block) x
4(group)dA R £ THEZSH o= ?1'5]1‘»17‘4 ol HFEA (Two-
AATSHSI
ST} Mo @AM 9 Mt 7k FEHE HS
317] 3l Paired t-test® one-way ANOVAE A5}, AR
ASZ TukeyE AAISI oM, TAH Fo4E2 .052 HA5H3
o S ShEIPgol A SR Aot AEd ReS AT EY
Aol AHEAS Akt AEEIAE FH-0to] YulE 7}
A AREE A FAE FookE AAleHA, A Bl &

o
o
A o r HaEst e 71A 23E =EShth

way ANOVA with repeated measure on block)
HEAS D B
~ =1

OH

pal
S
=
= O

agar< L)

AFE v =] ket sl Lkt A WF3] 915 Cop o]
5 e =W BASAT Aude 289 & 9, A, 9 7
AEE RASIIE, B etol A2, B9 HE AN, B 9
F2 2gstel BASGOm SEMYoIA S ojHa el
urS 3

& HolA B4,

1. CoP o] =&

st A3}k 39 CoP ols el stz 24519 thFigure 9).
E 39 CoP olF ”HEMW—J 07‘% THARA ZF0]7] A
A9 AAlolH, A9 WFS wet QEZ W Target] vl H3F)

i)

ol Lol (TW), v] = ~Y(MB), B2 Y(TS), DIt Y(ED),
|EMAY(MD), YHE(P), BEAZ(FT) £AZ ololx]n] 22}
o] g shte] Ao QAT CoP ol% mlo] ek} Ao
ATLHE CoP 0)F WL T 293} VA Yt Ao 1}

o

o
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BT, §49-dgtag-negea g 7HA] SHEE Ao E Uetgth 89 2, & FALY] HIlE AWHEY oj=d
P ols M7t EtolH = AN ES} =2 A e AL 204 gy Aat & o] Jok BRA Zol7t Al AR YEE
2 HIEAT(Ball & Best, 2012; Aimée & Jonathan & Kong & o moWiAYoAE CBHEOA Zfo]7l Qs ACE YERGT,
Stephanie, 2017) o1=#| &, Ho]=Loigo], n]EMAY7AX] 9] CoP FAaYolA = BFATOIA Zol7t Qe AL ® Yehyith

o5 HE2 AYE HEee}t JAE EJAh oFFHKim & So,

2016). APALE EUE FE AvEet PAE Hol= FAY-4 2) A/3H AAE
S AYG-r =2 AYY] CoP W ol HYE THOR 4 ALY M, o9 AAHurE 2 W AAE HIE AnE dat
HokE o, ] 9] IF 25 g5 A% § SHo R o5 Wt 3 =i Aol BFE oA 2tol7t Qlis Ao YEhgon, o2

Al UErA] otth GHE FEket BAE Hols ojEA-FHola 9 A, $HF BAE #iskE A E A3} go]Fojglolol A BF Mtk

ojglo]-mEMAY 74X 9] CoP olF HolAl«= vl 79 15 2% o] ao]7} = AL & YEhTh
HEet AS gl 4= =T, Hste] A= AmE Y CBIEY ZHA Y] CoP ol mhel Wskel Awvte 2hg wWako] HAE
ojEg| A-go]Zo]¢o]-nEWMAY 71| 2] CoP °olF AATt &5 Wbt =89S AR aQloletal & = QAR AA B2
(Negative)oll Al F<=(Positive) FFLE th2 17| vl FHH L HIk= o 53 4= Qo
2 a7 Halsk A& ZAT 5 ASiTh

3. a0

2. AHuty 28 vk AN (GRF Direction Inclination) 2312 9] Baseline &4 A7} EA4 07 895t Jol7} LyehL}

S5 A & ek 28 W FAREo| 2ol7t A A9 o] A gro} 15 FAuAgo] o]Fo] HES &Rl st oH, FEA Y

HEO gt HhE Paired t-testS AAIS Aob= oS3 LAt} Zof| tigt boxd Y4 FAol EH EHU1(p).05). Mauchlye}

Greenhose-Geisser o2 A AA|5FAT).

D &/$ A=

Ao 2, & AARES 2 WY AAE s AWE 23t °1 DAY
g AoA BVCHT T CTHEOA g A3} Fofl ko7t = ool AE &4 A3 67719 $5TAQ] Aldo] 15
O ® Yy, nEu Ao CBYTAA Aol7t Al /\Ei 45 SAHEGE AL Al A2 A=l 95t A F(3.271,
vebytth =AY BF, BVC, CBY R4 2fo]7t Sl 91.596)=11.351 FAE ZAOo = Yept, 2block® 4block,

@ 4 o) sy
Demonstration CoP Pattern .
6

Left Foot Target
line

-a Unit: cm

Right Foot

BVC Group Prevs Post CT Group Pre s Post

© == ) sy © =

Fig. 9. CoP Pattern Pre vs Post
a) Demonstration, b) BF: Biomechanics Information feedback group, ¢) BVC: Biomechanics verbal cue group, d) CB: Combination

Feedback(BVC+BF)group, e) CT: Control group. Black line: Pre, Red line: Post. AD: address, TW: take—away, MB: mid-back-swing, TS:
top—swing, ED: early—down-swing, MD: mid—down-swing, IP: impact, FT: follow—-through
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Shlockol 4 Hekat A 7ke] 4528 HIMpO05)7E A AOE
kg, SE9ANNA WS 2 Aol LA ek, Mol
Apol A 5k 2 908 AolF(3, 31)=3.9327F b= AL veht
AT AFE AN A3 CBAR] CTAR w8 A2t 94t

20 2 YePdtHFigure 10a).

i)

229 sE AnE

seboly 29 = ANEE 4 AT} 65779 S5
Aol AL Al A9 29 d= AT fosHA F
Ao Uepton, Fd 7k Aole UEhA] ofolet. ekt 4
735 AE EIE vEhA] gkt dolHAr Aol M E
FoI Aol Qe AR UYeht 29 S= AvEs e A
o] me SFaIE EolAe ¥ Aog YEHth(Figure
10b).

o N o

3) & 3A-F

Fo| gotd w9l &olet Ao FFE v
rpmlg FPER. 67 55 2
Po| JPI+5 {5t

<l

Table 3. Mean and standard deviations of GRF L/T Inclination

107.762)=3.024 FEGACNA £ HY] 45248 A= o
ERLEA] QRQIAIRE, St5o] avkE gRlste Aold A e 1
Zol7t = ALR FG, 31)=3.526 WEFFL, BVCHT| H &
o] 7HE St Aor Yeged Asdss dAT 2
BVCHeto] BTl vlsh 93 2 0.2 ey th(Figure 100).

4. A=A ks
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)
o,
_\\_l‘
o3
i
rlo
2=
H1
X
T
a2
]
¢
AN
oy
fo
ro,
rlo
I
=
o

I
oy
o
Hir
)
rr
iﬁ-ﬂ
H1
o
)

014 TAe] AFo] sHste] olsfe} g
sk 4% 5 9le. A% CB ADolA 128 CoP ol5 W] ¥
sht Aol @Al A A GAL A sk Huot AA s 3
52 HROR T QoG B AFo] o] EA X S W

Swing Left foot Swing Right foot
Group Group
event Pre Post event Pre Post
BF -7(9.6) -9.8(3.2) BF -7(9.6) 8.93.3)"
AD BVC -9.8(1.6) -8.6(0.9)" AD BVC -9.8(1.6) 7.9(1.7)****
CB -9.2(5) -8.4(4.7) CB -9.2(5) 14.4(14.7)
CT -11.2(3.7) -10.3(3.8)" CT -11.2(3.7) 9.5(3.4)
BF -15.3(4.2) -15(5.7) BF 11.3(4.9) 10.4(4.9)
_— BVC -11.3(1.4) -10.8(1.7) W BVC 8.1(1) 7.5(1)
CB -7.7(9.6) -12.7(5.1) CB 5.8(3.9) 7.5(2.3)
CT -15.4(4.8) -12.6(2.9) CT 9.3(3) 8.9(2.8)
BF -14.8(6) -14.2(7.1) BF 10.9(3.9) 9.8(3.3)
VB BVC -11.3(3.8) -12.6(4.*1) MB BVC 7.9(1.3) 8(1.1)*
CB -5.1(9.1) 9.5(8) CB 4.7(3.6) 7(2.7)
CT -13.6(1.5) -12.3(6.6) CT 8.2(1.6) 9.8(2.4)
BF 0.8(14.2) 0.1(11.7) BF 11.2(3.5) 10.12.9)°
TS BVC 4.4(4.5) 6.4(7.8) TS BVC 8.1(2.8) 8.4(2.5)
CB 0.6(7) -4.8(13.5) CB 5.3(4.2) 6.2(2.2)
CT 6.1(2.5) 8.3(2.8) CT 7.6(2) 8.7(4.9)
BF -6.7(1.9) 8.2(5.8)" BF 10.8(3.2) 8.2(5.8)
BVC -5.7(4.5) 7.7(6.4)" BVC 7.7(6.2) 7.7(6.4)
MD - MD
CB -6.7(6.1) 6.8(5) CB 8.6(5) 6.8(5)
CT -5.5(4.9) 9.9(4.2) CT 6.6(5.1) 9.9(4.2)
BF -8.4(3.2) -8.5(2.5) BF -6.5(17.2) -11.1(5.1)
P BVC -7.8(2.9) -7(2.4) P BVC 1.6(10.1) -3.1(9.6)
CB -4.4(10.5) -6(7.7) CB -0.1(10.8) -2.6(12.6)
CT -9.5(0.7) 9.7(2.6) CT -1.7(12) -10.8(18.8)

BF: Biomechanics feedback, BVC: Biomechanics Verbal cue, CB: Combination feedback(BI+FBVC), CT: Control
L/T: Lead/Trail, AD: Address, MB:Mid-back-swing, TS: Topswing, MD:Mid-down-swing, IP:Impact

T p<.05,” p<.01
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T T T & 1§ rranstertest 0 1 2 3 4 5 6 Transfer test
Block Block

(©
Ball Spin Rate, rpm

-e- Biomechanics feedbak

3600 * -= Biomechanics Verbal cue
% ¥ -+ Combination Feedback
3300 -¥- Control
a
3000

2700

Ball Spin Rate, rpm

I T T T T T T 1
0 1 2 3 4 5 6 Transfer test

Block
Fig. 10. Mean of Distance, Head speed, Ball spin rate for four groups during Acquisition phase and transfer test

a) Distance(m), b) Head Speed(km/h), c) Ball Spin Rate(rpm)
BF: Biomechanics Information Feedback group, BVC: Biomechanics Verbal Cue group, CB: Combination Feedback(BVC+BF)group, CT: Control group

Table 4. Mean and standard deviations of GRF F/B Inclination

Swing Left foot Swing Right foot
Group Group
event Pre Post event Pre Post
BF 1.2(1.7) 1.1(1.5) BF -2.4(1.7) -2.4(1.7)
AD BVC 0.4(0.6) 0.1(0.8) AD BVC -1.4(1.4) -1.4(1.4)
CB 0(1.3) 1.2(2.5) CB 14.7(25.5) 14.7(25.5)
CT -0.5(1.9) 091.5) CT -0.4(2.1) -0.4(2.1)
BF 4.8(4.2) 6.2(3.9) BF -1.7(1.9) -1.7(1.9)
BVC 4512.4) 4.2(3) BVC -2.4(1.7) -2.4(1.7)
T™W ™
CB 7.7(4.9) 8(7.1) CB 2.7(10.3) 2.7(10.3)
CT 6.1(3.6) 4.6(2.1) CT -2.4(1.8) -2.4(1.8)
BF 0.4(4.7) 3(4.9) BF -0.9(1.9) -0.9(1.9)
BVC 1.3(2.8) 2.9(3.3) BVC -0.5(1.8) -0.5(1.8)
MB MB
CB 3.3(6.9) 2.9(6) CB 3.8(11.1) 3.8(11.1)
CT 2.4(2.9) -2.8(7.8) CT -1.6(1.8) -1.6(1.8)
BF -9.7(10.9) -10.2(8.9) BF 6.5(3.2) 6.3(3.5)
TS BVC -12.4(9.7) -11.5(7.1) TS BVC 6.3(3.3) 5.2(2.4)
CB -7.7(10) -12.6(11.2) CB 10(12.7) 6.3(5.3)
CT -15.1(4.9) -18.8(3.9) CT 9(2.7) 10.7(0.4)
BF -17.8(4.6) 12.9(10.3) BF 25(4.9) 26.7(6.7)
MD BVC -18.9(3.0) -17.2(6.6) MD BVC 22.7(4) 22.5(7.4)
CB -12.8(9.6) -15(8.4) CB 25.6(20) 18.7(9.2)
CT -14.6(5.4) -15.7(4.6) CT 14.1(9.9) 23.4(9.1)
BF 1.6(4.5) 1.5(3.7) BF 17.5(9.3) 16.5(10.4)
P BVC 2.0(7.1) 7.5(16.1) P BVC 9.5(7.3) 12.6(13.7)
CB 6.6(7.9) 3.8(12.7) CB 10.1(6.7) 10.1(6.7)
CT 9.2(12.1) 7.4(10.6) CT 0.7(3) 6(8.1)
f/B: Forxlard/Backward
p<.05, p<.01
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B o A=Al tigt H2A A= 9 olsiE o] 29 529 | =40] I 8sltHZhang et al., 2019).
3= Bojulo] sk A3HE =9l Aolak & 5= Sl T FE2 A, stAY 3ld I 2HE L8 olH A= B4
0] =2 =20 Z(Chu et al., 2010; Kwon et al., 2012) 5343 g
A4S I AA S ATE WAL AFL ek AT %l
=g A AL 8o150] B A9 so] o BA BEF 4 YA
= of Tst BAL TR A Qkskeh whehd B Aol At 2 Sefo]
B 298 BAZ 4ste] CoP o) WA Wate A we g
AE2 9 oe $YAS WHAE ST QAT AFHE AR P AR wsh, 9, HeH 292 B AR gey Ax
% 408 GRS S EFIG RIS AL UHA 7 EFUGA UAT BAE FIALA SHslon, B Wl =
tHDabnichki & Beca, 2008; Newell & Walter, 1981; Smith & 20| g £ &= 75k TAE AlFstaA; st o] Axt
Loschner, 2002; Zhang et al., 2019). 5}A|5F th2 T =u Hole} of ta =2Jotd a3} et
H WS o FASHA] 23 o s et HAE 8T ATH AR, & AFolA CoP olF HHE =Hs}sto] EATH(Figure
Table 5. Mean and standard deviations of Distance, Head speed, Ball spin rate for four groups during Acquisition phase
Acquisition phase
Group
1 2 3 4 5 6 F p
BF 196.8 203.5 209.9 208.7 211.5 216.5
(25.3) (20.6) (18.3) (22.6) (16.8) (21.6) block 11.351 .000™
BVC 194 189.6 195.7 207.3 203.7 208.4
i 13.1 14 9.2 7.1 9.3 9.5 -
Distance, ( ) (14) 9.2) (7.1) 9.3) 9.5) block x group 2 440 013
m CB 198.6 196.6 206.5 202.3 208.9 212.6
21 (16.9) (18.4) (19.1) (19.6) (17.5)
cT 194.7 192.1 196.2 189.6 193.8 193.3 group .948 431
(22.3) (28.1) (22.4) (31.2) (21.2) (22.7)
BF 151.6 150.2 150.2 151.8 152.6 153.7
(11.4) 9.7) (7.7) (10.2) (8.4) (12.5) block 3.179 .009”
BVC 147.2 144.9 145.9 148.8 146.7 148.7
Head (5.2) (7.1) (5.6) (5.4) (5.8) (6.8)
speed, block x group 473 951
km/h CB 149.8 148 150.9 151 151.3 151.3
(7.7) (6.7) (8.5) 8.2) 9.6) (11.4)
cT 142.9 141.4 143.5 141.9 143.5 143.3 group 1.579 217
(10.9) (12.7) (11.5) (13.2) (11.8) (11.6)
BF 3383 32854 3246 3252.8 3256 3020.3
(745.2) (465.3) 407) (437.5) (258.8) (294) lock 3.024 022"
BVC 3511.1 3333.1 3399.1 3104.9 3162.5 3055.8
Ball spin rate, (602.6) (69.5) (513.9) (319.3) (296.7) (446.7)
block x group  1.110 .360
rpm CB 3667.9 3628 3302.1 3585.8 3194.5 3068.4
(1090.6)  (627.2) (675.1) (964.3) (699.4) (387.6)
CT 3127.9 3151.3 3005.5 32279 3789.3 3198.6 group 318 813
(778.4) 916) (679.7) (800) (728.8) (606.3)
" p<.05,” p<.01, BF: Biomechanics Information feedback group, BVC: Biomechanics Verbal cue group, CB: Combination
feedback(B+FBVC)group, CT: Control group
Table 6. Mean and standard deviations of Distance, Head speed, Ball spin rate for four groups during transfer test
BF BVC CB CT F P post hoc.
Distance, m 209.4(25.7) 207.7(9.5) 214.6(16.8) 187(12.9) 3.932 018 CB>CT
Head Speed, km/h 152.4(9.7) 147.9(6) 152.6(9.6) 143.2(9.2) 2.037 131
Ball Spin Rate, rpm  3642.2(692.3) 2868.4(327.9) 3107.4(284.5) 3377.9(590.8) 3.526 028" BVC>BF
" p<.05," p<.01
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Table 7. Results of the self report

Factor

Group (Freq) Content Freq

I trust that I use my body correctly. 2

Trust I feel it is very systematic and scientific. 1

(%) I was able to trust the results because the results came from the special equipment. 1

I was able to fix my swing movement because of the special equipment. 1

BE Understanding (1) I feel like I understood more each time I practiced 1

I feel that I have clearly changed. 1

) ) My driver distance has definitely increased. 1

Satls(fg)c tion My driver direction has improved. 1

My driver swing posture has improved. 3

My driver swing impact and accuracy have improved 2

. I understood and learned the swing mechanism. 4

Understanding (6) .

It helped me understand swing movements. 2

I feel like I get better each time I practice. 2

My swing is more stable now. 1

BVC .

Satisfaction I fixed the movement of my swing. 3

(11) It helped increase my confidence. 2

My driver distance has definitely increased. 1

My driver accuracy has improved 2

I trust my swing more than before. 3

T(I;;)S t I feel it is very systematic and scientific. 2

I am no longer confused about how to swing correctly. 3

I understood the swing mechanism easily. 2

Understanding I was confused at first, but the more practiced, the more I understood. 1

CB 3 I was enlightened by this experience. 1

I realized what my swing problem is. 3

My driver distance has definitely increased. 2

Satisfaction My driver direction has improved. 1

(10) My swing is more stable now. 3

I feel that I can keep swinging in the correct patterns, even if I practice without a coach 2
0) A}, GAYeIH MEFLAYAA ZHOZY ofF AL T | CoP o[5S Wkt Aulst UL Aol AR 5 9lo] o] %
& AT HIE e A AdH o 24 Wslelx Qolth B, o= 2o] gt 52 B4jo] 2% d7ol4 B Ao AZEY ®
HolA] WAg) o5 Welt ot At HBE A AThAoR W 3ok Ak F AW A8 P AAEA n=wAY T3bo]
shstgom 53], CBURY olSd|2old gAY T2 Mak 4 CBRWS 3, 9 AT} R BN 84 At F9 Hol 7k 9

402 7 20 R, CoP o UL G CoPel 4 & AR ek, sl=tesgol e BE BC, CB Jdol 2
T AA2AM AF ZEU AF olsol gt ol = (Ball & & H, & BAECNA gy A 5 Zol7t %lt Aoz YERT
Best, 2007), CoP9] &4 o|5 W I¢ £ SdtolH F= Ax] Adte] 28 g2 A% 1’41011 Z-gste el 27|42 9o

Eoh 2 JBEAT A A
2017), ol=g 204

Smith et al.,

o2 B% 91 (Ball & Best, 2012; st Aol ofd A 2E 58
n=ui A 749] CoP °lF

2011; Gatt et al., 1998; McNitt-Gray et al..

IS5l ﬁEEA‘I(BaH & Best,
2013; Okuda et

2 JHE Aeet AA T 5HA 2 H(Kim & So, 2016) CoP ©]
S e 29 ok ZolE HolA| ¢k 1R ol st3lct
(Ball & Best, 2011). CoP °]& ¥ ZH3} HA oA Uehd o=
Ao WA Wk SEa IR QA 1F WEHo| Wl T
ATkl sjA S 4= Qlom, A1A F2He] #sto] 23k CoP o5 T
g9 a7t B Ao g ASE 4 Uk 53] o= LofA

U EMAY7FR] O] CoP o]Fo] YHE Aete}l dA G T AP A+

€2 oF 2ok o CBR A ol oj=aA - mjuuiay
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al., 2010; Williams & Cavanagh, 1983) X|#4tg] g HisF 7
A O] Wsh= ST AA £ 79 Alof 59 € 39 2F 5
< 7& F52& o T Aolgt T 4= . o= FAGTH
JE7} A GZIHSchmidt & Young, 1991) BlE0] ApAISHIL
g3t AR E Aokl AA 529 B 7|53 JEWO RO o
oS St AYAT 2E oA 2 2l Sshith(Dabnichki &
Beca, 2008; Newell & Walter, 1981; Schmidt & Young, 1991;
Smith & Loschner, 2002; Zhang et al., 2019). t7t CoP ©|%
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