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Received 2021.04.27. PURPOSE The purpose of this study was to investigate the applicability of
Revised 2021.06.23. proprioceptive-dependent training as an effective physical training method by
Accepted 2021.07.08. analyzing the effects of proprioceptive-dependent training on the accuracy of
perceived and actual distance as well as the correlation between the changes in

Correspondence* X X A h
Duk-Chan Jang the thO varlable-s.-METHODS Th|rFy—5|x mafle college fstudents tF)ok p?rt in the
chang30@hanmail.net experiment. Participants were beginners with no previous experience in golf or
less than five times of experience. They were randomly assigned to one of three
Key Words groups; proprioceptive-dependent training, visual-dependent training, and
motor learning, control, maintaining the same sample size per group. The experiment was carried
proprioception, out in the order of pre-test, practice section, and post-test. In the pre-test, putting
golf, was tested to assess the accuracy of perceptual and actual distance in the 1-15m
perception, distance in a random order using a digital putting analyzer. In the practice section,

perceptual judgment proprioceptive-dependent and visual-dependent training groups practiced a total
of 90 putting, six times per distance with the eyes closed or open. The post-test
was the same as the pre-test. The accuracy of perceived and actual distance and
the correlation between the changes in the two variables were analyzed using the
calculated absolute errors. RESULTS The results of this study showed that there was
no difference between groups in pre-test. In contrast, in post-test, the absolute error
was significantly decreased in the order of proprioceptive-dependent training, visual-
dependent training, and control group in the three distance conditions. Besides, for
the proprioceptive-dependent training group and visual-dependent training group,
there was a significant positive correlation between the changes in the accuracy of
perceived and actual distance. CONCLUSIONS These results provide insight into the
applicability of proprioceptive-dependent training for enhancing motor performance
by showing the effects of proprioceptive-dependent training on perceived distance,
actual distance, and the correlation between the two variables.
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M2 A 343 540 715 og AAEo &S 7HYsta ok X7
A A HS A5k 3k 9l o= AP Y (event coding)

A Zr-Q1 A A (perceptual-cognitive) @ (Bernstein, 1967)°] w2 22 (Hommel et al., 2001), 54 AlE# o] (action simulation)

H, =9 Add A2 Xt SHAHERE AR FA4E F41H 29 (Jeannerod, 2001), Z18]3 Q1A & H&LZ(cognitive action

/ol 9Jsf =Tt AQjsioitt. AZ-QIAH nEl AYH Ex architecture) =@ (Schack, 2004)°] 1t}

AFARQ 542 AT o F4AH 2449 9T Fxofglor, 4l E3], AAH SZFZ 2d(Schack, 2004)0] wh2™, ERA|FH
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ol B2 AlE% 0 Z(hierarchically) &5k 414 A|AEl(mental
system)@} 577 A|AH(sensorimotor system)oll 2J3f] AlojE Tk
AeJstolet. FAA 0 &, HAIA AA-2 41A Aol (mental control)
23t FA1A EAmental representation) 502 A% 0] AL
=7 A AEL 2 =774 A (sensorimotor representat1on) e
Z3} 5774 A|of(sensorimotor control) $+FO 2 ?—‘5‘5101 3l
o} & ]"ﬂoi%ﬂ (e, BAH Aoje)olA stleE
(.e., A Aoj) 02 AlojHrt. wata] S2k9] A&t ‘a“’g

Al Z&ARI % 4_75'1 A|AHO] F8/d0] ZFRE|Y. o]2gt Wt
Al 27] 5 DACIA Augt JAA #1430 B4 SAA717] 9
g 25 4/dE - (motor imagery training) T E5HAZA(action
observation training)¥} Z-2 QU4 9Pl T3t AEo] FT
E0] B2 IS a1 QtkEave et al, 2016). AAZ, 183k Q14]
A T2 FAH w72 P el Al A0 E YEith
(Frank et al., 2018; Kim et al., 2017).

SHAle SAA0lE SIak HAIA AAde] Faxe] AFH T A4
) GAT LS A SEUNE e%sﬂr F5VIEAI} 2L A
4 ZAPEel At ZPHALOIE AN FATE mlo] MY

o}

AAZ A28 Q=77 A A8 A }o 9] 7152 AZAL HI
o} ohA] TSl Al SAel tig AR #wAo] oA & 225t
(well-organized) =0} Qlt}slt|gte J40] 54 2z I &
SHA %= Sk ke Holth QXA ™ol FAA TRt 7]
S50 nXE JFS HES AYATLE(Frank et al., 2018; Frank
et al., 2014)& 2sA/dEATL %_}EJ—}Q—% &o] FAA TR A
w3}o] 7SR FE A HATFROIA ] Mk vl [F o
2 7oA o] MskE feskAlE 2 A0 UEdth ol#e 2
T 52 AlojzgolA BAA A ATl Fa3 AE 3Ystezt
= ﬂiﬂqm Al&H(e., 1547 A|A”) 2] A A 7154
Ao] JojupA] gkZ 4= Utk S SJu|gteh
\_oiﬁﬁﬂoﬂ/ﬂ BAA ANA”T 2504 AL Aold] 7]

D
)
5

2 dZo] Foltk= 9ul= Azt E QIAg Hi2 F&te g &Yty 4
th= A< ojujsich, Ttk & A AE Alo|o] 7%z ?ié% Zs}ot
= e Bz ge] WolEo A1 Qe AZ-Q1A4 REe 25

AlojZgoll A FA1A A AR F84dE ZFRoAT, HA1E A4 W
oA FAH QA F HAFL oJBA 31 Ao g V-G A AH
79 7154 AZE 7SS Aol Higt HES éﬂ% Edmu !
o} J1Eg i ES é HZ a5 “’%ﬁ 25A0 9 g5 7ge]
)L 7otk AHAA AAH Y|
oA AAE] Y B g
g AT v IR 2 A o] ZASZE
oA IR0 AAE Yol 133174 I (proprioceptive
representation)?] 348< EXT £ = AAH FAE 2ot A
% & HH EAE S % 9l Aol :rlxﬂ;‘qoi A5
ﬁ.Q_ _ﬂﬁ]- }\]7\1]7(4 ZzH B]—\:H oz -] E_ (\)i ] 4] 71.71._/]};?-_3_1
(proprioceptive-dependent training)®] A2 .&J—}— AZskaA

17

A2 Apstol A IR AlAE] o] Af
2 4o A9 e R GEste] A
= ZAYHEE oJu)sitt. 13- ZHproprioception) AIA| AR, &
ozt R e, 32U 9A, B &=,
& ERUBAR ABIHE B T
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49 4otk Magill & Anderson, 2014). 87 oA 54+ 883} 7
H AEE Algots AZAALY @A a7 A 57159 3
T} 35 IPgoflA T EMO] F a3 R U0 & ZREIcE SFA|TE AIZHA]
ALt DRAAAAZE A2 ok FEE SFAA HE‘;}“‘Q
o}, PR LA JEETHE A2 Y E o) 9)Eshs ARkl 3L
HLee & Aronson, 1974). 125t A|ZHA| Al 9] LA T+ AZHAA 9
AE7} " ohs o] A5 BT £ e 71585 7] GAllA
IRAAA 74 B39 AP AN R YR A-gote A EY
187131 Xﬁﬁﬂ 7Fs7d0] Slct.
EZAL2 oln] AAFEE S FHE
A= /\]Zﬂ]’ﬂl“i—/] Apdsto A I[A2A Y HgE JEste] 7]
Fo 2N I/ B0 B At E SN = e
g &% oo}, AFA o HAIH A~ 9] olX| A FALT} 719
A A A" O IR A4 Ae]9] 7]54 o] AotEEA &5
7159l =91} g5o] £X1E 7hs/do] Atk ShATF R olEE
o] A 7 aTo e Etotal @A7IA] 5e5A0] EokollA] 7]
5% 9 SEES A3 AAE SARA 1RaAeEEe A
E AAFCE AES AT QI F 07 AJs] n|gtt Aol
waba] & A BH2 57159 7] SgdA A BT BR
AFAQ 257150 EEHPA a7 Eg o] AT STl o
£ AZtod 9 715530 v|As 9% ﬁi‘ﬁ'—i‘ﬂ 7]%‘#?%’?1
< 913 AR AAE FA B o EA 1RA7tEEHe 48 7}
9L dESH: Aotk & AtolA= 1§ 1—71-_,]@640] JEL—‘—]'X4
Q1 AIAIE A o2 283 A7t HHE o OEshe 1L
Az ojEd ol A7 e oEste AldoEddat SAIE e | °H
A ZF-AA] 4wt 7]—“*’?\—"3 = ¢ 3F 07 EXAZ Aol 7HdS
AXstedrt. ob&®], A1Z4-Q1A14 Ed(Bernstein, 1967)3} o1& A A5}
= 2dE=(Hommel et al., 2001; Jeannerod, 2001; Schack, 2004)°]
Algt AAE XA 337 F40] 7540 R AdE o] Ut AF
Ao w2 A Z-QIA A THo] §iste} 7|59 W3} Alojofi= A
A A verg Ao, AdEEAY e AR do ke
F7+= 9rlsks HY 743]27101] w2} gehd Aol 7HdS AAskel
o} & Ao ATl 715 EEERS Yt MR AAE FAHEA 1L
Fadoeed] H87ts4 % Aotk HolA e 9 A4
EEAEAAGoNA T4 9@ ARAE0] IR EEH S e &
5 U= A8 7HAE HESka Qick
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20~25A] Atelo] FRt thshd 3670l Aol FofetAThHM,, =22.1,
SD=1.8). BE FojAE2 QE& Fo|& FAolv Ao R wAH Al
E—Jlg Agom, ZuHy Fgo] AFstAY BEol 53] ulviel 2H4

A& FrojzAkEo] #HAgt A7 Bl (self-report)E &l ZHRIH3AT.
XJ'OV]——O AN ENH =12, M,,.=22.4, SD=1.3), A|ZtSJE
AeHn=12, M, =21.8, SD=2.0), 12|17 SALTHn=12, M,,,=22.2,
SD=1.8) & & ol 12784 FA2 vig=qict. Ad2 A7) A
At @A kY] G A& E50lHA =L ok, o=

2 A% 714 ol Al AR} SIS 93 A
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Hg5Pol| gt AAsFARE S5 oAl dAE HYEA7]
(OP-8000, One Putting, Seoul, Korea)7} AFEE QI tAE Hy&E
A71°= 1/2,000% S92 £9] 2 UL A ol= AlAEo] atE]
o] glo] Y THAIAHOAEE AHWEAZIA] A QE= AZHEE of
Uzt JHE = AIAE o AAEE 89 £EZEE IAR Bol &
7= WA AR IONA &g AR A= 7EA] BAIE T 7o
A= HY5Y T 2ol FE|7ke U 8o] HEe S AEEH
A& S YEE AYES] i £ ol Y4 F HEE
K710 BAE= ARE AAFFARE 7150kt ok, MY
ofl tigt PR ZFARE S7ok7] HshA ZF A= HE 53 = Fofzt
7 AZA 0 & WAtk o AR E LFH LR 45 A A=A AA
SIS gtote] AR Z Aol 7| YsHt. & Aol A= HEs
Foll thet PR 2FA= 9] S Brieh] oAl HPFHFA i
ARl AAHHUOR o] &= AR = IRANFEE AR
ket XA 2l et AA|=P A 2 7ke] AjalE o]g-sto] A A& Al
AReEo 2 A7 A ] o] HEFZ HA 61t A @ A7) EolETt
= A2 AAE AR B IRA0E JHE AR ddeles X742l
A2 A9] 7]Eo] AAEFA A 7 ATGE 2L QulstEg A
Al=FA 2] o] Hsto] theh TS AZ-RAAH SHol|lA AP 5= 9l
= 8 ol AYH 257159 FHA AR SHY F874
S 73F3E A 7-Q1A 4 Bd(Bernstein, 1967: Hommel et al., 2001:
Jeannerod, 2001; Schack, 2004)9] A A5 HHSE 4= Urt.

(7

3]
=4

i)
Y

AR APIEAL, AFAIA, 2EAL AR AR o' JIYE It

Table 1. Experimental treatment by group and test session

(Table 1). AFAAAIME BE FoAAE9 27] A7 9 +3
< S5 ARdAAR ojoiA] AAE AN E F5
o] 27] =RAAA ] A (e, Hxh AP A 9| %
F(ie, dheADe EH5P7] A 1-15m HIFS 7B R 134
(ie., & 153]) 729 o2 WA S SHSHA. SA 2
2l WYL § ot AdEor dHdt AR E FRE R
&5 3R A7 AR 8-sto] AAATT S4A0 71 Y33
o AP =5 € AEE HYE 6o, 2 3ol o]
St ojudt m=d e AT E ] QT FAIH R, 7t =] ek dA
AT W7ot EAIE 0] AT AT = A= AFHA
o sYAE WY & 2 20 FRo HFTHoR HE =29 A
£ 71 sliolon A HY7lol A1 dA7A= ol digt o
LS AESHA R AsAldeIA e |A, LrdaoEdde] 73
e A2 AHE 2R RN &St 1-15m 717 9] H
< 79 o0& AZER 684 (ie., F 903]) +RAES I
IR LRAZE EON &R ojAte] 7 4= iRt Ay
Hi.e, LHAAIE AHu =) E AZ3HFT ololA, AlzojEid
o] Aol w2 & HR AlZE JHo| 9Esto] 1-15m 712]9] H
& 749 £o2 AER 634 (e, ¥ 903]) +YA5S ST
AR Al Aol &7 ozt 2t =3 it A E (e,
AZe)E Aom =S AE st B0, AT ool Al
ZAEASH "R 2 & & JHE 1-15m 729 18 744
w0 AR 634 (e., F 903)) +HFAEFZ SIFAT 4 &
oigt ofm et A RE AF5HA] okt AFAlA0] oloiA e A
FAAE AP SA M 9 A EAA ZdS Aelstal ARd
APe} FUsHFh ARIEAL AFAlA S ARRHAR Alololle 7} 583t
FAjo] Folzlon, ZHIE HYEate] Aol & QIR & E017] sk
A 712AQ T R e, 2FA, T )T AlF6RT

&

2 oo 8

i ol Ho

&

> 5

Pre-test

Practice Session Post-test

Practicing putting in a random order 6 times for each
distance ranging from 1-15m (i.e., a total of 90 trials)

Performed with eyes closed
Proprioceptive feedback was provided for each trial

Measuring actual distance
once for each distance
ranging from 1-15mina
random order
(i.e., a total of 15 trials)

Proprioceptive- L. .
dependent Signing the 1'n.fomled consent
training form and writing a self-report
(n=12) ) )
Measuring actual distance once
for each distance ranging from
1-15m in a random order
Visual- (i.e., a total of 15 trials)
dependent
training Measuring perceived distance

(n=12) once for each distance ranging
from 1-15m in a random order

Practicing putting in a random order 6 times for each
distance ranging from 1-15m (i.e., a total of 90 trials)

Performed with eyes open
Visual feedback was provided for each trial

Measuring perceived

distance once for each

distance ranging from
1-15m in a random order
(i.e., a total of 15 trials)

(i.e., a total of 15 trials)

Performed with eyes open
No feedback was provided for
each trial

Control
(n=12)

Practicing putting in a random order 6 times for each
distance ranging from 1-15m (i.e., a total of 90 trials)

Performed with eyes open
No feedback was provided for each trial

Performed with eyes open
No feedback was provided
for each trial
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Z]'EH X

23077V A T ] FBHA

ﬂiE‘*d‘Oﬂ gk YR A o] A HPFPA HEHRL A4
HReloa ol8E A7 Tl 1O7IARS A2 st X
Z1A=et ARG A=Y A29] Wstol ofsf Brl= it A H 2
2, FYPAAD Q] HEgS EA6] oA A ARt ARG A
2]7ke] A ] Zpolo] gt gk o]-8-sto] AT A A} ro] Akt
ek A A} gro] 45 PN AAR 9 o] ke AS
oJulgic}, ohA] Daf], SHAIK 0l whet PR AR 9] 27t ARk
‘: AL Zod A ER19] AA|l=H ) A7t A 2] 7H o] FolEt=

A& ouigitt. &, A4lo] B Az AR AgE AZole 580l =
Arhs AS Yttt

Aikg Ho] tis] A2 A e., 1-5m B4, 6-10m FA, 11-
15m ZAZ) x F.e, THAZIERT, AT, SAHD)
x ESHAA(.e., A, AR AFEAREA 0] AAEQIL Al S
9] AoAgo] BAZHOR foste] 7Tl ARkt Ao = ek
S AR ZRAEE HPR)T SEAHQ)Y] ol gEAREA S AATHT O
2 AASHT BE AREAY FofE2 5% AU ok,

= Fanet A45AENA 34 7Hg] 717 % ] Greenhouse-
Geisser 17 grol BAASol o &= 3t

I~

2. AAIRAE 9] F2H

He5=3io] gt AP A HAE Y479 AlA7E dHE

T B9 EEE AASI AT A E 1%5} Jck, A=A e o] g
J517] IsiAl ARG A= ol thgt Ao 22} gro] Al4kE|qict.
292 Al|2aA e o] FEHo] LTk AL oju]at

: SHAIH] whet AAlEPA ] A7t FAaF k= A
2 FodA 2Rl HY 5o P Ache A onlgitt.

AlAEE Ho] s A 27AB) x HH3) x SHAH(2)2] A4t
E40] AA= I FPA A Q] A BAol|Aet u AR Al
P Joakgo] BAH R fosto] 7HAS APt Ao R
TRt A2 AEE JAHR)T SPAH(2)9] o] PEAREAS AR
502 AAISHt). HE AAREA 9 ROl 5% G O]"E
31 L Fauet Joa-goA 134 750l 712=0] Greenhouse-
Geisser 23 o] BAHSO o 8= ATk

3. A
FYA AR 9 A3 AP A Q] GG Afole] JRBAE

HA4617] oAl Pearson®] AJEA EA{o] $YEQIe). FAHH 0=,
Hd(e., LKA, AZHoEAY, BANDE Az
(ie., @A, 342, A T2 F SPA- e, A, Al A
A Uit 3R 21A 2| 0] wstel A=A o wist 2t 4eEAE
EAEIh BE AREA 9] oS 5%E A E AT
A7

FRAAAR ] 2
HY 5o gt SFAGA Y FEdE BAT ARoA= A
2249 Fad}, [F(2,33)=222.74, p{.001, n;=.871], {9 F&

H

[F(2,33)=4.93, p<.05, n2=.230], 281 SHAF9] Fa7}7},
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E RRAE 16.91
g = :
G
&
= 10.89
8
Na]
< 1

Proprioceptive Visual Dependence Control

Dependence

Fig. 1. Accuracy of perceived distance by group and test session accord-
ing to distance condition

[F(1,33)=18.30, p<.001, n;=.357], B&F FJgt 202 vrebyich. obe
2, Bt Z83 ouls AUe AzA% Y D SHAH Ao
|5 3ot Ao & vebgth, [A2,33)=4.85, p<.05, n,=.227]. Al &3
H40] Folgt AFT RG-S 77 (Le., 23 HETEID-1)0] WgFo 2 ALS
#40] 7hssth & AFolAs 7HEESol At Aos wddt A
xR JoTt ZHYAHY ol ARAEAS ARFHToR HAJSt
gict. WA, 272 2A(e., 1-5m)ollA Akt ZGAH o] PrAt
BAS AAISE ARollAs A, [R2,33)=3.89, p<.05, 1;=.188],
AQ R, [F(1,33)=16.37, p<.001, n;=.332], I3t A2
2 Yehgth o SAAE AEAE ESE Fo3 208 e

o l‘-{
JIN‘
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o}, [F(2,33)=3.43, p<.05, n2=.172], <Fig. 1-a). o] ZHA|H] u}
2 Atk 749] ot o7} AU Feko] whak AL 7H9] Rolgh
Zo]7} QltHe A& ojulgitt. EPAFER etk 7o) 2jo]
23t Avlof = APAHAAE A 7F 2jol 7t YepA] gk vt
o AFAAIAE TR ZolE o] Aot Al ZelEyt
Aol vl f-ofskAl 2o (p<.001), AZtelE o] BA
Ho A o7t §o5H 2 Ao g UERITHp.001). ekl
SN 7] AolE AE ST Ao IazoEywy)
Zroj =gk Abdo] HIs| Ao AQ] At folstAl Thast
.01) ol BAYES SGA7E Aol S HolA] Qlofrt. ojoiA,
A8 2A(>.e., 6-10m)olA Fetzh SHAIH] o] YEAEH S 4]
At AN T et} ZPAI- ] AFsakgo] folgt AoR Yt
o}, [F(2,33)=3.64, p<.001, n?=.181], <Fig. 1-b). TIA &, Z3A]
AR ek 719] Jo|g AF G S Aol wh2H AP A A=
o 7t X}l & Holx] gk whHof A Aol Al TaZe)ER T, A
ZrojEd, 21 SRS &0 2 Aol et o5 22 Ao
2 YERGTHp.001). ArdE A 719] jolg AF75et At
oAE TZETo] A9 AP E T ALl A 9] A @17} 9]
S TAaHp<.01) WHEo] AlZejEy oy} SA-TS A7 2}
o1& et ket wiRgto 2 gAE ZA(e., 11-15m)oflA J
Sk S A2 o] YEAREAS AAIE Ao A = Fekat S AIH 9]
Az go] folgt Aoz vt [F2,33)=5.07, p<.05, n;=.235],
(Fig. 1-c). SHAIAER Fot 719] 2Jo| & A5 Ao w2
gAE 2 FAY 2AT v R ARAIAE J 2E 2ol
Holx| ko kol AL A s w2 A ko2
I3 BRG] oz Aoyt folstA Z2 Aoz YERith
(p<.001). ok, A= SHA|H 719] ol & AFSAZSH Aol A
= 180G} A1kl 2T B AT ARSof A 9] Hf e &}
7F 25| T43Hp<.01) ¥Ho] BAIY TS SHAIH Alo]9] ZjolE
Ho|z| okojtt.

i
Y
s
T ooy

-

P

B oY &R o
oft

>

)

A7) e

ool Uit ARG ALY Jekie Bast Aol Bk 5
23 9} AUt AezAm W9 L SHAHY JB2go] Ao
Ao UeRiT, [233)22.59, p(.05, n2=.136]. S4A2A 0] 2
HolHet A2 Hae ] Ag A0 BHe A 2aER
Aet S ol ARG AFAZOR NS WA, T
A2 ZA(Le., 1-5m)e] Aol Fezh 249 328o] £
ofgt A0 vhebgteh, [A2.33)=3.35, p(.05, ni=.169), (Fig. 2-a. ©]
£ 2AH wet W k9] foat Aol AL Heto] wret 2
A1 749 SoI%F oIk Ik A ulieh. YA ek 1
of Aol g AAZFI Aol wh2ul APA AL Fek 2k Fol7h
R ghe Wil AEAARIA L TR AR, Aoy
&, 283 AR o Aot folshl Ae Aow et
HEHpCOD). WEEE 24K 249 Rol2 AFAE ATpoIAI
QAR Aot A Hlsh ALl Rofshl At
(pC.01) ¥igio] A|Zroleraiat BALTE 244 7 Aol g Ho
2] 93kt olold, 5712 ZA(ie., 6-10mPIAE Hek 24A1e]
g Aol G A0 ek, [(233)=3.36, p(.05, =169
(Fig. 2-by. VHPIAIR, 234882 P8 219 ol S A5 A3 2

b

=
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Short Distance (1-5m) [£Pre Pl Post
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622 |

Absolute error{m)

3.47
2
1.39
0
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Dependence
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= 13.78
g 12 (12.64 12:61
5 12,10
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b=
= 2
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2001 | 19.42 |:

16.93
15

14.53
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Absolute error(m)

% 4,46

Proprioceptive  Visual Dependence Control
Dependence

Fig. 2. Accuracy of actual distance by group and test session according
to distance condition

ol whzm AARAE Aet 2 Kol
Al T olENY, AZelEd
2 Aej QA S8 2 A0 LrERFTHp(.00D).
A 719 Aol g AFAZT AolAE TR L T

RO
[
)
[l
oft
2
i
g
on H
e
o2

2, A 24 e, 11-15meld Wet SHAH9) o ARAHEA L
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ges in accuracy of perceived distance and actual distance

Korean Journal of Sport Science 2021, 32(3), 381-390

Add(ie., T4 YEAY, A2l BAADE Agxd
(i.e., AT, TAY, FAZ)ol B2 F ZHA (e, A, A 2

Y| ZkA 2] o] Hstel AA|leAR Q] v} 7t AHAE
A5t WA, 1Rz EdTe] AollE Al AR mFo|
A AP ARl AR Uehd 32| 2EA 2] o ARS8 A 2] o] §ist A
olofl felgt & AL verstt, 94 r=.989, p<.01, <Fig.
3-a, A8 r=.992, p<.01, <Fig. 3-b), FA r=.993, p<.01), <Fig.

3-0)]. o]ojA, AZFJEF T A Al AR HFolA] PR|ZHA
a Short Distance (1-5m)

E x

@

2 y =0.9602x + 0.2439

_{E" s R'=0967 o

=

=

2 e

7 8 -

B

g, e

e v

5

2 0

-g‘: 0 4 8 12 16

Absolute error of perceived distance(m)

o

Middle Distance (6-10m)

E a2
=
8 y=0.9703x + 1.2965 .
= R¥=10.004 ot
T
o}
w
5
S a
B2
(=)
L]
w13 et
=] .
- 12 ._,-"
E P
@ 6 A
2
=
2 o
'.,D: 0 [ 12 18 24 0 36 a2
Absolute error of perceived distance(m)
C .
Long Distance (11-15m)
T
=
] . ¥ = 0.883x + 4.6456 .
< R*=0.970
i
£ 35 .
S =
< |
o .
s n ¥ "0 ®
‘g‘ 14 ot
@
o 7
2
=
R
2 ] 7 1 1 b3 5 a2 a5
<

Absolute error of perceived distance(m)

Fig. 4. Visual-dependent training: Correlation between changes in accu
-racy of perceived distance and actual distance

https://doi.org/10.24985/kjss.2021.32.3.381


https://doi.org/10.24985/kjss.2021.32.3.381

Effects of Proprioceptive Training

2] 9] W3t} ARl AR o] ME} 7t [-OJ3t A AJHIAF UER T,
[A=E] =983, p{.01, <Fig. 4-ay, SA] r=.997, p<.01, {Fig. 4-b),
A r=.985, p<.01, <Fig. 4-c»]. ¥H] BRI = Al Az
7 BN PR 4A D} AAG=P A Q] W3} 7 F-3 A
7F e A] ekt (242 r=.358, p>.05, A8 r=.109, p».05, &
A r=.105, p».05].

11.?_‘4
Lﬁi
x
N
ol
)
“ﬁi
J
2
| o r
j9,
el
2
2%,
ofy
=2
|I
ok,
ey
Lﬁi
r>
111
;4
J>‘~
10
o

ox,
;o

A9 A& 7hs Edk= Aolqltt. &£ 04:1“’1 Ae _’-ﬁ— 7'7—}9445%
o] BRI AIAH SAHoZ 283t IR0 HH 9
Eol= IRAZIENTo] AP Ho|| oEsHe AlZkolE Tt BA
kol vl A Z4-Q1A A Wy} 755 o AEoR SXAZ
Zolgk 7Hd& Aottt ob&d, A14-QA1H Ed(Bernstein, 1967)
3} o]F A A|5l= BAE(Hommel et al., 2001; Jeannerod, 2001;
Schack, 2004)0] A<Jst A HAA FAFT} Z2lo] ].‘:14 oz o
Ax]o] QIttH AFAR|of w2 A ZH-Q1A] A weko] §ise} 75439
A3} Atololli= A A Uerd ZlolH, daHEAe] A 9
W ol 9] F7HE oulol= WY ARl wet gebd Zolgt
7HaE AT £ dAte] Avks ARE M-S ANE o= 7 ]3]'
= A0E YUeigth AR RE, £ A9 ATt =, Al Az
(e, ﬂﬂ %7‘1‘“/] AAD) BFoA 15z El T —rO“X]ﬂ
A2l 2 ARG A 9] FgeH o] AlZelE Tt Aol vlsh &
OJoHAl =2 A—E UePt) of&e], IRl ETT AlZtelEy
@] B, FRAAA DY #sket AAG=PA Y §3}; Atolo] Folgt
A A t1r74] HoQlok, ohATF 1= A9 A ARz
A3 EAY ‘xﬂoﬂ E}E}/ﬂ 895t A}o| & Ho|x = gt}

A, HR o] tiet YA AR 9 e} TEAsto], Al A x
A.e., ﬂ-}]ﬂ wﬂﬂ AT Bl A etk A Xuq«] R
o] f-oJ5te] ALEHGS XSG ATl Al AR BF APAHAL
oA = Hek 7k Aol 7F UehA] o2 HhHol| AR ’\F’ﬂ*ﬂ‘“ NIAT Ay
ol&AY A|Zoj&AY T3 EARTe] Lo g Aoyt -6}
Al 2R A0 2 Uepgth A4 A ] Ao A7t Zolrlth=s A2
IRANE FE Ee A JHE SAR ok X204 A
2]9] 7]o] AAA ol 7RIt ZE oulgitt. whekA & A
79| Al AP B AstollA] {7 A Eo| oEshe 1lG
7"7L94}—°1é°] A7 H o] oJ&Este AldoEdEHT at-o s 11

F7YA 3/40] g0 7| g o2 PRI A 9] IS SHA

Q1A A FAZ BE(Schack, 20045 13T wf, AJZFo]&A%
AN ZERE F FEY0F o]gslo] Hy=P i} TAH FAIH
s3] ol Bolstmz PAH ALH He) BAF BHEH B
= WHHo I RS2 IR JHE F JHYoR
o|-gsto] MY 4P} A ;g/‘k_]xj‘ 2ol Ao HofslER &5
% e, THUAA B4 223 B
Hol Utk AZHE HHE F AHYPC0 R FAH 1449 S FHA
#A9) AA EAPY 2 St BEBREACIFrank
R

kjss.sports.re.kr

3ol e S| R AAH & :
3lA9E F2o] Chiyohara et al.(2020)2] g7+ 258 o] g3t TF
A AAEA] et SEHY TRAAIEER0] TRUAH WA
(proprioceptive acuity)& &340 7 FSIA|ZICZH &
Agohe EWA 7Y 38E £X17]= ZA0E Yyt
25 do] st A7t AdFs] vlggt A4ol7]E skARF Chiyohara
et al.(2020)9] A+AT= IFAAE AHo| &St IRAE
Aol 5T AL o] G2 /449 B/l 7]ode®
W 2R ZA =) W7Po] Z3HE 2 ATHe QA Thete] 298 3
Ll )
Hgagol thet AR A Y et Beiste], 3 ]7}7'1394
A
Al

[mt}
oL
rE
rlo
oR
ok
K
X
g9,
i)

L

EA0) XL iR 2 Al AR BFoA Hdd 5%
Zhgo| foJste] AASS AAlsHT Aol TEH Al A2 &
T APAEARIA = Je 2 2fo]7F U R] ittt BEo] AR At
Az dAZ(Ge., 1-5m) 247 A2 24(.e., 6-10m)2] ¢ 11
Y)Y, Al e, 180 BAINTS] o & dj et &
SHA A= 7;1—& Uebgtt. ok, A 24(.e., 11-15m)2] 7
Solle TR Te A et AlZtelEd gy} SANEE
FotA 2H2 WA AlZelEyd it FAI-S 7F Aol UEhA] oF
Sttt olEgt A= A A Ho) o&Eg IRt EAE0] Al
Z17gHo] o&g AlZtojEdA%ol vt HEsFA HEdS a3t
Z 0 & PAIZIH, T Ril= M AR 9] 7] e dol o] IS
A WR] =tk A AARIT

IRAZEAEY 7ed 2 EEXRTE AX o= gF A
YATFE0] A}HBeets et al., 2012; Chiyohara et al., 2020; Lei &
Wang, 2018; Wong et al., 2012). dlE E°], Wong et al.(2012)2 1L

l‘

B

N

o 1o d

42 Fo] & AHEAe., A7) S0l WAL G
A=p] SlohA ¢ deas] BonkEepl & Sal tie A2

BEE AT v AG5HTe] oA AE & S8l ek Az
A JEe} oA 2ol & AHEZE QtioHA o =M 1R A
RBE Algsigint. 2its v 9ad ARE F71F 08 433t EFlo]
A7 o ot E]o] Hlsf & HA54] shaZ Hrt aafHoR
ZZA7] A0 7 YERGTE ESF Chiyohara et al.(2020)2 230 9]
off Q== EEA] AAEA) ek 54 14 E¥o] 2
TEZ Aok tEEA7|9] o] n|A= IFE HESISIH A+
@ﬂ’oﬂ 2H, A3E /0714 E70] HE | ]«] _/’\:g% any
O AR AoE YEh olgtt A2 1L
7]—‘5\/’:—]4 ol 9_1]——&11_3__4»—— XT~7]—Z4X4_E Z] Z] o]-]:]—
YA ZHA 2| o AA|EA 2] o] HsE A o TS}, 1L
7‘—45?:]‘:}-‘4' AlZelEy o] ALoll= Al AZxA(.e., BAH, ’6‘7']
2], ZA ) oA =2 ZA 2] o] Hstel AA=PA 29| BigtAto]
ofl folgt A AT} Yept. sHol AT A= Al Az
7 BEol|A FPR| A 2L} AA| =g A 2 o] HIE Rt %%%ﬂ]%
Koz giotrt. ol2et At MRAZHA HHo| &S fgTeE
A5} A2 Eof) OEFE A|ZHolE Aol ofsf Wsket =g A| kA =L}
AAFPA = 7[5 H R dAEo] 5lom, 1 A4 A= HE A
29| F7to] wE ol =9 JFE A WA] gethe A AR
SHARE TpA o o] e 2 A-ro] ATE dtslely] Yeiile Bk
okt IA9} ol 20 11 AT HST Z 8Tt Tt
Al ostg ool A A Zudy} &59] 7152 Aol wehA
= B2 d3E0] A= AkFeldman, 2008: Kwon & Kim, 2013:

H

Korean Journal of Sport Science 2021, 32(3), 381-390


http://kjss.sports.re.kr

388

T.-H. Kim, D.-C. Jang, and J.-H. Ha

Pozzo et al., 2006; Warren, 1990). A2 F== F 117t
o wgh A4 A Zwd, 132 A d S
Tog RS £ Qlvh A4 AZudyt S50 7158 A
A= A E A9 d3kso] A8t Goodale, 2011; Kim et al.,
2017; Kim et al., 2020; Ranganathan & Carlton, 2007). 9l& &
Kim et al.(2017)¥} Kim et al.(2020)9] dtof| =21, S5izo] &
At 257159 ZxH YA jEeo] oist ZA1E BT A7
7158ES SXA71H, BAE TR0 Wskie., AlZHE Azt
9] Hizhe} 71 55=3<] WstAtolof HA Q1 AHIAE Qs 20 R Q=
20 & Yyt ok, I/t At 259 7153 AaTt
A Lei & Wang(2018)9] Aol w2, #-2 FroxHEo] Hlsf

Q159 A9 152 Iz Q] 73t Al ZHA-8-S(visuomotor)
B ATA 2] A-GAtolof F-Fh FA AFIA7F HEFRLTh ThA] e,
ol & Qs 5747 v do] Eakd kRlE2 WE JASFPL
29| HZs5go] ¥ Z o= Yepgrh £ Ao] Anet AZste o]
3t 2952 ARG A EAEE SOl HakE 9
Az A e, X904 A, AZHE A Zthel 2522 T
Q1 ARG AR 7} 7 s H 0 & AA o] Qlrks -2 gt &
7VH0 7, 7|53 A4 Hrrt AT Aol whek 2pol7k ‘4’
ERA] 932 & A9 dts IR EdE % AlZolEdsS
Boll A7 (e., A2 AZAd, A2 A7)k -’F#“/\]'O]
9] 7154 dFo] YetHete 11 A9 k= IHA| ‘/}O]E—J FF=
AA M=tz A AIZIT sHA|TE o] 2|3t 782 S35 fsiA
= F7HQl A5 B9l A5 BRI Qlo] BRItk of&d, AlZtelE
Sy Festo], B JLoAe A ZHE|85oA A|Ze]EEHo| 425
QAT AA| 9] 22 Q] Eg FREE Q7] WiEe] ARt T 1
AR} ol & 7Hs/do] Stk wEhA] 5 Aol A= 22X

A7 Bofat 9&d 4= Qe St 22 X H EE U1 2
871Uk

J™oz Etolal Herz o2 B o] Aite 75
g 913 M2 AR SATECEA 1RaZoEd459] 44
75-%7}‘5*32 ?ﬂéﬁ}‘;’i‘:}h HollA g4 9 AR A =/ggolA

9P 2T AL T B 4 P ALH A

""lj

J

s
B 8 S5

ol )
rhu
P
=
re

jl‘o
>
& S
i o

Ihe
e

[o
Lo 2 g
Dol 2 g

2

é_‘:

-y

o ofN

2

fu

S

Q K

:(o

n}'. f

J}L Ml
r& Y

5 oo

2 ko

=2,

10

N

ol

rr

[

e

o

JE J

10

N

FI
[
o

F5HS HolFert. &
Ael, 372, A=) BEAA 167 w @Eu ezl
AR5 A=) 0] H3Ho] AZrelEeat BA Mol 3] folshA &

© B0z Uehgth. ohgd, TadAdENG AT 42,
S92 Walek AASAR ) Wk Atolo] fofet HA A
W quzraiq e Zake mazlEEdo] LHhAel Ad

[¢)

ol g =& AAFelE, A dud gFo] 715Hos AAH
o] %E]—'"T Xﬂ,]d— AZr-RIA A R El(Bernstein, 1967)= A AgHct. 1H
ol Etstal, IFaZ &S] Bt wHE C"i:v"ﬂ' g33] vlEst

e A 1 o, 2 479 282 gutsksirlolle 7271 A o

Korean Journal of Sport Science 2021, 32(3), 381-390

e 35 AT 7530 5
3, AEAIEALT A2zl
2% 5O B T4 ATES Fof X
a9 AeYRL A3 2 Bask

https://doi.org/10.24985/kjss.2021.32.3.381


https://doi.org/10.24985/kjss.2021.32.3.381

Effects of Proprioceptive Training

389

ikl
rok

ks

Beets, I. A. M., Macé, M., Meesen, R. L. J., Cuypers, K., Levin,
0., & Swinnen, S. P. (2012). Active versus passive training of a
complex bimanual task: Is prescriptive proprioceptive information
sufficient for inducing motor learning? PLoS One, 7(5), €37687.

Bernstein, N. (1967). The Co-ordination and Regulation of Movement.
Oxford: Pergamon Press.

Chiyohara, S., Furukawa, J. 1., Noda, T., Morimoto, J., & Imamizu,
H. (2020). Passive training with upper extremity exoskeleton robot
affects proprioceptive acuity and performance of motor learning.
Scientific Reports, 10(1), 1-9.

Eaves, D. L., Riach, M., Holmes, P. S., & Wright, D. (2016).
Motor imagery during action observation: A brief review of
evidence, theory and future research opportunities. Frontiers in
Neuroscience, 10,514

Feldman, A. G. (2008). New insights into action-perception coupling.
Experimental Brain Research, 194(1), 39-58.

Frank, C., Kim, T., & Schack, T. (2018). Observational practice
promotes action-related order formation in long-term memory:
Investigating action observation and the development of cognitive
representation in complex motor action. Journal of Motor
Learning and Development, 6(1), 53-72.

Frank, C., Land, W. M., Popp, C., & Schack, T. (2014). Mental
representation and mental practice: Experimental investigation on
the functional links between motor memory and motor imagery.
PLoS One, 9(4), €95175.

Goodale, M. A. (2011). Transforming vision into action. Vision
Research, 51(13), 1567-1587.

Hommel, B., Miisseler, J., Aschersleben, G., & Prinz, W. (2001). The
Theory of Event Coding (TEC): A framework for perception and
action planning. Behavioral and Brain Sciences, 24(5), 849-937.

Jeannerod, M. (2001). Neural simulation of action: A unifying
mechanism for motor cognition. Neuroimage, 14(1), S103-S109.

Kim, T., Frank, C., & Schack, T. (2017). A systematic investigation
of the effect of action observation training and motor imagery
training on the development of mental representation structure and
skill performance. Frontiers in Human Neuroscience, 11,499

Kim, T., Frank, C., & Schack, T. (2020). The effect of alternate
training of action observation and motor imagery on cognitive and
skill performance. International Journal of Sport Psychology,
51(2), 101-121.

Kwon, T., & Kim, T. (2013). The effect of perceptual judgment of
previous performance on next performance of novice and expert in
golf. European Journal of Social Sciences, 39(2), 234-240.

Lee, D. N., & Aronson, E. (1974). Visual proprioceptive control of
standing in human infants. Perception & Psychophysics, 15(3),
529-532.

Lei, Y., & Wang, J. (2018). The effect of proprioceptive acuity
variability on motor adaptation in older adults. Experimental
Brain Research, 236(2), 599-608.

kjss.sports.re.kr

Magill, R. A., & Anderson, D. (2014). Motor Learning and Control:
Concepts and Applications(10th ed.). NY: McGraw-Hill Higher
Education.

Pozzo, T., Papaxanthis, C., Petit, J. L., Schweighofer, N., & Stucchi,
N. (2006). Kinematic features of movement tunes perception and
action coupling. Behavioural Brain Research, 169(1), 75-82.

Ranganathan, R., & Carlton, L. G. (2007). Perception-action coupling
and anticipatory performance in baseball batting. Journal of
Motor Behavior, 39(5), 369-380.

Schack, T. (2004). The cognitive architecture of complex movement.
Journal of Sport and Exercise Psychology, 2(4), 403-438.

Warren, W. H. (1990). The Perception-action Coupling. In Sensory-
motor organizations and development in infancy and early
childhood (pp. 23-37). Springer, Dordrecht.

Wong, J. D., Kistemaker, D. A., Chin, A., & Gribble, P. L. (2012).
Can proprioceptive training improve motor learning? Journal of
Neurophysiology, 108(12),3313-3321.

Korean Journal of Sport Science 2021, 32(3), 381-390


http://kjss.sports.re.kr

390 T.-H. Kim, D.-C. Jang, and J.-H. Ha

[(E2] 2 d79 552 257159 27] shadAllA S4% 52X 25715 EnuBA LRAAEE
o] 7A=}S 71l wE A 2 7l er ol nAlE ¥ HET il

& 7Hs73E HESks Aol
3] E2 ek 367g0] Aol Foisiirt. BE FoRe2 28E ol Aiolu dder nyd Alge AR
o, FLHE o] ZFsp FHo] 58] veel 2EAE IE2 A EgT, A&, 123 FA
A & o Aol 12984 7292 sig =0t & Ad2 ARIAAL ASAA, 28 AgAe] <oz AT
APdAARIA s HAE HYRA7|E o185t Fofate] 27 #RA A2 e (i.e., Al 23 AAlG=Y 729
g d(ie., AHl2ADE EA57] HAoiA 1-15m HBS 7B R 184 (e, & 153) 72 <02 37218 54
SHlet. AFAACNAE LRAAETTED] A w2 A2 AHR S0 tig LA3olE Aom| SHolRt O9ES
o] 1-15m A9] HY& 729 o2 AHER 634 (e, F 903])) $YAHS st A7l T] Aol &
< T AHE 3ol digt Al4e)E drm=aof ojEsie] 1-15m 712]9] HYE 7449 0= 72ER 694 (e,
3 903)) A5 sttt SAFITS] Afolle w30 tigt A=y glo] =2 & JH= 1-15m 7129 HYg<
A9 o g ARER 634 (e, F 903]) FHAFS SHATH AR APAHAS SLsIIH 3R 4A R 4
2, A7 9] A2, TRA PR 2] Hste Al E] o] #S)E Ate]e] AFHHATL A o4t g o
8oto] EA =t

[27H APd A= et 7 AolE HolA] e Bl AEHAA = Al A2 e., 1-5m B2, 6-10m F7
2, 11-15m g7 2)) 2ol A dgazelEda, A&, 12)a SANTES] +o= £324712] 9 A7
2|9] A e 27} fofotA| 2k 2 0= YEgth ohgd, ARAA ST T AILEITHY] B, FFA LA ¥
stop AAIG=Y A= 9 W3} Alojofl §oJ3t H A AIAE HolFQlek. SpAITE Teieh AHAY e AR xdn &
o] mba] RolRtk Ajol & HolAl= et

[ZE] & A7 IrazelEdse] Laida Azadi 7 sl vAe d3l it $2Es Alsdezs 7
W A AESAE AT AAA SARA 187Hs8S Hojert

g
i
>
[
Jo
oy
)
10
N
%
p
1o
o

[¢)

19 o
i
]
Fr'l:‘
=
5
N
i
10,
1)
r«{- I
e
10
iy

L, LA B, A7) Az

Korean Journal of Sport Science 2021, 32(3), 381-390



