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Effects of Interactive Metronome(IM) training on motor
timing, EEG, and putting performance in golf:

A neuropsychological approach
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The purpose of this study is to examine the effect of IM training
on the motor timing, EEG, and putting performances of golfers.
Participants were 34 elite golfers and they were assigned to either
the experimental group(i.e., IM training group, n=18) or control
group(n=16). The golfers in the experimental group received a
series of IM training(total of 12 sessions) and those in the control
group conducted putting practice while the experimental group
participated in IM training.

In order to determine the effect of IM training on dependent
variables, pre, mid, and post-test were conducted. Changes in the
motor timing were identified through Long Form Assessment(LFA)
of IM. While putting, EEG of prefrontal lobe was measured and
attentiveness(RSMT) was identified by analyzing EEG. Putting
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Analyzer(SAMPUTTLAB) and 50-ball test were used to check the
putting performance. Two-way ANOVA with repeated measurement
was conducted to check changes in the variables measured in
each test and differences between the groups.

The conclusions of this study are shown below :

First, IM training is effective in improving the motor timing
among golfers. All motor timing errors among the IM training
group are significantly decreased. Based on this result, it is
concluded that the function of the brain area related to timing
has improved and affected the motor timing function.

Second, theta wave of the left and right prefrontal lobe of the
experimental group showed a significant decrease and all SMR
wave, Mid-Beta wave, High-Beta wave of the right prefrontal lobe
showed a significant increase. Through this result, it can be
contended that IM training is effective in decreasing the theta
wave and affects the right brain activities while golfers are
putting.

Third, the improvements in attentiveness were identified among
the IM training group. This suggests that IM training may improve
the communicative efficiency between the brain areas of white
matter tract and information process. At the same time, the
functions of attentional system are improved.

Fourth, IM training group showed an improvement in putting
timing. This result was shown as the increased motor timing
ability was transferred to golf putting timing.

Fifth, IM training enhanced the field golf performance ability.

The activation of the right brain function, attentiveness, motor

- 122 -

Collection
WAL



timing ability and putting timing improvement of golfers identified
in this study seem to have had a positive effect on the putting
field performance.

In conclusion, IM training had a positive influence on basic
motor ability and motor skills and brought about positive
neuropsychological changes. In particular, strengthening of motor
coordination, timing ability and selective attention is considered to
be shown in the process of synchronizing the external
environment and internal movement during training. Besides, right
brain activities can be interpreted to have had a positive impact
on the space perception for hole cup or target and the ability to
control temporal movement speed of the putter head in the golf
putting situation. Therefore, as a single training protocol, IM
training is expected to improve kinematic, neurological, and

psychological functions all together among the elite golfers.

Key word: Interactive Metronome, IM training, brain timing, motor timing,

attention, golf putting performance, EEG
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Aottty ¥y E 9t Harrington, Lee, Boyd, Rapsack, & Knight, 2004;
Ivry & Keele, 1989; Perrett, Ruiz, & Mauk, 1993; Spencer et al.,
2003; Timman, Watts, & Hore, 1999). 124 Eto|d]2 AL]o] ==1A
Q1 7150l ofyz}t Ak7t thg FEFA WAIS|RE P45t AEE &
ofsoly FAYY THH 7lsS A5 ®tHMorton & Bastian,
2004). fMRIS o]&3t Stoodley, Valera, 12]11 Schmahmann(2012)2]
Az whad bRl FAY MAA Ak AFEY 42w
‘d(sensorimotor cortex)it @A /et Z2 =l E AR
3] M < =(mental rotation activation)z} &r

o]
u
HA 22 AAA 7lsodMes AHet AXFF,
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At A, gtoly IA|A FHZE Ak|(posterior cerebellum), EAR5Y
A(supplementary motor area), 7t AEF=Ao]zxH(middle frontal
gyrus), oFA%3](inferior frontal gyrus), st+A¥(inferior parietal
lobule), 7]Adl(basal ganglia)o] Z/dstd & =I5 THCasper,
Zilles, Laird, & Eickhoff, 2010; Wiener, Turkeltaubb, & Coslett,
2010). B QlEto]y AHWL 7 Sujgdolo] FWE Mdsln vlwso] 2

o]
(o]
=9 2732 &l dusta geleh AU T=tHSage, 1984).

>

5) 2z %9} Efo]g

A xo|A Eolge Aol BAY Adolct. Anx Efojue oA
o|W(external timing)®} WA Eto]%(internal timing)og JL&2=H 2 Q)
tHSchmidt & Lee, 2014). A Elo]@& <AX] Ero]T(coincident
timing)ol2t L& sH=t] o= SHEA Tl AR} o8 AN =n
S wsttl(Wollstein & Abernethy, 1988).
S A (kinematic sequencing) Et&= FETA
(motor sequencing)et €2 7Hgoltt. WA oY w&7lss AKA
SR o 2 o 2t BB SA 7 Uehbe AZRZHole @ 4 9l
(Davids, Lees, & Berwitz, 2000; Ferdinands, Kersting, & Marshall,
2013; Putnam, 1993; Savelsbergh & Bootsma, 1994). ® WA Elo|q]
< Al4(phasing) E&= A Efo]Y(relative timing)d}p #2 7HEC
AA U0l -] Al7tol| o TAN &
=9 AR =4, FEFE
(phasing)> 7HAARl A9 £ F7|oke =
(Schmidt & Lee, 2014). &, YA Ejol9J& J¥o] mWH EX(surface

S|
feature)d} txAo=z FA WA dRlo] He ASF=E(deep
structure)2 WA Eo|Y7]50] 2505 25 e 4 SIS =
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Figure 1. Human information processing model
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st¥tHHall & Blasko, 2005).
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oA Axlet BE0] 7 A(parietal lobe)xt

(parietal-frontal brain network)o]2t

Figure 2. Large scale brain networks in cognition
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Cortex: PCC), UEHHXE=H(Medial Prefrontal Cortex: MPFC)o=2 4
= Al7do]tHBuckner, Andrews-Hanna, & Schacter, 2008; Fornito,
Harrison, Zalesky, & Simons, 2012). SAJAEJAIZATHDMN)Q] 712 A+
oAl Atar, ulfof thetr o Fit A€o JZS ¢IthRaichle & Snyder,
AZWDMN)o] Thesbi] 248k 49 ADHDL AR %

A

FAISEIA S S (DMN) &7dst, oA

o)

Cingulate Cortex: ACC)=2 A= Al7To|tH(Seeley et al., 2007). A
FAGL(SN)2 o] FgHer Yo JHE AT o 2/t di+t

Z A 7| = A1 4 THCEN)L vijQl&A = n] Al (dorsal lateral prefrontal
cortex: DLPFC)e} orRF=Au]Al(Posterior parietal cortex: PPC)9] Al
= 5ol AAME QAAFFL FART Ao dRFlA FdetetHBressler
& Menon, 2010). ZQHAIS7:5A1ZBHCEN)9] 7552 Aei7]el Hus ol
Eoly ZASHZA Al AtLE st 295 FAIst wAlo] AEE 4+ U=
=2

et

ofr
2

B Qlefold) AlIFYoA WMALERE ST FAG-AF 3
&2 A2stH wE JEA ], 2548 @ SAA 253850 dF=2 UlA]|
H(Colom et al., 2009; Deary, 2012: Deary, Penke, & Johnson, 2010:

Hunt, 2011), ¥¥tX]%7]=(general intellectual functioning)o= I3FS
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O

]31th= Zlo]thPenke et al., 2012). 9] Al 71X A7l 57]3p7} e
AZ(ms)FH = ZEstA] gded JIXEs, 44 2+
ES

2 4 Atk 3233l ADHD, ZAEEE, AHS, =]

ThHBressler & Melon, 2010; Bush, 2010).

3) Fo9FY W

AT} AA| AIAHOM Aoz JEE AZT O+
M4 =gt o] W wAIGH= A9 (potential)=

So0] Jhsetth. 1 5 S0l WAss AIA AEE St WAL
4 o(Electro Encephalo Graphy: EEG)&Ao|2til $HtH(Niedermeyer &
da Silva, 2005). Yot L2iSo] &=st o SAIE]= A 7]|&0l AlsE

g AN A7kl

o

~

iC)

D
oX
o
)
L
=)
1
eba
E])l
rlo
L
>
=]
ujn
1
fuiok
offt

Y g9 e ¥ wAl 552 ot
ofdt & 9l Hmo] PEIE FASHH mPAMRIY] A H Al A
HEE dE5d a5 o giZo HugdAls 25 dgolA] Axx 380}
wed FEo S4duk AR 9l AFE & o AR&o] golsitt. ot
NSt Al5 2 ZEA|7 A5 ghrlolog Qyo] HM7|A gHFRI=Zo|Lt
o AARRe] A 5ol B4 Aubo] QAME 4oz & Qi AS 54
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HEeto= & o GAls] 42 4 ot 22 wEaK(13~16Hz)= SMRm}
(sensorimotor rhythm)2til &2}7|= gitt. W2 HEoe £ 5t A
e wAlske HEIYA UEt+= Hobojcf(Vachon-Presseau,
Achim, & Benoit-Lajoie, 2009). $7t HE}oH(16~20Hz)= 1%=9°] Z2oJ7l

oX

T dHEE AAE W YEYE Hooln Iy ABLfA FEjoA = LE
g 4 ol Addst oA AEte] S7te AN Attte 2 s
g 4 flen, SMRuet i HEtme] Frte FABEHY S7t= sl

7hsict.

g
W BAS olgste] 2 Fuppo] YES BRotL 1 372 B of
714 ol Wate] 27\(power) ol §ate] TS ARINEIS HAY 5

oty =8| AEbuo] chat SMRuet A7+ uiebmo] e} ulgE FojE
A5 (RSMT)E =Helsr 4~ 9lti(Doppelmayr & Weber, 2011)
2(RSMT)E  &Qlst=  ZAlS  (SMRpower+M.Bpower)/Bpower 0| Tk
(McFarland & Wolpaw, 2005; Vachon-Presseau, Achim, &
Benoit-Lajoie, 2009). o] & 24
Sotl stol HAFEOIA Pre fA|= #gE o] ZutE T 4 Sl
TetA 2 A-tollA ofo]st

wEfte] £717h Uebd 79 RolEo] BE oz sjME 2 9

rlo

r|r
I
1o
md
_mi
rlo
=
o
£
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=
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1) IME] g

Argg ol AAl U] Eoly I AQGSA Jlse del7Ie &30l
o M2 BeQletoly) 2 sl 7iee Aulolch. iR A&
FuEAS ZEsto IMEoletal sttt FUe] AFoA= IME
Alosto] H2AEA HERE Yo AVfEA £ SU 4 2 A
ARl M= IMe B9 dHesesdedd(sensory motor

integration training)’' o2 J183lo] A2 Zo|t}. X F AL XFOLO|A]
IMo] A2 mt ‘EfolYE
AHE-E] 91 31 (Libkuman, Otani, & Steger, 2002), Sommer?t Ronngvist(
2009)= IM2 Ax=o] Este ME=RZE 7|3 &F(synchronized
metronome training) 02 WHsto] AL83519CH o] Qo= oiefst o
oM IMz &3t 9 B ISl ARl . Taub,
McGrew, 2] Keith(2015)= $84 A5 AfolA WA Eoly &

—~

training in timing)o|2t= TLA Lo}

(interval timing training)’, Beckelhimer, Dalton, Richter, Hermann,
J2]3 Page(2011)= HE%F A AolA "HREH 78t 25 EHoly &
#(computer-based rhythm and timing training)’, Leismand}
Melillo(2010)=  ADHDR| 2 ¢ 1oA &=&AEH(motor  sequece
training) o]z}
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EE RENE]
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che
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oju
100

=13

ANESESE)
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c}

CHStein & Meredith, 1993).

oju
%

wjr

Alute] 201 A

UERHTHNgo, Pierce, & Spence, 2012).

=M=

oty

HATHWing, Doumas, & Welchman, 2010).

H

WS

PAPATS|
a1 O

17 B e QT Gray, 2009). Jensen(2006)2 =3¢

T

B2
1o
<O

o] AT

H(Meegan, Aslin, & Jacobs, 2000).
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2) IMER9] 7|8

IMERIS] Fojals HERE 250 WH U LEBSS Al

MHAol g4 SI7HAZA £ AdthKoomar, Burpee, DeJean, Frick,

Kawar, & Fischer, 2001).

3) IMEH 49

McGrew(2013) ‘IMERate] 387 7}d'g Aalgich. IMgAe A
Nelg W ABAe A WAl Ede FaFu

(crucial brain-based domain-general neurocognitive mechanism

I

A1 Al-z(neural oscillations)& =7} §FAE]= ZlojcHFigure 3).

e b st ko B o N r
[ \ / \J/ J\/ﬁ\ J\Ml

{faster clock speed=faster rate Slower neural Faster naural
of asclllations) of the braln oscillations oscillations
clockis) which improves neural

efficiency of the brain

(temporal g)

Figure 3. The brain clock and temporal processing(McGrew, 2013)
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o= ZHQle] AAl RO Ao dHY FFO ARFA2|(Temporal
Processing)?] oiAt=elt A HA 2|(information processing)?] &-&7J0]
AL Zolo] SulAAe Bl W Qolal AlgAsigo] NAESHE
57H17 eold Aelg aatdoR @ 4 YRS sh- Jloloh
< 287 avte 1974 aato|A A
AHAls] 2t Aot &, IMEHE Sl ety = X AEYS &Rlsta
Y] g7l AAXM(brain connectivity

(synchronization)?] §&84-& 2H1st Z1o|tHFigure 4).

| I
Al(communication), 7|3}

=

~

’

Prefrontal
cortex J2s,
P

Level Il: Brain Network R L
i i - sinsular & 7 -
Communication & 4 ¢ cingulate 0.0
Synchronization Y cortices P

B "rhite &

Improved brain network{s) 4 matter ¥
communication viaincreased s, tracts
P ;

speed and efficiency of white

L
matter tract processing,
z . Basal ganglia

particularly betwean bilateral [str )
parietal-frontal regions (P-FIT

madel of intelligence) My ~
S -
P e s carzballum P P-FIT intelligence
L, & 5 =salience network misdel araas
e € = central-executive metw ork

Figure 4. Brain network communication and synchronization(McGrew, 2013)

] AGTg2 WAEAG R wAlg e ot IMY} HHE FHFY
< ARFE, 789G, 7IAY, A, AT, EEeEsdd, 2HE
Zotstal Qlot. oo FH IS AR wAlS Sl Are] ohefer At
o 385& THECHBressler & Menon, 2010). 3] EB2|Qleto]Yu} HAH

Collection



et al.,
2011), A]’=(Penke et al.,
opxl} A K] Sl Ak

System: ACS) 7]=9] 3Filo] EJr(Figure 5).

2009; Deary, 2012; Deary, Penke & Johnson, 2010: Hunt,
2012)0] = e 7t
SRE RS

8l(Attentional Control

Level lll: Attentional Contral
Systam

Improved focus viaincreasad
efficiency of the attentional
control system {ACS) that
maintains goal ralatad
information active inworking
memary and improved regulation
of internal {mind wandering) and
external distractions.
Improvement in efficiency of

Attentional Control System (ACSH

Executive
Function
Control

WorkingMemor,

Storage &
Retrieval

executive functions and working l_

memory results in better complex Long-term Memory
cognitive processing and learning

Figure 5. Attentional control system(McGrew, 2013)

ZOFH A AMACS): FAIA AT Foj Ao 8 AI5L
zxstoto] AA71A Hej2 YUEfUA Yt (Chuderski & Necka, 2012).
2AON A drget viel o] AXGAITE TSNS Ui, 279

18
Aerase] gt EAEL kol

sl FAIISAAFCEN)S B0 A}
1ol ZPFL PsA Ak E3 AWs|oY EHe FAGAAY
(DMN)] 93Fg w7 =) Zolt)

i} ]_'I:IE‘—! o v a —|]—}1\_1
As £29 Z7P7F oyl Y ol BRIEo|d AFY 55| =49
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2001).

WK Shaffer et al.,

[e;

Y] X =38Hbrain mapping),

1
L

X

3]

st

T

(neuroplasticity)o]2}
BR15

Seitz, 2000).

7]

<+
ol
5
ar

oju

=
[}

e}

SRS

o mEe) 7154,

Al =] tHSchaechter, 2004).

HRRY 459 wal,

719} /48 mjAlo] #are] 9ltiRosenzweig & Bennett 1996).

]

AXN

o

mju
—_—
N
Klo

oK

ol

]_

LIS

R

Afte] Ao of
HJacobs &

RAZ37] fjZo]tHCoss, Brandon, & Globus 1980).

7R =

(@]
ar

= 1737tade gy o

Scheibel 1993).
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(Bao, Chan, & Merzenich, 2001). o =% +0] HO|X] Q¢= A}HO]
a2 olsfe m AxE AFRETH AALE olsfste AOA o] wol
Al %e A2 £E0] of|RlstAl BRgettt. oj2igh dAolA o] Hol=

3 = =544

oX
rlo
rII.
Iz

=

Atade AT 2 ok 25 WA AHtA

d Ax 4

Cheng, Yan, & Li, 2005). 5]

ARgEde] WUEH wHs EEAZE & UAH(Trejo, Carro, &

Torres-Aleman, 2001). &S SX|st AFEjo] vrE2A

ol W oare Ehb= AL Yscls dnso] wEED 9t}

(Classen, Liepert, Wise, Hallett, & Cohen, 1998; Karni et al., 1998;

Plautz, Milliken, & Nudo, 2000). O}X|2to g2 XA 7IAAHO A2 =3

ol AHE = & At Y wHS MEA YD & vk Aol dish
2 7

o £ug A

Al A

Q S 20
T u U Yo

o] 7est et

A% o 3uy

AEA © M9 (Excitatory Postsynaptic Potential, EPSP)7} dojuy+= 71

olty. o] &dl AXwH(preganglionic neuron)i} AHSRFH
%

(postganglionic neuron)?te] 415 AGsh= o] S7HEH X454
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o=

o
4
e
S
>
)
1
=
2
rok
e
olo

Potentiation: LTP)2}x sttt o]et €tz  A7|sH3AE(Long-Term

thHKarni et al., 1998: Petersen, Van Mier, Fiez, & Raichle, 1998:
Plautz, Milliken, & Nudo, 2000; Schweizer, Braun, Fromm, Wilms,
& Birbaumer, 2001: Ungerleider, Doyon, & Karni, 2002). o]e} &
IMRIZ AH8EH A7t WAlEs} 2 o o] Y=g elshlo] Ags
o AlgA9 EEHsts A =2 ARBIYER &Rlsh] HsiM = ot
Aol  gutAoltHGevins, Le, Martin, Brickett, Desmond, &
Reutter, 1994. Thatcher, Toro, Pflieger, & Hallet, 1994).

APd7tAa/de] et iR oA B &4 &R A
o] Heots =elstitt. meta gukelof AgA eyt obd &1 A7
o] Ao AHEE SF1 QUHBurgener, Buettner, Beattie, & Rose,
2009; Feydy, Carlier, Roby-Brami, Bussel, Cazalis, Pierot, & Maier,
2002; Galvan & Bredesen, 2007; Rijntjes & Weiller, 2002). 5= Y] &
Nete] Y E ERsHAE A} Qe WED Alne S
= Az o]4fo] Sl HEiM = AB8AIY et R EA Al

i

£53 goll F23 AAPel 2 Zlojck,
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5ol 71" Eoldut gl5o] Fx O aAE H AFso U= A
ARl mibg RISk T. o2 IME®Io] Elo|ya} 2] 5of e ohefst
$o32 TIAAE 2 Qe Yoy 7|E9 Xm WyEL Heste @2
oloje] A/gEorollAl R8st AMEE Zol2t AEWR . Alpiner(2004)=
71578 7158 QS (EMRI) S o]&5to] IMERS T2 AlEE2 & 99 1t
wAl(communication)o] g&&Xog o|ilte & &Qlstitt
IMER1S] gats &RIsh 2|2 A5 WYY, IMEHAS &8 25

=

4 &Y d-HEtra, 2006), 743} 25HSH T A (Bartscherer &
Dole, 2005), @478 &4 Ri(Nelson et al., 2013), AR L X|Zt=
SFAF A9L(Kuhlman & Schweinhart, 1999; Ritter, Colson, & Park,
2013; Taub, McGrew, & Keith, 2007), £z X|=2(Beckelhimer,
Dalton, Richter, Hermann, & Page, 2011), ADHDX|=Z(Leisman &
Melillo, 2010; Shaffer et al., 2001), <lojgrSAto] R]|E(Sabado &
Fuller, 2008), $=4380] WA= H-L(Libkuman, Otani, & Steger,
2002; Sommer & Ro6nngvist, 2009, Sommer, Héger, & Ronnqgvist,
2014) 5o] B1Ect

AR xBoto IMEHE AS ALSH A= Libkuman, Otani, 1

ZY7v 14%, 24%, 28%, 15%9] Azwrt SFAIE QT TS Sommer?t
Ronnqvist(2009)= Libkuman, Otani,

|d
n
kl
wn
®
(6)¢]
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=
~
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-
uju
ez

Fsto] 269 BHE o= 457 IMEALS UAIR AT, BHE
el gagol PHY AL HASUL IMEAS WA g1 FEAY
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7+ E St

1T oy

gt RAE it F YoR 47 MUY 189, FANY 163

D AstHrandom assignment)st$tt. Table 12 & Atho] AdurAlo]l E

A

gt AAEARS] e, BEHARS A|AlSHE Al S4HQlo] sigstes
S=Efo]d] =ZH(Bilateral timing, Adjusted timing, Unadjusted
timing), &S AIRSMT), 2b Hop(M|Etot, SMRo, H|Efo), mE 7]
=483 (Putting tendency, Putting timing, Putting consistency,
Putting skills overall)y} m & dArp3d8-=2(Putting field performance)
o thet 54 ZAb ATe welFL otk A4 WA Au £ AG 2

Aot SAM 02 Qolstal oot £ AT 7F $ o] eI 9Tk (p>.05)
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Table 1. Result of t-test for equality of means

IM Group Con Group t P

Age(years) 19.77+2.21 18.87+2.27 1.172 .250
Practice time(hours) 8.16+£1.04 7.62+0.88 1621 936
Career(years) 6.00+3.19 5.81+2.63 .185 .854
Average score 74.83+3.16 75.62+3.09 -.735 468
Bilateral 105.42+52.61 111.66+68.79 -.299 .767
Adjusted 72.48+24.33 64.19+27.85 .927 361
Unadjusted 79.40+£26.83 73.01+31.82 .635 .530
Fpl Theta 28.80+2.13 28.20+1.38 .950 .349

Fp2 Theta 28.72+2.03 28.04+1.64 1.059 .298

Fpl SMR 6.77+£1.20 6.50+£1.10 .689 496

Fp2 SMR 6.63+1.37 6.41+1.31 482 .633

Fpl Mid-Beta 4.80+1.08 4.53%0.83 .817 420
Fp2 Mid-Beta 449+1.12 449+1.12 495 .624
Fpl High-Beta 2.26%.59 22172 204 839
Fp2 High-Beta 21363 2.23+.90 -369 715
RSMT 40£.09 .39£.08 292 772
Putting tendency 72.96+5.83 75.05+5.99 -1.032 310
Putting timing 68.47£6.15 70.23£9.15 -.667 .510
Putting consistency 70.85£5.00 72.01+8.17 -493 626
Putting skills overall 70.78+2.80 72.34+5.62 -1.000 .328
Putting field 8378+2.88 82634358 1.040 306

performance test

Note. p>.05, IM-Interactive metronome training group, CON-Control group.
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2. BYETF L W

FHEAE AFRH IME FFA174A19
9]5t AHd]o|tHGreenspan, 1998). IM-S PC7|8t

F4e Al Sigsts MCU. 32PRs we

MO
- (o] o
2 Qe dleE, 4 HEEY 7 (button trigger)} /44 U E(tap mat)
2 F/d=cHFigure 6)
Figure 6. Component of Interactive metronome
BEE L JjRAoR 2o Agslo At SAL T 0 go]Y Hu
2 FA3H: RoAE BH| wlel &o] ofd Rol= AALE 4 ).
EQ] §Ei BlEERASL AR I} o WD sl g S
olm AP 9lo] giE
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Elo|ql =2 =-L2 M9 AA|E AAHLong form assessment: LFA)Z Al
Alsteltt. AAY AAHLFA) = § 1471K] SAFEALR HdE o] o ofF 25
o] 2@t} Table 2= AAY A F5S Qokslo] HolET Qrt.

Table 2. Task of long form assessment

LFA Task
1.Both Hands(Q#) 8.Right Heel( EEHE|EX])
2.Right Hand(2 22) 9.Left Heel( 2| & X))
3.Left Hand(2l&) 10.Right Hand/ Left Toe(E£&/2/21 )

mE | mE

=
4 Both Toes(¥& 11.Left Hand/ Right Toe(2l&/2 243)

ZE)
5.Right Toe(2EEE) 12 Balance Right Foot/ Tap Left Toe(QELUHYH)
Q| &

=
6.Left Toe(RIYE) 13.Balance Left Foot/ Tap Right Toe(2l2t# )
(o] =1 3=

7.Both Heels(QHE|&X|) 14.#1(Both Hands) with Guide sounds

147kA] 744k § ‘&3 (both hands)'9F ‘ZtolEAbS ok 3P oFdut
Al(both hands with guide sounds)?] HE=Z=® &%= 54bpmo=z AR
St 124t 543 §HEStty. 1 9] HAR= 54bpm2| HERy £%0] 2

0627 QT FAS 303] WEIICE stePAe] AN FA

@O Y2314|(both hands)

FELA oA FEEEAS st HEE2 A (button trigger)s &8 &
"idof 283ttt 548992 FaS 7S dolA] IA 9 T80 Bhpx]
= F&o|th

@ 2E2&3A|(right hand)
LEEMAS FARYS LEE8E BEE27(button trigger)E A
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Alo] @& ZWhE A& FAMo|T.
® A:HA|(left hand)
PEWA Y FARLES A2urHo] B EE=]7(button trigger)S A&t
FHZ 42 19% &2 49 #5 e A= 40|t
@ FE7r=tatA| (both toes)
TUFE A S FS AT W AEHE WS o]&5to A|H
of dx]gl £4 BiujE(tap mat)E Yy AL wAlsto] b A &
Al wet
® Y7 utA|(right toe)
QEWHHIAS] FARYE &5 HEAE AWl il HE=Zo] oF
F 5 Widos 24 "ujE(tap mat)g A2 W=t

® LZU7= A |(left toe)
AZ7HIAl = AR Y2 &5
H a5 WwrEgez 7

%

= FuAlE AHo il HEZFo] 9
1 BHOJE(tap mat)E A W=

FUHEA A (both heels)

SR GAS] FArQ

32 FA4 ®OfE(tap mat)s & o AX|st
s wAboto] ZF HEA|2 9=t
QU H A A|(right heel)
QEWTIEE KW © HEHZ 2
mat)S HEZ

HAEAIS AHgslo]
5 aejo] 9 wech

EHOl E(tap
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Q=22 A|(right hand)?t
a7 F-R]=fofof

N

e AHo] &
A et

HEZE 429
Q22 9A|(right hand)/A&E7H kA (left toe)
QjzutytatutbA|(left toe)
Lol

|(left heel)
JEI 2 dUHEX] S ALEsto] R E(tap mat)E

z

uju

ol

IA|5h= Zlo]t}. o] HAtolA Feh
1=

ZA]
@ AEHA|(left hand)/ &7 A (right toe)
@20 A(right hand)/A 52 7oA (left toe)2f
"pLo] AA|stch
I 7](tap left toe)
7leto g2 ERO)E (tap

&(balance right foot)/¥¥712 3
I—Q]:q

1 7](tap right toe)

© Yt
QEYW stz A e HHE 43S
gon eesdviHoz SujE

mat)E =0t
® Y¥d¥d(balance left foot)/ 228712t 4
At SOk A Qe M2 4¥3E %
(tap mat)E 9=t
@ 7to] A9} | 4F<&1bA|(both hands with guide sounds)
Mo AAE OY2uA et W FUsh) SEAIS Fa o @At
gh-S-st Efojqlof] oijst AHZmewlS AFstch o] mEule J]RS
(metronome sounds)®.Ct W2 A ¥H-35H YAZKOA] “F~r" E= "HTS)
= A7 UEtUA B A §ESStH QXA 427F UERACH
16msHE 100mso|Hje] QApoA= “#H~", 100mso]ite] QAA=
- 38 -
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w7 a7 b,

AHE FAHLFA)S $8) Polnl ¥574 Efold (BilateradAt Zate ©
229 99, Yiu 0B Zo| At A, SRl A WS
SA19] Eto|YoALS HolEth A4 Eo|Y(Adjusted) A B A
o SHAI9) AMA AR Mo} QPFE AMKlO] ElolY LEe WY 4
o}, ohAlsto Bl£g4 EtoY(Unadjusted)S RE AR ¥54 Efel
% (Bilateral) vt 2744 Eto]Y(Adjusted) FAANS LG Efo]Y @A}
Avfolct.

2) Y MEY(EEG)E &3 WS K+(RSMT)

Fraso WS Y8 20d AW Fe Unsy =79
25t2 Y(Braintech, Korea)s FArsto] Figure 71 Zo] mE-8 UjEQ]
oA 12023F HYMAS +3YstAT. Aot 18] HEo] 228 AR
o gsron] HF 158 wHL stk

Figure 7. EEG test with putting performance
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FEsteY9 5482 AXFA(Prefrontal Lobe)?] =p&(Fpl)at ¢
Z(Fp2)oll #AEt. Groundd=2 ARFHY A5 Y (Fpz)o] #A=H,
W0l AAFE = RAEN. A59 A
A2 geg AARFor AT dls fadxtolA ol ddw =:T=
FA % dHE AFR9 o F4o] 7hssto] RAE, AEd 5Y

Z X =L(reference electrode)
= 3

oA AlEP2 512Hzo0|H, Fofas 1Hz45HzZ7HA] E4HY. A
B A9k (Quantitative Electroencephalogam)2 £5f 4% YA ] o}
£ LEFYYAIFFT) mfeAa"EHS o =g 4 tHTeplan,
Krakovska, & Stolc, 2011). mtYAMEZH O wiT WA Moz 3x1Y
o7 mAPT. ® Hmo| 7t Fuop4o] Ao ottt A
et g0 Y1 me} ool e YEdt. & 7]7]2
st7] {ote Hup 54 AHl2 w2 AX =S M Grass Neurodata
Amplifier = System(USA)i} Yo}  ZAxtE  vlugh Axp ALt
916(p<.001)2 UERJtHU &A1 &, 2000).

HEAVIE o 2AY 2 oo A odi(%) s RISt £9
AsAlaE =g & ok SMRuK(12Hz~15Hz)9F S+ H|Etm
(15Hz~20Hz) 2] AE}uh(4Hz~7Hz)S ©] 835t Z 9% %K 4 (RSMT)

ol

a

gl 4 Sle=U(Doppelmayr &  Weber, 2011), AAtEAZ
‘(SMRpower+M.Bpower)/Bpower o]CHLubar et al., 1995; McFarland &

Wolpaw, 2005: Vachon-Presseau, Achim, & Benoit-Lajoie, 2009).
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WAl Algstel AR @ MYsPL Y 2 A APPSR

A7E ALA gL,

oY 7|45 = (Putting skills performance) FAAFOJA] AFREH SAM
PUTTLAB ver.5.1(Science & Motion, Germany, 2003)& & 7|<4~5Y
2 Ex57] olel e BmmeR A AslocH(Figure 8). 2003\
e o] 20043 7 PGAROOA &EEJt. 2010H+= 9999 U=
PCGALx%E mREmsg ez 7|2ARE THEQloH, o592 HoHE
Ediz 9 fy,sisdS B/t o At (Marquardt, 2007).

»

Science &Motion
Sports

Figure 8. SAM PUTTLAB ver.5.1
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SAM PUTTLAB ver.5.12 m{¥ A] mE x
SuapgRlolct. HeaPgolA Mo exQe Selshy] st £ 2104
(210Hz)9] =SS EAAIA At Holg S Als3rtToner & Moran,
2011). =SopdA7|eF 24171 7F 1
Uehdn, wake] Adugat molazizo] RAWEAS AAlst An 247
0.098mm<et 0.108mm=z =relE]itHKarlsen, Smith, & Nilsson, 2008;
Marquardt, 2007). ©2t4 SAM PUTTLAB ver.5.1& H19o] &S g
AHE 7Hee ASA AteAlISol 7HssttHToner & Moran, 2011). w8
Z1ead8ess AAY] 71E U2 Ul=PGA 999 449 HolHE s4oR

e Bt 2&HALE A5t Table 3).

1o
to
ba)
I:IO
o
Me
%
ol
o
>
O,
r|r

Ul
5
)
n
2
>
|-o
%
rlo
o
5
B
o
in
u

Table 3. Putting statistics for a sample of 99 PGA tour players(Marquardt, 2007)

Parameter M sD Consistency
Face Angle at Address 0.35°Right 1.56° 0.67°
Face Angle at Impact 0.30°Right 0.59° 0.70°
Putter Path Direction at Impact 0.80°Left 2.24° 0.83°
Face on Path at Impact 1.10°Open 2.76° 0.70°
Backswing Length (BSL) 241mm 38mm 10mm
Path Symmetry (BSL/FSL) 0.36 0.05 0.02
Horizontal Impact Spot 1.56mmToe 3.5mm 2.1mm
Vertical Impact Spot 4.9 mmUp 2.2mm 1.4mm
Face Rotation in Impact Zone 3.2° 1.0° 0.34°
Dynamic Shaft Angle 0.0° 1.2° 0.49°
Vertical Angle of Attack (Rise) 2.8°Up 1.8° 0.60°
Backswing Time (BST) 670ms 90ms 30ms
Time to Impact (TI) 317ms 35ms 11ms
Forward Swing Time (FST) 820ms 100ms 45ms
Backswing Rhythm (BST/TI) 21 0.29 0.11
Impact Timing (TI/FST) 0.39 0.04 0.02
Impact Speed 1510mm/s 119mm/s 45mm/s
- 42 -
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AFAo 2 UeYE MY 753853 dAe Zite 58 /dHputting
tendency), o §JE}o| W (putting timing), o gl A% (putting
consistency), H87]=A 2 (Putting skills overall)2 & 471X] A571 A
Sdt. WA H84dT2 £&(aim), HES| =2 = (face angle), HE[|E=
Ald(path), 50| B= X|"d(spot), HEF|=2]X(rotation)s &gt /g40]
o oS mEEOIYZ AYX|EHAIIHswing times), U= EEO]Y (impact

timing), YWlAY2]E(rhythm)g =3tsty Qict. T2]1 o

E6] E‘!L‘ (o]
A EHele] wrEE x| selsth oiAtoR Y et YA
3 25%, HYEO|Y 25%, WMYAWY 50%S 27 UF oz AUt

ZAtol Qb WE AFZEO] & gm4Al

wetsh] "ot Ak oAt He sl=olA 20cmAldo] HE molA

of Al7to] © 4 Qe Batstn Aolxprt WEl Fu|AAZE €S o

Bslot EZ)e] A7, HE sl=eb xgu SAlz|ete] Alzto] gkl o

sich xgu $417]9 £41719] Ale 15me 9A|5Hc)
Fal

—I_l
=
.
A
ol
j
:I:
olr
i)

F8]7} 7S 3Fsto] 1099] o
e #3sit. 72t HYg4sy A o g 2mold Z24l F 4A] A
AS Fote s st MY IWY A A =S =3

o8 dAtsi=2(Putting field performance)dA= Pelz(2000)7F 119t
Il testE o] &3sto] & UATH(Figure 9). & 50719 Ao
8S sl & EtpZ &9lsh= ZFAto|t}. 50-Ball test W2 5hte]
= o2 Im, 2m, 3m, 4m, Sm AN HEFZS HAISHA Ho,
¢ mEatgdor 1071 2491, & 5070 A AAleitt. g0l E330

7R HMEL st o] o & WSS 71Sske PAolct

o
U1
?
lwe]
[@)]
O o
oo

iy

=)
jn
2
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S

AR Z0JE(Stimpmeter)E ©]-§5to] HY

SRanEY JjEe o

iy

Collection C/H/@

Figure 10. Stimpmeter
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S|

EK

J =] ot IMA

o

259lct. el
S

o
A}

a

2 AR A A7

3. AAR}
TARALE Aoz 2 A
oA Aled IMERAS 2L F
of. 18] Fol= oF 5029 AlZto] &
o, 2oAE, HYadss 582
TE T FUAA &9 1287 B8 ©
B2 ol @oixl A, &3t AR
Att. Figure 112 & A9 HXE =

2014.06 ~
2015.05

EEA

|‘

J—

Figure 11. Research process model

AN=ZHA

- 45 -

Collection CA"/@



=it
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iof

o

oF
oju
A
H
A

5]

7t
=

beict.

ghEsla= 236,000 0]
5

4 15008014 22008102 A%

[e)

sl

P AA%

-

S

A A7

ol

& (putting-hands)’

al

A% o2 A= Zloltt. of

=2

=

‘g -o}7l(putting-shoulder) = &&0l HHE =
A

|

Ao
-

olct. 15¥iA &

o

U<
R
10
oju
ne
=3

2A

8- E{(Putting-putter) =

o L= XFo] ¢
= o 71 v

]

A

Efol® 9] 7]1&(Super-Right-On,

=

O

a

Ims @9 =2
+15mso|] 2|t 2|7} wh

HA(54bpm)Q] HIE=

)

|

-

7@6

QxS

Q]
SRO)

wJ

O
i

=
1

2,

o

o] =(Difficulty)=

49 mUEo| &)
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=2 7

wrgol

JE= AlF
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=

Al

|

|

At

R

Q

o

|

101ms~554ms

=0

o
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5. AEA

2 AAEA YH2 ATCHE)T AZIGeE)E SEHUCR gt ojdE
dA(two factor mixed design)o|t FEHWQIL EfO|Y A}, wHup, Z0
Az, 1Y 7le4°8s8, Y dde3sdolo. AM-5t-A1e 33 &
g 2t 691719 IMEdlo]l AR (Intervention)o. 2 F 128]7] AAI%| Gl
o s Fois 8% s de AN Adaldol IMEdo] A
o

Pre-test Intervention Mid-test Intervention Post-test

BTT
O mp x =) O, mp X, =) O

Group

Control
Group o4 ‘ X3 ‘ Os ‘ X4 # 06

Note.

Xi~, : Golf ordinary practice + Interactive metronomr training(6times, 60min).

X3~4 : Golf ordinary practice.

0,-¢: Brain timing test(LFA), EEG test with putting, Putting skills test, Putting field test.

Figure 12. Research design
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6. AtaA 2]

—_
1o

‘g Eold,

FEALEA(MANOVAIS AAJSTY]

u]E EfolY)e] 5

o
ar
mju

O|UHHFEXM(2RGX3RM two-way ANOVA with repeated measures)<

A7 SR §5FL p<.05olA

o} 2

==
o'

—_—

Kk

SPSS ver.18.0 &g 1

A
|

A
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A

% Uehte wnto] wel,

__A__l

o=, Fd 6971 &

2 A

d AP AL

A %

| A15FA

crgat 2ol

AArolA UErd IMAT SAIRTY] 25

S
-

= AR, BE AF

Table 4

(Bilateral timing),

g it} Table
BAFOIA &

(Unadjusted timing)©0. & A}

s}

I Ars

O we ApEZAl] u]s

Al
=

=
e

40 e ute} o],
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Table 4. Motor timing Means and SD for IM and CON groups

Group IM(n=18) CON(n=16)
Var. M SD M SD
pre 10542 52,61 11166 68.79
Bilateral mid 7431 27.69 106.81 7076
timing
post 50.93 16.02 8931 4168
pre 7248 2433 64.19 27.85
Adjusted mid 4964 11.95 63.46 2444
timing
post 4073 9.23 6348 2116
pre 79.40 26.83 73.01 3182
Unadjusted )
) mid 54.15 1343 69.02 2498
timing
post 4250 9.97 67.36 2017

Note. IM=Interactive metronome training group, CON=Control group.

MANOVAZ AAJ3t Az, A]7]e] Zast2  Holn  9loni(Wilks
lamda=.474, p<.01), AEH A71o] JEAE 2v AA GOl e
ATHWilks lamda=.625, p<.01).

Table b= =/ Efo]W(Bilateral), 24 Elo]Y(Adjusted), B]RA A
Efol® (Unadjusted)oll thet A™H(2) x A]7I(3) RM ANOVA Zato|tt
Table 50 UERd 8ot go] A IF Raits Z& QRloA [{9J/do]

(o3
BA
lon, BE alloA AP7lo digt Fatte Fo/de Holil AU A
S A719] FEAE adte H2gd Eold, FEd Hold, 24448 &

ool T FodS Eoli Sl

Collection



Table 5. Results of ANOVAs for motor timing

Source SS df MS F p
Group 16797.82 1 16797.82 2.64 113
Between-
subject
Error 202956.79 32 634240
Bilateral
|.a.era Time 25036.23 2 1251812 23.80 .000
timing
Within- g0 « Group 496329 2 248165 472 012
subject P : : : :
Error(Time) 33662.84 64 525.98
Group 225745 1 225745 213 155
Between-
subject
Error 33993.29 32 1062.29
Adjust
qju_s ed Time 4769.17 2 2384.59 21.03 .000
timing
Within- . .
sulbjérgt Time * Group 432592 2 216296 19.07 .000
Error(Time) 7258.07 64 11341
Group 3138.04 1 3138.04 2.59 118
Between-
subject
Error 38806.02 32 121269
just
Una.1dj.us ed Time 8028.58 2 4014.29 29.08 .000
timing
Within- g0 « Group 431365 2 215682 1562 000
subject P : : : :
Error(Time) 8834.87 64 138.04
Note. p<.05
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140
120
100
80
60
40
20

pre mid post

IM group . Control group

Figure 13. Results of group x time for bilateral timing

Figure 14= #2747 Eo]W(adjusted)e] ®zIe} AT X Al7] AsAr&
g HoRa Qo IMATE2 SAAT vlsl Rofgh QAF ATt U

Hol= UERGA] oFofct ZF Al7]E Erold] QX HA
A4E YotEd, IMATE AMIZAAL 72.48ms, SHAE 49.64ms, ARSY

Ab 40.73ms2] %%Lagé% Ho|1 Qitt. EAATIO] A|7|¥ HAALE A}

80
70
60
50
40
30

pre mid post

IM group . Control group

Figure 14. Results of group x time for adjusted timing

- 53 -
(o]

Collection €A4




Figure 15% v]x74 Efo]d(unadjusted) Wa}et ATt X A|7] Ats A
€ RIS HojR1 Qo H|RA/d Eo|R o] @A} HutAla WHetE AmyE
 IMASZ AP AK79.40ms) Bt F7HAAHS4. 14ms)ofl A At @A}
A7F UYERF L AFSZAAH42.50ms)oflA] FA] X]&A0] Efo|d QXpo] 7
A7F UERGT. 9 SAIAE2 AP AAK73.01), H7HEAH69.02), AR
AH67.36)0A] = wislr} obarg]x] ororr}. IMAITho] ER|ATHEC ©o0]s}
A 7tA= Efo]y] QRPR AT LERY AL & 2 gict,

o g

80
70
60
50
40
30

--——;‘—-——-—‘----------——-

pre mid post

IM group . Control group

Figure 15. Results of group x time for unadjusted timing.
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2. o} O AER S A}

1) A}
Table 6& Foirlo] 5% MM=A(Fpl), 5 HAFA(Fp2)] Al
o] Walg 7|&EA BAE

Aeh Zatolty. zh5 AR FA(Fpl)o] AlEfmte] A

A, IMATEY] APHAL 28.80%011, FHAA =
27.69%= daHAT. AFFGAA = 25.40%= oA AAto] vls] & &
470 WEEn. SARE2 APIAAL 28.20%, SEEAE 28.31%, ARSHA

£
1°
£l
to M
Ay
o
rOl‘

N
OO
U‘!
w
x
i
riu
r&
_L(')_v‘
_\'.I_‘
W
m
v
Pa)
)
)
gl
Ho
A
2]
2]
4n
X (14%)
Gl
o)
)
i>:4
m
=)
>,
L
=)

(28.04%). FZIAN28.18%), AFSAAH2B.LI%)NH 2 Wats g 4
Q9.

Table 6. Theta wave Means and SD for IM and CON groups

Group IM Group(n=18) Control group(n=16)
Var. M SD M SD
pre 28.80 213 28.20 1.38
Fpl
P mid 27.69 2.66 2831 151
Theta
post 2540 2.76 28.53 2.19
pre 28.72 2.03 28.04 1.64
Fp2
P mid 28.05 281 28.18 1.46
Theta
post 25.73 2.84 28.11 244

5 ARAEA(Fpl)f &5 AXAFA(Fp2)e] AE} Jojoe 3f 54 2
otof] gt AT(2) x A]17](3) RM ANOVAZS AlX|st Aul(Table 7), &%

Collection



ARFA(Fpl)Y} &5 AAFA(Fp2) &
]

Ueta] ehtthp>.05). Lajut Al7jo] mhe Zaate] goldo] uepget

(p<.01). AT x AI7]9] AEAE g3 A 55 AR EFA(Fpl) &5 %
MEA(Fp2) 2% {42 Holi oi(p<.01).
Table 7. Results of ANOVAs for Theta wave
Source SS df MS F p
Group 28.13 1 2813  3.349 077
Between-
subject Error 26878 32 840
Fpl
P Time 4136 2 2068 6856  .002
Theta Withi
Su'éje'gi Time * Group ~ 61.10 2 3055 10128  .000
Error(Time) 193.04 64 3.02
Between- Group 9.51 1 951 967 333
subject Error 31441 32 983
Fp2
P Time 40.84 2 2042 6946  .001
Theta Withi
Su'éje'gi Time * Group  42.56 2 2128 7238 .001
Error(Time) 188.13 64 2.94
Note. p<.05
Figure 162 & AR FA(Fpl) &5 AAFA(Fp2) MEiute] 472
ol e ATy A7]9] AsAE gubEs Eo3i o IMAIHC]
5 AR FA(Fpl) Meo= SAAE dls olst A7 YERGon
25 AREFA(Fp2) dA] IMATO] AT vls] g-olst TAS U
oh. IMAS2 SHEAER] & ®¥etes YEHUGX] gton)y, = &FHto]
OJMHA HATH A7 UEGTH ¥FH AT 742 et YERYA]
otttk
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30
29
_______ ._____—————————.
28 = == — -
27
26
25
pre mid post
IM group Fp1 IM group Fp2
- Control group Fp1 Control group Fp2
Figure 16. Results of group x time for Theta wave(Fpl, Fp2)
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7.05%, AFEHAL 7.47% % Al7]o] T2t Frbste FAIE Bt SAAT
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= FAS Hol1 . & AAFA(Fp2) SMRutS AT ZAnt, IMA
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Table 8. SMR wave Means and SD for IM and CON groups

Group IM Group(n=18) Control group(n=16)
Var. M SD M SD
pre 6.77 1.20 6.50 1.10
Fpl id 7.05 139 6.72 109
mi . . . .
SMR
post 747 173 6.24 0.82
pre 6.63 1.37 6.41 131
Fp2
P mid 691 1.52 6.69 132
SMR
post 777 1.59 6.35 111

55 AHEA(FpDI 95 AASA(Fp2)o] SMRE SA3] et 3¢
(2) x X171(3) RM ANOVAZ AlAl3t AiK(Table 9), 5% HHEA(Fpl)}
& MHEARFPY) LE Ado] whE ol Fambl uerx @ort

A
>~l

= A(Fp2)ol A o]0l Lehta] ook
ﬁ%%‘(Fpl)QJ At A7l AsAe Fah o] ool ehtal o
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Table 9. Results of ANOVAs for SMR wave

Source SS df MS F p
Between- Group 9.49 1 9.49 3.142 .086
subject Error 9662 32 302
Fpl
P Time 124 2 062 687 506
SMR Within-
subject Time * Group 4.84 2 242 2.675 076
Error(Time) 57.93 64 0.91
Between- Group 9.81 1 9.81 2.636 114
subject Error 11906 32 372
Fp2
P Time 498 2 249 2451 094
SMR Within-
subject Time * Group 8.15 2 4.07 4.007 .022
Error(Time) 65.07 64 1.02
Note. p<.05

Figure 172 & el 9% MMSA(Fp2)e] SMRu} sty 4
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Figure 17. Results of group x time for SMR wave(Fp2)
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Table 10. Mid-Beta wave Means and SD for IM and CON groups

Group IM Group(n=18) Control group(n=16)
Var. M SD M SD
pre 4.80 1.08 453 0.83
Fpl
P mid 523 1.52 470 0.97
Mid Beta
post 577 1.87 448 0.84
pre 449 112 449 112
Fp2
. P mid 5.03 143 481 132
Mid Beta
post 5.84 1.85 440 0.90

5% ARFAFPDTL ©5 ARTYFD2) 57 W Sz et
HH2) x A171(3) RM ANOVAZ AAlgt ZzHTable 11), &5 HHFY
(Fpl)z} 95 MATY(Fp2) 25 HEH A7]o] 4 golgt Fazpt i
EREA Q9ITHp>.05). T2 S x A7l Jastg avie 55 AEE

AR ERI(FD2)o] 7
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Table 11. Results of ANOVAs for Mid-Beta wave

Source SS df MS F p
Between- Group 12.39 1 1239 3984 .054
Fpl subject Error 9948 32 311
Mid-Beta Time 3.66 2 1.83 2.159 124
\Sf\lj'gg‘e'rc‘; Time * Group  4.73 2 237 2793 069
Error(Time) 54.25 64 0.85
Between- Group 9.77 1 9.77 2.623 115
subject Error 11921 32 373
Fp2
. P Time 478 2 2.39 2.665 .077
Mid-Beta  \\rihin- .
subject Time * Group 8.49 2 424 4732 012
Error(Time) 57.39 64 0.90
Note. p<.05
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Figure 18. Results of group x time for Mid-Beta wave(Fp2)
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Table 12. High-Beta wave Means and SD for IM and CON groups

Group IM Group(n=18) Control group(n=16)

Var. M SD M )

fol pre 2.26 0.59 221 0.72

P mid 278 142 243 0.74
High Beta

post 3.35 2.10 2.20 0.63

Fo2 pre 213 0.63 2.23 0.90

P mid 259 132 256 1.08
High Beta

post 3.10 1.73 2.08 0.65

5 ARTAFEPDT 95 AAFAFP2)Y B2 wletn S5z e
A ] _":_
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Table 13. Results of ANOVAs for High-Beta wave

Source SS df MS F p
Between- Group 6.72 1 672 2761 106

- subject Error 77.85 32 243
High-Beta  wyighin. Time 5.18 2 259 2803 068
subject Time * Group 5.54 2 277 3.000 .057

Error(Time) 59.09 64 0.92
Between- Group 2.55 1 2.55 1.097 303

o2 subject Error 74.24 32 232
High-Beta  wyighin. Time 3.64 2 182  2.39% .099
subject Time * Group 642 2 321 4224 019

Error(Time) 48.64 64 0.76

Note. p<.05

Figure 19= &=
o] ®EjE wolZm It IMUEHS APHZAL FFAAL AFEZAROlA
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Figure 19. Results of group x time for High-Beta wave(Fp2)
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5) FoA SR +(RSMT)

Froy 5 5499 WS olgsto] HAFN FYNFALRIMNE 7]

Aeh 2ut= Table 140 AAIE ot IMATS] Al7|E Fdat &

= =4
FHRHE APAZAL 40+.09, FIHAAL 44+.12, AFS AL 53+.152 LE}

OF. SAIRAE-2 AFAZAA .39+.08, FIHEAF .41+.09, AFSAAF .38+.08
B!

ERdTh IMEERE A7l mep R FASTL 5715k 2412 Wl
o 5

—]_’— 9&12 = =] N
SRR AR AN TP R W Tadt A sty
Table 14. RSMT Means and SD for IM and CON groups
Group IM Group(n=18) Control group(n=16)
Var. M ») M SD
pre 40 .09 .39 .08
RSMT mid 44 12 41 .09
post .53 15 .38 .08

D

0] 5| 2-(RSMT)o] sto] ths) RM ANOVAE A3t Zute Table

159} Zdoh. AT mg Fauet Ao g FaatoA 24
LFEFATHp<.05). = AlZ719F AEe] J2A8 23 94 foldS Holu

9l TH p<.001).

2t go)igol

Table 15. Results of ANOVA for ratio of SMR + Mid-Beta & Theta wave

Source SS df MS F p
Between- Group 0.10 1 0.10 4635 039
subject Error 0.69 32 0.02
RSMT Time 0.06 2 0.03 5.654 .005
Within- N
subject  Time * Group  0.10 2 005 8629  .000
Error(Time) 0.35 64 0.01
Note. p<.05
- 64 -
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Figure 20. Results of group x time for RSMT(Ratio of SMR+ Mid-Beta & Theta)
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Table 16. Putting skills performance Means and SD for IM and CON groups

Group IM Group(n=18) Control group(n=16)
Var. M SD M SD
. pre 72.96 5.83 75.05 5.99
Putting )
mid 73.97 6.05 75.16 6.17
tendency
post 75.74 481 76.28 461
. pre 68.47 6.15 70.23 9.15
Putting )
o mid 7331 6.77 70.65 844
timing
post 76.08 7.92 7143 8.80
. pre 70.85 5.00 72.01 8.17
Putting )
. mid 70.95 573 72.06 6.02
consistency
post 75.03 432 73.29 7.06
Overall of pre 70.78 2.80 72.34 5.62
putting mid 72.30 3.19 7249 441
skills score post 7548 3.53 73.58 463

Table 172 MY 7]=43853 srfaclol digt AT(2)

ANOVA Zuto|ct. W& m{&/dgFolA AT X A

A &QTHp>.05). EFF AT x 7]7to] ©E AL

I ITHF=.423, p=.657). HEJErO|YoA = AlTo] Tt FF = YEFA]

roYot Aj7lof gt Favhe FOdS Holal QoH(F=11.113, p<.001).
%

s =
TRl HYEolYe AW x AV]Y] wE AEAe a&upb uepdo

c

o

S‘O
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UERSFTHF=9.512, p<.001). m®l 7|44 (Putting skills overall)9] 73
17t T2 Zaaprt UERGon(F=16.951, p<.001), A x A]7]
of e ArsArE &7} LFERITHF=5.470, p=.006).

Table 17. Results of ANOVAs for putting skills performance

Source SS df MS F p
Between- Group 41.34 1 41.34 0.590 A48
subject Error 224363 32 7011
Putti
WHing Time 7273 2 3637 2985 085
tendency Within- .
subject Time * Group  10.30 2 515 0.423 657
Error(Time) 779.66 64 12.18
Between- Group 86.78 1 86.78 0.554 462
subject Error 501675 32 15677
Putti
Hing Time 33247 2 16624 11113 000
tMiNg - within- .
subject Time * Group 18271 2 91.35 6.107 .004
Error(Time) 957.33 64 14.96
Between- Group 0.81 1 081 0.008 927
subject Error 304131 32 9504
Putti
WHing Time 16397 2 8199 9512 000
consistency Within- .
subject Time * Group  46.48 2 23.24 2.696 075
Error(Time) 551.64 64 8.62
Between- Group 0.07 1 0.07 0.002 968
subject Error 130608 32 40.82
Putti
rusang Time 15915 2 7958 16951  .000
skills overall Within- .
subject Time * Group  51.36 2 25.68 5.470 .006
Error(Time) 300.44 64 4.69
Note. p<.05

AHAIE] A B, HEBAATA IMATR AR(72.964), S1H73.973),

O
(75 748)0 M HRE BTk Bgol UERdTh SARTE ARH(75.05
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HeAg @yt Uehd mEgto]yo] #ishe Figure 210] AA|E 0|9l
o AFF(68.4778), %3H73.3174), AFE(76.08%™)0A = ZEog
7bote 4ol YENTh SAATE AMR(70.2374), 53H70.65%), A%
(71.437)0ll 4 <t Z7TstATt.
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Figure 21. Results of group x time for putting timing

mHEdu/dolA IMAT AM(70.85%)ut £2H70.95%)d M= 2
7F UERA] 49O}, ARS(75.034)0lA & Zo2 FItsh= o]
Hoh SAETEE AP(72.014), 57H72.06%), AR(73.29%) 22 ozt
7tstd .
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Figure 22. Results of group x time for overall putting skills score

Table 18. Putting field performance Means and SD for IM and CON groups

Group IM Group(n=18) Control group(n=16)
Var. M SD M SD
Field pre 83.78 2.88 82.63 3.58
performance mid 81.50 3.29 82.19 3.51
score post 79.17 2.26 81.25 3.17
oy dgedsd AArEo] gigk AT(2) x A]71(3) RM ANOVAE Al
Algt A3}S Table 199] AAISHITE &H 7|0 T Fauke] [{o)/do]
Q
o

I
W

WTHF=14.633, p<.01). =5t ATyt A]7]9] ArsAf
S Ho|a QTN F=4.291, p=.018).

O)‘
o
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Table 19. Results of ANOVAs for putting filed performance

Source SS df MS F p
Between GrOUp 7.39 1 7.39 .390 537
. subject Error 606.46 32 18.95
Field
performance Time 152.20 2 76.10 14.633 .000
score Within- Time *
subject Group 44,63 2 2232 4291 018
Error(Time) 332.84 64 5.20
Note. p<.05

o AN YoAg
27 HolFm Irh IMETHe APH(83.78e}). F7HBL.508H), ALF(79.17
ENOA A4 Aol UERT, SART] 49 AH(82.63), 3
2HB2.198)). ALF(BL25EHZ MlwA M2 PiS

LR
90
85
| T ——y S T e e e o o
——
80
75
pre mid post
IM group . Control group

Figure 23. Results of group x time for putting field performance
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Qst =3 o|tf(Beilock, Carr, MacMahon, & Starkes, 2002: Gray,
2009; Jackson, Ashford, & Norsworthy, 2006; Land & Tenenbaum,
2012; Wulf, 2007).
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HE ) MEH Z2B

sz-s;s;c;)n Task(reps) sz-s;s;c;)n Task(reps)
1.Both Hands-sound off(400) 4.Both Toes(400)
1.Both Hands(400) 1.Both Hands(900)

4 Both Toes(200) 12.Balance Right Foot/Tap Left Toe(100)
1 session 5.Right Toe(150) 7 session 13.Balance Left Foot/Tap Right Toe(100)

(1600)  6.Left Toe(150) (2200)  7.Both Heels(200)
14.Putting-Hands(100) 14 Putting-Hands(300)
15.Putting-Shoulder(100) 15.Putting-Shoulder(100)
16.Putting-Putter(100) 16.Putting-Putter(100)
1Both. maa”ndds((;‘&%) 12.Balance Right Foot/Tap Left Toe(100)
3.Le?t Hand(200) 13.Balance Left Foot/Tap Right Toe(100)
2 Both Toes(200) 1.Both Hands(1100)

2 session 5 Right Toe(150) 8 session 10.Right Hand/Left Toe(200)

(1600) 6L g (2200) 11.Left Hand/Right Toe(200)

Left Toe(150) 14 Putting-Hands(100)
14.Putting-Hands(100) outing
15.Putting-Shoulder(100) 15.Putting-Shoulder(300)
16.Putting-Putter(100) 16.Putting-Putter(100)
1.Both Hands(200)
4.Both Toes(300) 5 Right Toe(100)
2.Right Hand(300)
3Left Hand(300) 6.Left Toe(100)

3 session S Right Toe(300) 9 session 1.Both Hands(1500)

(2000) 6L cgt Toe(300) (2200) 14.Putting-Hands(200)

Ao e 15.Putting-Shoulder(200)

14 Putting-Hands(100) 16.Putting-Putter(100)

15.Putting-Shoulder(100) -rutting-rutter

16.Putting-Putter(100)

1.Both Hands(400)

4 Both Toes(300) 8.Right Heel(100)

6.Left Toe(100) 9.Left Heel(100)

2.Right Hand(100) 7.Both Heels(300)

10.Right Hand/Left Toe(200) 10.Right Hand/Left Toe(200)
4 session 5.Right Toe(100) 10 session 11.Left Hand/Right Toe(200)

(2000)  3.Left Hand(100) (2100) 1.Both Hands(300)
11.Left Hand/Right Toe(200) 4.Both Toes(300)
7.Both Heels(200) 14 Putting-Hands(200)

14 Putting-Hands(100) 15.Putting-Shoulder(200)

15.Putting-Shoulder(100) 16.Putting-Putter(200)

16.Putting-Putter(100)

4 Both Toes(500)

1.Both Hands(800) 12.Balance Right Foot/Tap Left Toe(100)

8.Right Heel(100) 13.Balance Left Foot/Tap Right Toe(100)
5 session 9.Left Heel(100) 11 session 1.Both Hands(1000)

(2000)  7.Both Heels(200) (2100) 14.Putting-Hands(400)
14.Putting-Hands(100) 15.Putting-Shoulder(400)
15.Putting-Shoulder(100) 16.Putting-Putter(100)
16.Putting-Putter(100)
2.Right Hand(100)
10.Right Hand/Left Toe(100)
3.Left Hand(100) 1.Both Hands(200)

- 11.Left Hand/Right Toe(100) - 4.Both Toes(200)
6(39155(')‘)’” 7Both Heels(100) 12(f§33')°” 14.Putting-Hands(500)

1.Both Hands(1000)

14 Putting-Hands(200)
15.Putting-Shoulder(200)
16.Putting-Putter(200)

15.Putting-Shoulder(500)
16.Putting-Putter(100)
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B2 4. IM Long Form Assessment Sample

Date_ ! |

Task MSs Early % Late % Tendency

. Both Hands

. Right Hand

Left Hand

Bath Toes

. Right Toe

Left Toe

. Both Heels

[==3 ] = LY I S L Y

. Right Heel

9. Left Heel

10. Right Hand/Left Toe

11. Left Hand/Right Toe

12. Balance Right Foot

13. Balance Left Foot

14. Repeat #1- with Guide Sounds

Pre Long Form Assessment Results:
Hands ms average Fest ms average:

Ciwerall ms average: Tendency: Earfy % Late T

Lowest ms average Bursts: AR high:

Optional Attend -Over-Time Test

AQT ms average:

IAR high: Bursts: SRO%

Age B TtoB 9 to 10 11 to 12 13 to 15 16+

Extremne Deficiency 280+ 270+ 260+ 240+ 215+ 200+

Severe Deficiency 175-273 | 170-269 | 160-259 | 155-239 | 150-214 | 147-199

Below Average 120 - 174 o0 - 169 80 - 159 75-154 T72-149 70- 146

Average 90- 118 63 - 89 35-79 45-74 43 -T1 41 - 69

Above Average 56 - 89 43 - 64 38 - 34 36 - 44 33-42 30 - 40

Exceptional 40 - 35 32 -44 28 -37 26 -35 23-32 22-29

Superior Below 40 | Below 32 Below 28 | Below 26 | Below 23 Below 22

Observations :
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Y= 6. 50-Ball test ZALA|

50-ball test

Name : Hcep: Date:
1 2 3 4 6 7 8 9 10 Score | Par
Im 11
2m 13
3m 15
4m 16
5m 17
Sum 72

Note. Stroke play - all putts should be holed

Always change to a different hole on the practice green between each putt.

Distances are from “centre hole” to “centre ball”

Use variation in slope and break

Average Score (men/boys)
World class 73.0
European Tour 74.3
Challenge Tour 75.0
+2 hcp 75.9
Scratch 76.8
hcp 5 79.1
hcp 10 81.3

Average Score (women/girls)
World Class 74.9
LET 76.7
+2 hcp 77.8
Scratch 78.8
hcp 5 81.4
hcp 10 84.0
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