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Abstract

Kinetic Feedback Frequency Effects on Learning Weight
Shifting Skills in Nondisabled Subjects
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Physical therapists have been using balance and weight shifting training to induce
improvements in standing and walking. This study compared the effects of kinetic
feedback frequency and concurrent kinetic feedback on the performance and learning of
a weight shifting skill in young, nondisabled adults. Sixteen young adults without
known impairment of the neuromusculoskeletal system volunteered for the study.
Subjects in each of three kinetic feedback groups performed a weight shifting task in
an attempt to minimize error between their effort and a center of pressure (COP)
template for a 12 second period. Feedback was provided: 1) concurrently (concurrent
feedback), 2) after each trial (100% feedback), 3) after every other trial (50% feedback).
Immediate and delayed (24 hour) retention tests were performed without feedback.
During acquisition phase, the concurrent feedback group exhibited less error than either
of the post response feedback group. For the immediate retention test, the 50% feedback
group exhibited less error than did the 100% feedback and concurrent feedback. During
the delayed retention, 50% feedback group displayed less error than did the other
groups. But no significant differences were found between groups. These results
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suggest that practice with concurrent feedback

is beneficial for the immediate

performance, but not for the learning of this weight shifting skill. Lower frequency of
feedback resulted in more permanent changes in the subject’s ability to complete the

task.

Key Words: Feedback; Knowledge of performance; Learning; Motor skill; Balance.

I. A&

==}

o] % (partial weight
bearing and shifting)& &2 X &A7} A}
oAl Al sFAl7IE 71E(skil)S dubolth. o]
23t 7785 7] (sensorimotor skil)2
el Al wol ARgstar JAIRE, Q1A A A
23E& gtFo] a9Ad WS Wl A=
¢ F-Z3lcH(Winstein 5, 1996). ?:‘/}}Oﬂ/ﬂ
Asols dAE AFAIZA o o 735
ol = Al =9 < (concurrent feedback) < g
£ AR&Std, olel gk HEQle FHERIE A
Aoz ekt (Wannstedt®t Herman, 1978;
Winstein %, 1996). Wannstedt2} Herman
(1978)° Z]é?x—;?l F7F Huqlo] Huin] 3

As skt

o

r1r olX %o

2

H(Vander Linden 5, 1993; Winstein 5, 1996).
HT AFdA = TA HHEAS o] &g AF
of nkste] WS Fo AlFTH = =
] (postresponse augmented feedback)S A}
43 AFAA FEEHQ AFHI Tes
ALsteEd £ g5 adE HYtH(Vander

S

ERAES

1) 232 w-$ Avlo] #ak AR Z A (Weeks
¢} Kordus, 1998; Winstein, 1987), *53}&

% A (verbalizable), W8 3ol Al 3% =

Linden &, 1993; Winstein ‘&, 1993; Winstein
5. 1996).

g7 EnEA LT E FESE
¥ ¥ (feedback) S +5EH4S A 2
59 Ao AMEEHE T3 AmETott
(Bobath, 1970; Carr®} Shepherd, 1987, Winstein,
1987). H9 e F5F(verbal cue)tt, X ZEAFE]
$o 93 HZ(tactile cue), A1ZH(visual cue)

]_

of
s

e
)

rlot

o7 AgHr. old HYlS A {24
sES 717171 98 FoiAH, iR
EYARA 27t F49e FhFE T
A ZAbe] o)F A &HH o AFHTHVander
Linden &, 1993). 3A| 5k AARIS U=
gk FHo] AFelA e HHYd W=7 YR
Z+S AedE £571E sl 238 Al
gt Ao 2 HIE A H(Winstein, 1991).

T 58ty 992 EAFe we 9
e #Ho] e Ao RE QA ET] A Ao,
TEARE AANT o EEEFY EE T
AHow AgeA HAHANT T, 1997

Schmidt, 1991; Winstein, 1991). Z18j4 &g
2 gof A3 Wy EdLro] #E o]
A Ao e Fid] gdFARA X HF
50 Ak AA, HHY wEe] FI=
A4 4 (knowledge of results; KR)Y o
= B AFEo HayH g
AR A Wt

(paradigm)
o Iy YA mAAE

Hk3-Avlo] gk B 7}F¥ (qugmented) == Y
olgbar Ao ¥ 4 v (Schmidt, 1991;
Vander Linden &, 1993; Winstein 1987).

4=3) %] ] (knowledge of performance; KP)?

_56_



dHEEARstaA A7d Als
KAUTPT Vol. 7 No. 1 2000.

Feo HHAES Hol AFFANE EF3x
(Schmidt®} Young, 1991; Winstein 1987),
$%38+4 &9 9] (kinetic/kinematic feedback)
I YA A S dupibE, of@ A AT Al
Zhell #et AT = A H(Salmoni 5, 1984;
Schmidt, 1991; Vander Linden &, 1993;
Weeks®} Kordus, 1998). 22259 4§ of
et A E FAFEE FAE A=Y AT
o= AF{A 2 FEje] HH o]l AEETE
sty AA QA= A EAS] =& glol&
HAE A A FheA XK= FAES
A58k A7 gk webA S E5A 4
= Y8tz e 259 5984 (kinetic),
%% (kinematic) .49 i@% 9EE 7
$7} @th(Vander Linden %, 1993; Winstein,
1987). &, E¥ABA s AIAAARGE F
g2 Fee] HYUdS o AF AREgrh
=4, g &5dts ATENAE ¢
A FHHde gyes HrE u Az} B
ol A A HHAE AT e
v SldelA s #aE &
S AL 9]5]1 A HHAS AFsE AT
P on, 5AE 55, AES
ot Eg(performance o tist sA HHY
o &t Al e A AL (retention
test) @ Aol Ab(transfer test)ol A& & 3ol
#et AFEL FAAET ol HAAAS o

N

dow g Az v EFE Aotk (Vander
Linden %, 1993; Winstein %, 1996).
2719 EFsF U AFELS FIPH

5<% (learning) & FEsk=tl Ausdth &%
3L S #3 S71E EH Y (augmented

= RESES WY # v TYo8 & &
i, 2% %<5 (motor learnlng)g kS5l =
T dolA, AuHoR JTA WeR
ojiiE AFolyt A #HE d¥e 34

o] tH(Schmidt, 1991; Vander Linden %, 1993).
gF-F8 T2 FqEF5S AFVIN F¢EY
= X Aol Aol A HItsoF gtk T
oz A ArHSalmoni 5, 1984; Schmidt,
1988; Schmidt, 1991; Vander Linden &, 1993).

Schmidt(1991)& 8ts5oll gk 719 A]Z}o]
ol tg@ 71Fe welad edtha A
5o, A%V Fere BAHQ Fael ol
¥ol, dgoyee £4 ol 548 5
= 8 7bA S5e) /1Fe] vk Ak
St A%V ool FAAEY, A%
& F psl BLE wels oW WA

AdoldAate A ¢
B AHSparrow$} Summers,
1992; Winstein® Schmidt, 1990). wg}A] o]

7 rEs A 5HE &S T+
2 oyt A5 Fo3} ExE ggaE A
< AlE FAS e vEoH, RAE gF
W] Fa3 v]Folrth gk Ao dF
H VEES Y HAdHd Hxd fAbe
e PdsEE Hol 52 Unksiroforglty,
o] st AWk3lsl= 5 ¥ (generalizability) <
Al EFe Fa% JIFEelt A =g 7
AZ 71 234 A HAolg fFiste 212
7bg 2 awsl @ zdolg & 4 Qv g
w9 & & JFoer WAY 37 (altered
context), =9 (very

(Schmidt, 1991).

o 3t AR o|tHSalmoni 5, 1984; Schmidt,
1988, Schmidt, 1991, Vander Linden &, 1993;
Weeks®} Kordus, 1998).

T2 o] A " E(relative frequency
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with KP feedback)ell #3F A= ZA3px]2
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=
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7 feeilbackbalancing - A =215

mEE BEE 200 ESEH)

D=d &S T8 z00 @ 2

COP Template

LFH= ¢ NOOI

o
o
0
2
fon

%
ng

=)

= mo

2000-2-3  4:0

S ¢ B3 5ka

Error Sum @ 333.5

=
2% 0096, ross

=t

BNE]| Y 2 @ =15 e §) 0] | [BAfeedbackbalancin... | £)noname0l.hivn
a4 L
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F5EA B AA A A 9
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% Body Weight
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L V7

tETA ool Al
&

d&oll= Arhdate] 7124 R E0]

AZolF o A7HA

HA 71 G2pA e A A AP ol gk W H
3 7t #AE A AetaL, 24 AT 2l &
8% ToF ¥ 7 4(target template)S I
2} ApAlo] gk AlFols A A (tracking)
5 st AA AT FaA 2
T AEZA Y] AATAL 5ER

HHel 2 Al &=(trial) &<

300 3 H oo 2 fo

ARE ATs

aA7ln AL ARE AR AGA7]

= Ao ®E AREEH AT 3WHACt 4R 5
Ato] 5 FRF FAAIRE Al HAIAR] d =2
£ FHasgkslr] 95t 184S E7] A 2E
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FEDA F 10239 F4L HAstz w7
3} 2] 7 AHimmediate retention test)E 2 A13FA

d
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4. A7 EY 3 S A A-dA Yol A F3
g2 gss upxut gole] g  (error sum)E FEHEMER ARESHATHI).
M =8 3xg(HHe] PxAEEE) ANOVA Zkzkel FpA AR A= mhA e aclel o
E AU AFols A" 9y Ay A WH SEF AU DAmDE)

= AAQa7] o8 o (error ANOVAE F5TAIH FdatA Al ystgict
sum)e E2wiw Alesdr. oxde 7 AAAA 7 owAE w@rke] avket 4]
12270 Aol A gl gAel AAy n el Z¥E FEehy] Sl EEfste] w4 st
g AN AA7Y] AF o]EA UER}E X ‘Rit‘r. 2= F A24s 9

olZ 108 Awe] Wit 1 BEe oxpgre = Fhal p=.059 ALE e zel7t 9
2 s oxle] g pal= mae ofglel  Hhal SRtk Greenhouse-Geisserol ]
2t} olg] Aol mUE el @ pixelo] & & ¥R ArE(degree of freedom; DF)
Ik FAlkpixed weight)e tidate] g F U A A% F dHoR dnG ¢
Abody weight: BW)E wUE stue = AHEAS AASah whsacle] WA a3}
(Window. Width) &2 3= #elth(1). Errorli] o #el& weel fAsring 7bds o
= Azol® YA 98 Alole] Auw= 4 Mol FHE FAS] st dA HA 9
Q57 98 wa AaA Agol Axzrew rATTel wrb HES Z2AMTE Ho]
Aold #He #¥ AR Wi, LA o LHe AEskalvh 2 A9ellA= Bonferroni
M 4EE Fa golth). o Errorli] gtel  ¥WE A8

~
>
o,
lo
Noﬁ
ot
l'rl

O
m ol

)
rlo

Pixelweight = [ —
Window Width()
(2)
Errorli] = (x,[i]— x[i]) x Pixelweight
xlils 99 #F3, Aile A o4 9 2%
(3)
ErrorSum = HZEError[i]

i=0

m. a3

&2 SAACE fFolatA FUTHE 1).
1. 594 Bonferroni W o2 ]
SEWHAE v @9 (last factor)ell o ™ A RASE F oRAl &5t 9%

3 wrE =A-e 3x6(H e FxAIEEY)  sum)® AolE AN H(p=.00185x5), o]

ANOVAE 22Xttt 18 2004 Ale B & zol= ¥HH] o wepx = Aozt gl

Fwelite] o xge]l wal  Arh(p=.05058x5). HEd UmA] E=7ke] o
= w2 HelAE Fogk o]zt ATk ¥ 29 1
Asols w9 Aole AN

= S = g ] (p=.0508), #ZolA FAZ == S (concurrent feedback)
Greenhouse-Geisser o2 2AH4EE 54 o] WgFo] 534 HH9ls AT o
3 Aol M AE B3l o8 Aoz KT 3o o] AEs &4 ATk E=F
AAA R HHY 3 A=EYzte] wiz BEo] APAFE o AFe] Hols HAT
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£ 1. 5949 w5354 FAEA R
HE 9l A% Type II AlHT 3 A F F Pr) F G-G
Hydat 2 120738.83 60369.41 3.78 .0508
=} 13 207674.47 15974.95
Al &Y 5 20317.48 20317.48 11.75 .0001 .0003
HHATxEY 10 1063.37 1063.38 62 71954 6466
=} 65 1728.54 1728.54
2. @7 A €58 Hudg AL T Ao)t
BE OQARES HYde] ATEA ¥ SAHLER Fofstdtip <05).
270 EE5E Y9 tdAES 59
A A Bt & o & A% BT B2 3. &7 719 A}
o= SAFR o ApolE HolA| & BE gidAEL W] 71ddA e Y
UTHpy 05). FAll HHIL ATTe o+ WHoR 24 A Fo| A7 NgAHAAE
ol 7 & o9 & WEueH, 100%, Alstsith F7] 719HA 7 EE5el= A
50% &34 EHHA F £oZ 9 ol 7 e (p 05), ol#HF Ao} HH
oS BAth olglg SAjte] Aol= HH o] wEgA s BAPOZ fFostA &9k
o 3t EAH o2 FodAup <05). (py .05). Y 2 ZoA BE 50% &
HHd o] Herzk divlel] dig A$HEA 84 FHElate] s AL 9xe] 4E
A A HHASs AT 3 5% S & 5 AvHE 2).
400 —a— Concurrent
—=—100% KP
T 3004 —+—50% KP
= -
»n 200 /
£ \-\1 o—-
W 1004
O T T T T T T T T T 1
0 1 2 3 4 5 6 7 8 9 10
Aquisition Retention
a9 2. 597 (aquisition) ¥ IA] &7 (retention; 7, 8=immediate,

9, 10=delayed retention phase)ol A &

Error Sum #t(kg).
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V. &

TERAE sgsied oA AHGH
el Fu o] T3 AFELS Wol NPy
AAT 3Ry e FEE el
Aoid Hize] oigk AFRIE ol At
(Vander Linden %, 1993). ¥ A3 &+£=7
A Aol gl AT AQdA A FolE
HAE stFsteEd JdoA FaAA A e

L AA REe] gHE dolR 1A ST

A A 9] A Hl E(relative frequency
with KP feedback)el 3k A3 Fo] A
Weeks9t Kordus(1998)= =72 ©x¥7]
(throw-in) 7]s=< 3tEsbedl 100%9F 33%
o] YA AE st} ojwf 33%<] 3
H

%)
A S AE

1o Fo] F5A, IXHA L
Aol AALNA =2 FIAHAE sy eE S
St Vander Linden 5(1993)2 A A

olo] BWEFT|AH A
T3 29l 100%, 50% A #=9F 100%
A HHlS vustth 159 ATolA
FEDAANAE A FAAAE ATLES
TR FET AT RAT FAHA A =
XﬂJ‘EL I5F0°] st & Y (learning
okt x| QoAM= F5UA
0117\1% Ao mE Fasego zo]g Hol
A FA A= 100% EU]—‘:‘
dog AL HEB0%)AA A FHol
Lol AdgdATE Oﬂ’ﬂ
5]“4?:]9] ATA7] A s
(motor skilDol| wgt &5, 3% =
ﬂo]r/}ﬁ] oA FaFEe} T V““ ol A}
A tH(Vander Linden &, 1993; Weeks
Kordus 1998).
mebA AgPdTE9 2
A 2] EAo] D}_E_Oi 0]6]— Ao Z A}
| o} (Hartveld9} Hegalty, 1996). & 37-¢]
%]ﬂﬁb TR A Aol AFEH= A7
Fo mE A e SATteR
ZPO]E HolA & 2% (p=.0508),

2E sl

mlo
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>'_4

o, w& my rlr
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rsL'
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gto] 7hd Adei(d 2). ayy ©r] 19X
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ol ¥ =& sFsES K Oﬂﬁr TS FA
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