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Changing coordinative structures in complex skill acquisition
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< e.g., Kugler et al., 1980; Turvey, 1977; Turvey et al., 1978
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Fig. 1. The ski apparatus.

<J#j#% URL> Teleton Gravity Research:
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2.3. Procedure
o RELSFERIBENT D LI ITHR
> FEEPICEDT
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2.4. Dependent measures
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Centre
of mass

h = height centre of mass
1 = rotation angle centre of mass

Fig. 2. Denivation of the angular position of centre of mass in the frontal plane (rotation angle) and its
height above the platform.
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3. Results
3.1. Changes in the platform movements

o iE LY, BAhrroMmEREITLY RS, FEESET (Figs, &, P.9)

o MEIRIEOLEE LA (Figd, L, P.10)
> 72721, S11%, Pretest $ZIZEEMNEEM
> HESRIIMR SN2 (F(7,28) = 5.214, p=0.053)
¢ Day 3 TIIEHTIIRL, LV/NIVEIXZ1T O HIK
< Day 4~Day 5 TiEEIDO /T A Z{HK

3.2. Changes in the subject-apparatus interaction

o iE LV, MARZEITNSL, HHENHES (Fig.s, ™)

® DPretest (T3 DNAAHZET, #BRFE M Thex (Fig.h)
> Pretest %1%, £ TOSMF TH 10 £ T
> R R AR (F(7,28) =11.92, p<0.05)
< Pretest >Dayl~7 (p< 0.05, in all cases)

— 70-
®  60-
o
=~ 50
%
] 40 A
L
Q. 30 4 —_— 51
O —a— 52
2 207 —o— S3
E 10 === 54
- —— S5
(2 m

0 T T ™ T =T T T T

Pretest 1 2 3 4 5 6 7

Days

Fig. 5. Relative phase between platform and centre of mass over practice for all subjects.

® ([FHZEDZEEE, Pretest ZICKX L (Figd, )
> 7-72L, S1i%, Day3~5 TZ@Eh M
> WRE R MRS (F(7,28) =12.17, p<0.05)
< Pretest > Dayl1~7 (p < 0.05, in all cases)
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3.3. Changes in the subject I: Global body configuration
® Pretest TlEHAREEOHEZ /s (Fig.s, %)
> ENLREE

o HIETIL, FrH (KLLOo TR ofhE N k& nw—FT, liRoEhx /v (Fig.6,
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Fig. 6. Stick figure diagrams in the frontal plane for a novice (left panel) and an expert (right panel).

® IHEMIT, BSAH B O EIRIEIL, Pretest 2> KIBIZHENNT 2 — 5T, Hidp (Fig.7)
> HICHHER EE® T A FERO 3N iedd
< BIZH--F(7,28) = 45.79, p< 0.0001
> 7 AL b F(1,4) =331.33, p<0.0001
> RHEVER bR (7(7,28) = 34.69, p<0.0001)
> BsAHE > JH (p<0.05)  (Pretest #fr<)
< BsZf5---Pretest <Dayl~7 ; Dayl, 2 < Day3~Day7 ; Day3 < Day6, 7 (p <
0.05 in all cases)
> EIE, WESRZL

ao-
-
o
Q
T 2
']
T
2
= 101
[= %
E )
L= ij—-;—!—"—!—i—l —f— Platform
—®— Shoulder
D L L T L) T L] T L)
Pretest 1 2 3 4 5 6 7
Days

Fig. 7. Mean peak-to-peak movement amplitude of platform and shoulder mid-point over practice. The
error bars indicate the SDs across subjects.
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3.4. Changes in the subject II: Rotation angle of the centre of mass
® FE.LDRMEMAEDOIRIEIL, Pretest THMAYNE L, FHHAI (Fig.s, F74i)
> MERIEIREL< Y, A (Fig3, T4)

o klnd, AR L ClaldsA EoRIE &2 N (Fig.8)
> REZ R AR (F(7,28) = 26.5, p<0.0001)
<% Pretest < Dayl~7;Dayl < Day3~7;Day2 < Day4~7 (p < 0.05 in all cases)
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Fig. 8. Mean peak-to-peak movement amplitude of the rotation angle of centre of mass over practice for

all subjects.

® IRIEDLE Y, Pretest %I L, Zhzisr: (Figd, T)
> 727201, S1!% Day3~Days THEBID/ T L R &k
> MR AR (#(7,28) = 9.56, p<0.05)
< Pretest > Dayl1~7 (p< 0.05 in all cases)

3.5. Changes in the subject III. Height of the centre of mass
o WEHLV, ELOEINED (Fig9, k)
> HREG R AR (F(7,28) = 3.47, p< 0.05)
< Pretest > Day6~Day7 (p < 0.05 in all cases)

o HMEIV, RTOBMFIZBVTE I OEEIFEN (Fig.9, #)
> BEET () OFRPESHEINT 2 2 & 2Rk
S FRHRMER IR NG S |\ SRR D B TUIHRIE O A 230
> WRERE MRS (F(7,28) = 7.40, p<0.005)
< Pretest < Dayl~Day7 (p < 0.05 in all cases)
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o HWELy, 2kMicEmIoZELEA L, BAIMESEM (Fig.9, F, #Efix%)
> HEZR AR (F(7,28) =12.25, p<0.001)
< Pretest > Dayl~Day7 (p < 0.05)
<  Day2~Day4 |[Z#NT THEZREEM (p<0.05)

110‘|
. 4
£
Q
= 100
=
[+]
[ &] — 51
E 50 - —_— 52
=) —— g3
O 4 —— 54
X —+— S5
B0 T L a— T LN T L
Pretest 1 2 3 4 5 6 T
Days
149
Gl
5 127
"
= 10 -
Q
Q 8-
E & —_— 51
m —_— 52
2 3
- 2] 54
-8 —— 55
E. 1] T —T T T T T
< pgest1 2 3 4 5 & 7
Days
m-—
70
3 =
(8]
- 50
£
= a0 4 —— 51
- 30 —o— 53
O 20- s
—— 55
10 T T ™ 1 T LN T
Pretest 1 2 3 4 5 ] 7
Days

Fig. 9. Mean within-trial height of the centre of mass {CoM, top panel), mean peak-io-peak movement
amplitude of height (middle panel), and within-trial coefficient of variation (CV) of height (bottom panel)
over practice for the subjects.
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4. Discussion
® Bernstein (1967a)
> (IEEED) B REMOMARIR, 74—~ A &S % B
5 Z LR ORI
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o L OEEBTHHE R %R
> FEEROMN, XA LR — VTR D
< Pretest 725 Dayl TZAL #152
v HLOEIORE, KX, Bas Lm0 K MM, EBOLE
T 22 TOREE
< ERR T B, Lok 815
vV OEHLOES, BAEOMEIRIE, FHOORESAE ORI

® LEVEITRHMNIERS, RISEIT T ORI ERS
> BRI A~ RADOELRLA EELTELT
> Dual control problem (Newell & McDonald, 1994)

® SFIDOFRENG, UTORY FE7 LE2#RE
> UXIAWNARBRTEZD L 2R - THZS
<% e.g., Alexander (1977a, b, 1980); Cavagna et al. (1977); Holt et al.(1990);
Kugler, & Turvey (1987); Townsend (1981); Wagenaar, & Van Emmerik
(1994)

® iy - -Balancing pendulum <f#ii¢ 2>
> ARZEIREE - HOOMNE N A E <, 6 & H O A IR FRE, EH)
DEBHRRKZ U

® i F1---Hanging pendulum <A#& 2>
> ZE LTOREE - TEN S K& <720, BLONLE D Y2 E
> HURD 1 <Al 2>

® i - -Hanging pendulum
> BHLOOMEOEEPHMT 55, MENOL D727 X LREETIIRN (%
TEVEIT R
< HHEEOREEND O (Vereijken et al., 1992a).
> BIRY <Ak 2> BURY L By, O OFEFT TR S O B EE S
oY ¢, MUARIRENT 2 (R RH)

® HITICBWTHLIADET LIMESLE (Alexander, 1976)
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Fig. 3. Exemplar time series of the deviation angle of the platform (top panels), relative phase between
centre of mass and platform (middle panels), and rotation angle of centre of mass (bottom panels) for
a novice (left panels) and an expert (right panels).
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Fig. 4. Mean bandwidth across cycles of platform phase angles (top panel), relative phase angles (middle
panel), and centre of mass phase angles (bultom panel) over practice for the five subjects.
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