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Experiments on Perceptual Change Accompanying Motor Learning in Seated Balance

Satoshi ITO*, Yasuaki ISHIKAWA* and Minoru SASAKI*

This study examines perceptual changes that accompany motor learning for a balancing task. Perceptual
changes in an upright state were demonstrated using an experimental method that involves the use of a specially
designed but unstable stool capable of a lateral slide as well as roll rotation of the seat surface. Subjects were
asked to keep the seat surface horizontal during the motor learning phase, in which the lateral slide occurred
in synchronization with shifts in virtual roll about the rotatory axis. Perceptual changes were evaluated from
a measure of the psychologically upright postures of each subject. Significant results from statistical analyses
showed that psychologically upright postures were inversely affected by the direction of seat movement and roll

rotation during the motor learning phase.
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Fig.1 A stool with a sliding movement and seat surface ro-
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Fig. 2 Illustrations of the motor learning and perceptual test
performed in our experimental procedure

WRHWS 5. EROFEBETIE, BREEHEFOL Y 5mm
DHLE A S BT AN 20 mm DAL E AR E) & [/ L 71
12 4s 7T 25 mm BE) S H 7.

TSR TIPS IR %2 [ & BIRCTHEBR AT 2> T
b5 o7ed, ZOFEMFTIIHERABELD L) ZIRETH S
PELRBHTERVEL)TH o/, 22T, avE2—% -
7574 v A (CG) 2k, EROEFHRNE XRT %
Lr L7 BARKIZIE Fig. 2 (a) B0 X 9 2 W% % HMD
ICEIAFRR S 7z, N — O & 3R OER AR, JUFITHE
AT 2 R ERE O # & Kb 3. JEHEAH LR (£
BiCld Sdeg 13%5E) AT 2 &, NI h S K MIZZE L
T5.

—75, BIEICB LTI, Fig. 2 (a) IR T & 9 ICEEE ORAR
Tz 2 OGN RBE) S8 5 & &b IS, AR FDTEIEE)
L CARFRE S5, EBICIIRTOATFEENIL I 20 cm,
BRI s OB & W L7z 45 EREL 2.



FHBEEHEZARmCE %£50% £12%5 2014E£ 12 A 855

CORBTFOBEIKRDLE, b)) EHOEHATHRTIIR
MOMBEIZRENL. TbbAEBE, EREHMBEEIL,
A LI E L) LR ELS.

AL ) EFFEETO 1 ROBRTHIRT 5. FER)
BCTEZORTEMUDENET LT, GXONRET
TONHIT BB Ny — 2 WERE ICFEEH SE 5, Dk
DOEBRTIX, 100 HfT% 1 W OEEFFE Lz, 1 RITO
L 8s THHDOTHEFEHITIIB L% 800s LEEL TS, &
B, EFATHICIRBRERIZEE L Twiiwv,

3.3 MEFXk

MET A MIFTACIY 728 — 5 OfE % —EHEICHE
FL, EBREELY TN THILSE/IRETH L) . W%
EEFEHEECG | S E M UBATICEE S5 £, Fig.2(b)
ICFTREN LS 12, ERICHES VT R AA ICER S &
HIERBAMSE 5.

Wit OLBEFHNT 5720, WE EBH720IcE—T 3
YEXTFy - VAT LOY—A—% WIS, Fig.2(b)
EXCH 2 7 HMD {2128\ T, HEFM O /N — 35S
W) A 7o~ — 7 — O KSE I OB E 2 L CIRJTIA)
g <. N—DIlFEIZ 20 pixel T, MHHPIIZH 1 1 pixel D
A BB L b, N—DORLAREIC B L, BiE
RENENWZ L R RT72ON—3EAL L RBICEDL S, FE
BRCIE, N— LR & OBEEEDS 10 pixel LN TN — D % R
LR, BEREICI NN -0 S 1) S HEME I
BEBEHFT 2 L9 IR T 5.

WE DA — Vi P ERICED & 40pixel/cm
(0.25 mm/pixel) LFEE L2, N—DFRIEIDAT — VI
= — L FEP L CEI A5, ZORRMEOLIEN % T
ANZTEWZEALEED., ThbLMET A MHGRFICBB &
FHENEBTN=DPHRYIIL D LI RET LD, HETFALT
IN— % ZOBRIGRORED S ERMICT S LTERRT S, &
LB TATRENT 5868, WEEDPIS BELENERD
TR EAISOS NN T 5.

CDON—FIROEN R, T b A HIANT pixel 57 S &
BHETANTEIERET S, TORETLITYALELT
PEST (Parameter Estimation by Sequential Testing) 9%
%, PEST CIIERHEPABEE O EZ L U CHEIRN
IWEREINE 720, LHEERESRGITRME NS &
Wit T&%. PEST TIdZAT v 7 - ¥4 ZDOAHIME 80 pixel
(20mm), W/HhAT v 7 - ¥4 X 20pixel (5mm) &#HEL
WHEAE £160 pixel (F40mm) OXT % 3 £ v , F 6 EAT
%9.

PEST Tl SN2 ISR SHBREHEIF L T 5
HERSIE, EAEB LIRS v, 2 2Ol IC [,
EAEDOELELIENTWA EELET2] &) BRI T4]
TR POZFR—THELTLS ).

EEPHEDL &, BTEKEBRESETRSTI LT, #
BESLOREOLBOEEY )y bEE L. ZOKEE
gx, E-A-ESLCRA £ - AoLbsrokng T

[ Preparation

}

Balance Perceptual Test 0

|

Motor Learning 0

-

J
[ J
[ J
s
[ J
[ J

l

Motor Learning 1

|

Balance Perceptual Test 2

Fig.3 Experimental procedure.

YHFLGRY, ElE lem TBXE 3BT THEY. 20
W, N ZEEPRICEE L TBL. 0%, N—FROLE
NEEFHICPEL, 2807 A MEFELFIETHED ET

3.4 HEROEM

EBRE GO LICH2Y, WEEIIE, B O YL EENT
BT &, HHTIZBEARDAMIfN 2 WS & 2 Em s 5.

EBROBBHICE—Y a v F Y IF v - VAT LADF ) T
V=2 a Y2 AT, BEREOTEN LS L& U 5 £8E HMD
O FYRE BB L EHIBHTTB . DX, BRYOME
TA MO0 EITR, EEFE O ORK, 2@MEOMET A M1
TR . FLTEEYE 1 0%, REDOHET A b 2 %47
%9. Fig. 3 LEBROFIHE T L o7,

ZOOMET A MIFTH UEREMETH CARD T A
MEAT S . HIET A N CTRFEI L& T CRHMIiT 2 LB S
B7280, BEREDEEMELET L 2L ) HoIlEET 5.

EEIEE 0TI, EEMIIOERFE 2T h bRVt E
FEL, B 1T A IRERE 35, EEEE 0 O
Wz 5408 L, BEEIZIE 5 0RICHENRET A b afrk )
CEEBRIF M, BELENS) Ty 2 A LRETHEL
ThH)., TOLZIITHWHREIIIHEMBELZEFT LW &
INEETE 2 5.

EEFE 1T, B32EIRLAE DI, BET AKT
O LTI % KFARDI A7 BT ->THH ).

EEEE IC BV AR OB i, TabbET
DYATREE) & AT 2 FIdE L, FREck L Clibes %
T4 O%S TRH 4T % o 72, KEBOERIZH 72D I E
REFEFIESEMILREERZ B SOKE (25-234) 21572, F
72, EBAEOSMG, EBRICHNT AHEBEICIIFEEC
FA L ELTEb o7,

3.5 MR

HET A DOFER, FSTFRLBICBVTHBRE LS
EL LIV T WL h0ONEREL. FOF—-ZIZIEFALH
LZLRATORBER LN OPETNTEBY, 2OTTI



856 T.SICE Vol.50 No.12 December 2014

Table 1 Answers from a subject of the left directional condition

TESTO TEST1 TEST2
pixel |[ N L L/N|N L L/N|N L L/N
—~160 | 3 0 0003 0 0003 0  0.00
~100 | - - - - - -1 0 000
80| 3 0 000]|3 0 000]|3 0 0.00
—60 | - - - - |3 0  0.00
—40 | - - - - - - 4 0 000
—20| 8 0 000|9 0 000|12 6 050
2010 7 o070 |11 10 0917 7 1.00
40| 2 2 1.00 | 1 1 1.00 | - - -
60 | 1 1 1.00 | 1 1 1.00 | - - -
80| 3 3 1.00 | 3 3 1.00 | 3 3 1.00
160 | 3 3 1.00 | 3 3 1.00 | 3 3 1.00
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Table 2 Quantified perceptually upright postures

TESTO | TEST1 | TEST2
L1 19.62 20.16 | —6.99
L2 19.19 17.51 | —20.0
L3 0.08 18.58 60.06
L4 28.35 29.49 4.06
L5 52.00 57.02 21.26
L6 | —14.06 1.98 | -5.31
L7 40.40 21.41 | —13.79
R1 14.17 19.93 42.35
R2 18.58 17.51 43.02
R3 | —10.48 | —17.51 16.65
R4 19.35 16.65 20.16
R5 —2.57 | —18.77 25.49
R6 —2.45 | —8.47 32.83
R7 | —20.16 | —19.19 20.00
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Fig.5 Transition of the perceptually upright posture, rear-
ranged by zero average for each subject
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Table 3 Tukey’s test among six groups

L-TEST1 | L-TEST2 | R-TESTO | R-TEST1 | R-TEST2
L-TESTO | 0.99776 0.23307 0.52024 0.22291 | 0.26419
L-TEST1 - 0.09829 0.27559 0.09314 | 0.50466
L-TEST2 - - 0.99425 1.00000 | 0.00100**
R-TESTO - - - 0.99290 | 0.00462**
R-TEST1 - - - - 0.00093**
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(a) CoP and virtual rotation axis in the 20-21st trial.
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(b) CoP and virtual rotation axis in the 93-94th trial.

3 30
roll angle ----- CoP deviation
2 20
= 1 0 g
3 g
ey g
S 0 o 2
2 1t 10 5
s
2 N T 20
v
\__
3 . . . . . . . 30
156 158 160 162 164 166 168 170 172

time[s]

(c) surface tilt angle (roll direction).
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(d) Lateral movement of the stool.

Fig. A.2 The movement of the virtual rotation axis and the
seat surface movement
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