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Figure 1

Stable attractor and unstable attractor: A metaphorical diagram that considers the state of motor development in

terms of the state of a ball, which is regarded as an attractor, in relation to a well or a hill. (Thelen & Smith, 2006)
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Table 1 Comparison of horizontal and vertical direction of kinematics in the study 1.

position velocity acceleration
horizontal | vertical | horizontal | vertical horizontal vertical
X -17.78 -28.20 -5.24 -0.21 -6.58 0.93
SD 109.11 9.14 146.00 5.10 169.31 114.14
n 821 821 820 820 819 819
F 142.59 p<.01 69.33 p<.01 16.90 p<.01
t 2.68 p<.01 0.96 ns 0.44 ns

Note. velocity is treated as a horizontal and vertical vector quantity.

a b c

Figure 2 Fluctuation of (a) spatial position, (b) velocity, and (c) acceleration plotted over time. The horizontal axis is the
horizontal component, and the vertical axis is the vertical component. The starting point of the spatial position was converted to
the coordinates of the origin.
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DO TIE, RN HERBE L TWHHHR Lrybh7ay hOEFEERELTWE) T T/
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EATERIWT, HDWEMHTRH—TIX RN 2, T NI 7Y OFEA TN T 572012, w®KY
Mol Z EAITREN S, 77 7B ERB L EETHLED AN+
. 008 LA 75 A, 008U FE~A4FALLT,

2) SRR ZRUSD £ 008 D D% ¥ 1 & F 2 iz
A, EEMEE RS, EEOTF—52H HWT, VT T TART M ARETELE
72 Takens (1981) DM WOAKEHIZHTE 3 (Table 2)o WHKY 77/ 7HEPETHL I L
WICDIRTFEZER] (Figure 3) % FHERL L7z LB B, AAAVEERET A ETHEELEINLD, 2
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100 o -500

horizontal position, 7 = 3, n = 821

speed, 7 =3, n = 821

acceleration, 7 =3, n = 821

Figure 3 Attractors and reconstructions. The upper left is based on the coordinates of the horizontal position, and the right is

based on the vertical position. The lower left shows the speed attractor, and the right shows the acceleration attractor.

If the lag

is1 (7 =1), the trajectories slightly overlapped, so here we took 7 =3 and reconstructed the state space.

Table 2 Lyapunov spectrum and coded patterns in the study 1.

h-position V-position speed acceleration
Al 0.0908 + 0.0749 0 0.0969 + 0.1381 +
A2 -0.0128 0 -0.0418 0 -0.0569 0 -0.0794 0
23 -0.1213 — -0.1594 — -0.3502 — -0.5267 —

Note. h-position means horizontal position, and v-position means vertical
one. Plus, minus and zero sign correspond to Lyapunov exponent.
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Acceleration (ox/s%)

125
Time (ms) <10

Figure 4 We captured the time-series changes in the acceleration of the head during the bead transfer task. Five trials were
conducted. The depicted O is when the participant first places chopsticks into the bead container; [] is the moment participant
grabbed the beads, the part enclosed by the dashed line is during the act of placing the beads into the pin; @ is the bead on the
pin—it shows the time when the bead was inserted. In the first trial (1 st) , when the participant picks up the bead, it drops and

the acceleration changes. Rapid acceleration and deceleration is observed when grabbing the bead ([J) and moving it to the pin.
This is followed by an elliptical area, where the bead must be carefully inserted into the pin; thus, the adjustment action appears
as a subtle change in acceleration. Insertion into the pin is completed at the point indicated by @ . One cycle is shown from the
chopsticks—from when they are placed into the bottle (O) to when bead is inserted into the pin (@) . The dashed area of the
ellipse and the process of extracting the pin (from the white circle to the white square) are delimited here as "stagnation."
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B &7z (Figure 3)o 2D L1E, W&
EHICEDVHEEIEEZEDDLLHIICELI L
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T, EEREEITR SRR, RS T
k52 & OWGEIZPCE 2 4 < A%, W ahR X <
EPEDOND LIk oTLBE, DEODOFX
O OBEA~OZAL (NHEEE) oY) &z 0
BBy, HrALND0 LRSS, K
SEALETOHE S, FERC U CTUEERIER AR T7
S SE L 7272 C, WEME TIEZE ) L7zahE
AN LhoizbfEINng,

5 2

FDEETIE, HTOEND O FEOREZ K
L7225, ZZTRRRICEVELS, Fodhi
FHEEMETAZLZAME L, HENOTESLD
LHBOBOTOBE L DECE S NHE L
720 U GBI FRIE & IERIE OTRIE 2 Vv T
ZENTOB X DOREL R LT LIl

sp: S

BEME: 77 LVLOHEBOHKRS 6LIE 14
CK )

## : Elvis Aron Presley @ il 'Can't Help Fall-
ing In Love' &7 7 L LiHZ$ A Bl % 7573 5
& L7ze FEBIZIE, WEMICAH A Z 2D TT

Eiko CTHEZL B), OIS OHEE (8
) FTollBMzEzNgE Ui BACTIERA
5OWARTDH > 720 ByMiiL Internet L Y AFL
726

pox il

SIATICIEFEE 1 & U < Kinovea # W, F
ELOLFRIBOIMNOMEII~Y = —EFEL
oo AR 7V LOEEMIME 25, HEH
BB RN GBI EEZHEL 1 7L — 47
DNIvF LT LT YTV T L= T 244
Hz & ol fREL LCEBRLIEFMLL, K
S EEALE (px), EE (speed, px/s), KW -
T o #EE (velocity) & N JE (acceleration,
px/s’) ERD7z, 72721, BRICIZE S OMWE
DORLEDFLHD LHEHRFARLEPFINTVS
o, FNLEHOF—7 L LTV, FhEh
WZOWTOEZEM L7z RIZ, JERIEMECoM
FELT, UAL Y hTay bR - EwT
EREIL, AAANERVT T ) TANRT P T4,
7T N7 78 OBIREFBEIZB TR 21T - 72,
AR VIR CIREM 2R, MM
WEOHRZ L 5720 ThITED LHETFT—%
AN L 72,

Table 3a Comparison of horizontal and vertical positions and former and later halves.

h_position v_position between h and v
Whole X -27.95 58.58 1=24.46, p <.001
K 30.75 48.68
52 945.29 2369.93 F=.40,p<.001
n 265 265
Former X -35.69 59.72 t=9.02, p<.01
K 41.28 79.70
52 1704.04 6352.09 F=27,p<01
n 72 72
Later X -25.07 58.16 t=23.39, p<.01
K 25.27 30.15
s2 638.57 909.02 F=.70,p<.01
n 193 193
between former and| 7=2.05, p<.05 t=.16, n.s.
later F=2.67,p<.001 [F=6.99,p<.001
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—e—Former movement by
wave a hand (3 sec)
—o—Later movement by fine

movement (8 sec)

C

25000 -20000 -15000 -10000 G000 10000 15000 20000 25000

25000

30000

d

Figure 5 Figure (a) on the top left shows the changes in spatial position obtained by tracking markers. The picture (b) on the
right is the actual situation. Before the performance (former) when the hand is waved, a prominent vertical movement can be
seen. In the later part, the strings are plucked with the right hand, indicating that the movement was in a limited area. The index
is px / s. The sampling rate was 23.8 Hz. Figure (c) of the bottom left shows the change in velocity. The former half spreads
around the periphery, but the latter half converges in the center. The velocity in the former half fluctuates mainly in the vertical
direction, but the velocity decreases in the later half and there is no directional deviation. The index is velocity / s. Figure (d) on
the right side indicates changes in acceleration. Like the velocity, in the first half, there is a prominent change pattern in the
vertical direction, but it is slightly left oblique, but in the second half, it is concentrated in the center. The index is acceleration /

2
S.

fRIZRVECE

ZIMBOFEL IITEEZIY), FEBRAEB X
OF— 7 OMHHEOSHWZ L, Bk OEED
il D[l 75 % 14720

52

S
1) ZEfE - RE - MREOZ(E

N BOBETOY 7 7 L— ME 238 Hz
ThHoteo KFEMEEEBEME &K LZES
%, Table 3alZ/R$ L 91T, R TIEEENE
D3 7% 5 I BDACTALE X ) B %25
72 (p <00 FEAHHIY (former) &i#HZ
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Table 3b Comparison of horizontal and vertical velocity and former and later halves.
speed h velocity v_velocity between h and v
Whole X 188.59 -5.72 7.07 =60, ns
52 84412.76 30595.20 89496.67 F=293,p<.01
n 263 263 263
Former X 364.36 1.66 3032 [r=55.ns
52 231317.72 99101.63 265933.94 F=2.68,p<.01
n 71 71 71
Later X 123.60 -8.44 -1.52 | =40,ns
5?2 15284.51 5620.60 25027.13 F=4.45,p<.01
n 191 192 192
between former and| 7=4.16, p <.01 1=.268, ns t=.512,ns
later F=15.13,p <01 |F=17.63,p<.01 F=10.63,p<.01

Table 3¢ Comparison of horizontal and vertical acceleration and former and later halves.

acceleration h_acceleration v_acceleration between h and v
Whole X 5.56 -7.51 <0.72 | =022, ns,
52 7539811.03 10004900.87 15957442.95 F=1.59,p<.01
n 261 261 261
Former X 9.23 4.23 15.01 t=.009, ns,
52 22928509.57 36100083.02 53579182.15 F=148, .05<p <.10
n 70 70 70
Later X 4.22 -11.82 -6.49 t=.043, ns,
52 1990960.12 580817.35 2378673.24 F=4.10,p<.01
n 191 191 191
between former and| =.009, ns, t=.022, ns, t=.024, ns,
later F=11.52,p<.01 |F=62.15,p<0l1 [F=22.51,p<.01

LTwab Y (later) &I, MEAEDFY
ERKFEME LD HWEEZ R L (p < .001),

7z, Bk BEOME OV LR L7z &
25, KPALE TR RO TEFALNR

7278, EEMETIEALN D o720 EC T
e HPLL Vo EEEZ R L (@
<0Do F5 ) OBENEEMNEE TH 72720,
LT OEE o T,
BIEFFAIEELIC oW T, B ORI 2L
Z, FiPEEO, HPEHE@OY—A—T/RLZE
DH Figure 5 Th 5o ZRMEIZOWTAL L,
Figure 5a, b IZ/RENB X IH 12, Wik TRIEAET%
HIFTFEZIFESTWDT, ZOHMAKELTE
B (RRLEFDOPLT) ISP TnwbsZ L
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Whhb, —HTHPETIE, AFEY7LLOK
il 20T, BRI TRE SR
FICTOREHOEEINEFE > TNDE I LD
5o

—7J5, METYH, Table 3bIZ/R LA IDIT,
HiE, P& b ICHEE TR O 5K TN
RTEWMERE LN (p < 01), FikEEE%2 K
T2 LHPEOFHOTTHEPIHARKE i
Lole (p < 0D)o HMEEIZFEIICX 3 2 Wil It
DT, FEIWDEVHIFTADLEH I B,
BRI Y72 ) OB HPH AR E 2B 2 LMD
MEROMR L F 2 % (Figure 5¢)o

T 72, IS B W TR TIPS, 0
EDITACE L TE M E ORNH EAEI D - 72
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150

X3 -50

0
100 150 200

former

Figure 7 Attractor of vertical —position.

A%, Table 3¢ I\Z/RT & 912, AP TIEIE )M
DOHIHKFHF M E D ENEER L (0 < .01
BT, TS50 TOMEEDOELITEL - 72
P, BV EES A TORB X OBFEHNAEL
T, MEEDRENE 2o THNZEWZ B, Ik
JEZOWTHI PR POKE L2225, KFE,

54

TS E DR EO BB L 0 oK E
Motz (p < 01)o MEEEE DK & Tt f 1) DRE
ZHNZEAL % Figure 5d (270 v k L7z, HikE#E
DO E G OMLFIZEEMEOLELFE L TH
5o FAD LW KRE LERONEE OB,
FE EA ST OB, TP TV B, il
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Figure 8

former

Attractor of speed.

%
A‘\,

Figure 9 Attractor of acceleration

ETHBDT, NI E WEAVKT-HE ST IS H.
WCHNBE N — Y ZRLTWD, —FT, BT
DF0H Y JFHGHBICES LT THEZR LD
REZINTWDZ NG DA, g DZemfirnE
NTOMPREEDIREL o TWDH T EWDbH
b

55

2) FERRTIEIR

el MUK ¢ =1 CREEMICT NS 25
R L72. 218 (whole) &HiY}: (former),
#% (later) 1240, ZNENOIBENICHE
ZEHE L 72 @25 Figure 6~9 Th b, Hif-L
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FTHRDS R R b, BEOT VI 27513, TR
bR ORE S NHBICERN SRS L)1
B ENTWBE I EWonb. BRI THL
BORBPENZRIEAL72E 2 A, AKPAE D
TWR7 M9 27 ZEMHEED 605 5 MR L
(Figure 6), B398 1 OFEHEMETDALN
72, WO b OWMHPIEFIITFEA L, TEAE
DOHPETIET b T 27 % O Lo 5E% CIOR AR
SNTZBICIETNEILRT AR SN, %P
TIEHLETOME MR SN (Figure 7)o
HWEORETIE, A LEHOFEESINET 20725
THiPNA, Z0F FHUTEEICE ) HICIOR
LTWwo 7z, HPIZFAAD 253k L T
LA 72 (Figure 8)o WIFEETIX, B
PAIHLEEANONCE, #BPIFPCE L2 2 A0 5
FZFBANPER L T CLEER S Nz 2F
DRTPAEZRE L &, FREAPOR, BPainke
W) BLEDEWDSHR Sz (Figure 9)o

HETEE K ORI 2 TOZENENDE IO
WC, VAL YA7Tay baRDL BRIE—H
TEARLFUESY = ekl LTidgini s
7oo JERIAYE, JEmEVEAS) DA, TR &
FURK) 77 7iRBoOEEZHNT, V77
JTANRYT TG ADINY — e Et L7z, Table
4IZENENDIIENBET— s OV 77 74k
B BB Lz, WM WS B 7200 2K s
FACEEE F IS TICEN L, VT 77
ARY I ADIEADISY — & E, T
OEENEDOLEBHTOR, +0- MBI 2 2 |

LYIVT T2 8 THAHAFAMIRENT, &
HWEABRDTHRARY TS 7468 (1 1) »PIETH
LEWHWEZTICERT DL, + - — D8y —
UHEL BN LD, BIRTHRDE, K
AL E, EE A7 E, # S (speed), Ml EE
(acceleration) DLETTH+ — — 3% — U DA
Nizo 722 LA e B TchLE, VT T
AANRYZ T AOBNFIERL: > Tz B
TR, BEME, HITRRKIT 7/ 7HEK
(1 1) PIEDMHEERR - 722 MREZT 0 &4
720 BRI TIIMBEETORRKY 777 798
DIEDEA D S, MoK, EEALE, HX
TDVT T ) TARZ FFLIZ0-—Dy—>
Lol 0— 4%, EEI7 o253 h
5b0T (FE, 2000; B, 1987), My
DRENLY) Iy M A7 VORI HNLTWY
720 MNIREE & ZNLDAOIRIE L AL - #F0)
TT ) TARY T AIIBWT, W Ny —
Ve Lol bbb,

F72, AR MV R LIBOEY 7T
DIHEDEHMERGT Lo 25, Z2RIf0E R
STIEHMEZ € — 7 3R S N> 7243, s
ECIITF— 7 &k T21Hz L 34 Hz D 220D —
RSN, F—F O TIE 5 Hz £ 10 Hz
D2ODY =7, HF¥TI16 Hz DY — 7 HHER
ENTzo BIBIZBWT 2 DO MBS AT L
7ehs, BPETIRH1I OO XY EOREERA~E L
etz b, HOHBEBBTIIETOIRE, &M
TOWPUR L7z

Table 4 Lyapunov spectrum and coded patterns in the study 2.

h_position V_position speed acceleration

Whole A 0916 + 1286 + 1383+ .0838 +
A2 -1487 — -1423 — -2046 — -1075 —

A3 -5733 — -3976 — -7199 — -7912 —

Former N 1205 + 1572 + 0909 + 0223 0
A2 -.0807 — -.0108 0 -4017 — -.1416 —

A3 -.4830 — -3144 — -1.2432 — -.6335 —

Later A .0502 0 0621 0 .0606 0 1088 +
A2 -.1568 — -.1456 — - 1356 — -2093 —

A3 -5731 — -.5579 — -.6974 — -.8634 —
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ZE

IO T, IO Bk EE) A3
HAENb, FAYOEELFRTOREZEE &,
77 LV UVHETOERBES A TOMP»2EE %,
ZEHINLE OZALR ML, MAEDDH ) Fir b8z
HZ ENM K, WA M KES (gross
motor) & fMES) (fine motor) &\ A% EH)
BEICHEICHN b DLW R 5,

BB TOFELD LWL, KD IEVZERH
NTOITHTH > 7288, BEEmM A, fBoB)
HIBRE S NAZHPAN T, TE S5 AN D 7 R
HLEEDAE LT EDHEN SN D, /X7 —
v ELTIEMEREVDREONT WS, 7272F5
D OFEET, MO KF-EE O DD - 72
ZLIZOoWTIE, WA TOMBAHN S N5,
Figure 5d # 56 &, gilfz g 7ok EES
TEORBEELE LTHMANTVE, 29 LR
HLBDIE, FERLITHVPHELIATHIHZ D
B THo Tz ohd Lk, —HT, HFIC
Peo -8 NE, BE o7z T — FICHEV, flil 2
WE 2T 5 2 EpROLN, Sy kED b
H 3R 208 & 135 7% 2 R DM@ T 72T R
WH 5o

IR DOFREEZ AV D &, I % BT 22/
PR H S T, W Th 4 AR D b,
BPICRDE) Iy ML I VIR 5T, BED
CHBKFZ NI v F v 7 L2HOAT ORI,
ER OB & 2 M0 BB T - 72720 1 JENE
HIRENTZDIEH I DS, HEHINAT 72 h AT
12> CTFEEIRAITHIL, AEEREETH- /2
DOhb Lk, TR EON, Z2/fE
RMES LA L AFLD LHE L TIEE L L1
MZRLEZ. SOZEND, 200RRLITHE%
ToTWBES, D% B OB SRR K L
TWTREEdZE L b b,

AT MR D ORI E LT, BTl
DRINZ2HHFOHE LI TVDB LH X, F
SDEHIBT L, HIREFLEHOZNZNDOE)
EDOLH)ICEEOREL DAL 7200b L
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N, FABPECEIEL Y Ao
BoTwbIenb, FrIELIEVIRKELINHE
T 5EE 5, RIETOWEE &) Tl 7 SUAERY
FENEBSZZEDVHEHLTHREOTIE RV
LlEbND,

HENZE

KIFZEIL, BATHICBWTHEE L FAoH#E %2
WL AEE (WiE 1) &, BEEHBICADH
DOF5D LiEHE L OB W%E2) IOV T, H
W DVIEFENERHNE LD X I12H< 2, EH)
T, NFWN RN & IR 2 H
WCHHTL, ITAEDOLIHIREZRFETAZ L%
HE L7z,

e 1 I2BWTC, NANIBRETIIAL OB & A%
BE BN, ELTCYT T/ TARZ NI 0H
LWVIERKY T T 7IRE,» S, KPALE, M
S, MHEETHF AU RD Oz, Tz, KE
ZERUCHEBR I NT 77 ¥ OMEIPOED 5
WIS 5 L W IR TR A LN, RET
TONTNEEIENHA~NDE—=ZADORB LEZ T
HBHOT, KEEEZR D05, - A %FETIS
e, ¥ UICHAT AHEE, HEIfTDEVE L
FRED L EFMRLB V. TOEIKT [L &
A EIWFATATHORIEMTON TV A, b
OBIITAH LY, BZ S OIERER L RS
ELEMEDSTOTEEVIEEZ LN,
TRGEIC BV TRARA bEE Y ff B, Z2HfE
HDOEGEEEIIRW G EEIIHART, RRKYT T/
TR & T 5138 (Barone et al, 2012;
Maron et al, 2013) & -7z, Barone %3 EEG
o TWBYS, ZEREE MR L FREZRIT T
AINF—ZLDEHETLEEZEZ TS, BH
MEAAST A F =B ICHET 25 L) Jh b
FTHE, AMETOL—ZORY HLPIHAL
W FoHE S 2T AEHED, KV T T 7R
BOWMKDOERIZR: > T 2O T RWwh &
Ehs,

¥ 72, Longo et al. (2018) 1%, TifHlAY 7 K18
EE OB, BAEZ AT 23T b b o 728
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WCHART, WKV T 7 7B kb b %
RHL, RARELEERR L OB TT RS-

S RME LTS, fioiE, RBAFREE LT
WRIET % &\ o 72 EN RN G- 2 ST
72DT, FRIHNERAE UK 7T 7R
BHETHALVWIERIEON L VWS, OF
D, Je4THF%E (Barone et al, 2012; Longo et al,
2018; Maron et al, 2013) THALNzXH1Z, @&
GRS IR 77 785 & A3 2 55 5
ERELOEEZONS,

—FH T, BRIRIEA S O M D FEROME % 1§
FLTwahd i, ¥4 3 7 &l st
LPHMETCOLI =N 0wE, &KV T T/ 7K
25w £ 72 A (Imanishi & Oyama-Higa, 2006) &
WIHDD, HETIBT A LIRS, £
MDA E o Tnb EEZ L HIX, A
TEHULMEEZ ATz Tld vt Ebh
b0 LML, HEIEETHL I LAY Y E2fHRT
#®iz, KV T 7 7HREDS EAT B E W)
W (il 2006; Oyama-Higa & Miao, 2006) 12
DWTIE, B, EEEHEOHEE TIEHMD
MHRVWEHIZEbNG, 7L VEKIE, Fh
BELLDOEREEETICTELHHMMETH S
DT, ORI L >7200b Lhkv, 7L
) VEOEEOME IBEITRETH A ),

KREFFECRERR S Nz, MEICBIT S [T 5
WE ] EEETO [IEKT2HE] 120w T72
A (WFgE 1 LgE 2 o—), fEEofEfre L b
WHEROEFRY D EZ L Vo, WhITH
WEALTEZLEHBTEOTIER VD L
WEhz, KPFEIBWT, EEESED IO
NTHEHHL T LIS, RBLARWE ) ER
EIVEUTHEEIC > TV D) TEhD, §f
HWEZESOBTAD 720 8, IREEZEHICHEH
ENT b7 7OPEOIHE LTHNIzD72
590 TLTEXR, HSHKIIMEFLTNLLLD
O, fEEOBBDELIZON, LV HI»RIEED
27y THOY Y B2 BT s HhRL,
DFESE LCONMEED FRDS, BLuEoikE L
TEHNOTE R NI N D, ZBRIE T
HEEMCESEEFHLTVWDEIOT, EHOKE
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Mo 72K TALE DBLEIC BV TOREE & [ L <
EDOPIRABA NI E VR b,

e 2 TlE, BRICFERD L VW HITA LEEL
DFECHHIE, BRI S, o T
V7T IR e 5 2o T e
T A =Tz, MKGEE) & AEE & v S
XGFoLhEnZ0FELRTEELLNOTH-
720 IR E NS L 91T (Table 3a, b, ¢), #
AONZBXIIAEAH L D IE BT HIToEE)
PEEICHN, oLV RELRET Y
RL720 VT T 7ARY 5 LTIE, ZHME
RS LI L ORT, Wy — B 8n
T\w/z (Table 4), Z2MfiE &S, HipHRT
N AERED LN, HBPETYIIy MLV
o 72h8, MEBEEERTEAY I v M4 7 VT,
BEIH A AEPBN TV,

2O LA A Ao R LB TH 5705,
MEORBEBEGH S, FRliz 5258 %1k20
OFENOLKD Z EDFREINT, HiEICHE- T
9L, REBEHIIEKIN T T N 2750
ZALD B 0 Jir s, I % B < Z2 AL 03 S
T, REZEMO 2 #EEICBw T snT Tk
AT DN LR AR TE 720 2 F D, I
LEHIHALHIBTOE L T o 72HHEA S Hl O
WA T 2 ~D Y 7 s b, Figure
6,7 8ITRENDL LI, WIENTOT VT2 %
DO T OIRSL B2 a3 N T Wiz, —
J, MBI RETY) Iy ML 2 Vv ERL, T
T 7 ZIFHOA ST B B AT S 7z
(Figure 9, Table 4) o

BIOWMBETIIHM LB Z KD ENDH, F
OB X ZIREZZMICTRN T 5 &, MR TR
W EILROW T ORERINEAL % A 72BLE 2 Bih
Tz RV 777 78I+ A% R LT
WieAs, ONE D OIRBEZE B IR OPOR - JEK
LWV MO T NBHFELEL T2k
PEERLCTwiz LI NG, BHMERES O
IRREZERI T, KPEALETOWRE DZNT, i
JETHALN2 L) KT 2B OB X 13720 5
T, PRI WA S 7z,

ZeMIALEE & S E, I & X % B O BT
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DIREZRZTWBEO0 D LNV, BIFiFED
% & DIHRENRIE M S5 D A BB 20 5, JLRIR
2N L Tw 525, AT 2 72 Longo
etal (2018) 12X B &, ABEMIBELFE L L,
AR D% EI|RRY T 7 TIREDMET
LT B EDHERMEN TS, 728 H (2023)
bAryryva—5—3 g3y THO ORI
o T, D NHEOWHE D LA T 51200,
T AMNRLONEA LY IT NS
IENEBATHIEERBLTWD, ZOMER
i, Sz b L, EOAMPRK) T T T
BREIEOENEELSE/Z LR LTV 5,
BPCToOWMBE T, WL WERTEOB & %
LA CTiEnbdhve FA)ICHERTHES MmN
A, ERETIROD ) e ) Bz Cuhkidh
EabWwEWw) T, gl ICBir2HRL
BoOZEOBZOY Y EHZ L LHEPLTWD, Hun
RETHRPTFOH X ZHHL 2 I brnt
VI BT, WgEl EFLEL, HEEOHETRERD
)0 B2 A%, BMEOEALTD DI FKN 0]
MDD B

BT 5L, KRBT, ENRIEREE VW
TIREZEMICHLEZ PR L2 25, FEgiys
7 bF 75 ORDBEDHER SNz, 7272 LT
SR g1, Longo et al. (2018) A8 9
X9, AHEOBRIT I LW 4 S T
BEINTZDDTH -7 R, W% 1 TGt
EEBLUCOLRTTH Y, W2 TIEREE %
PTH o720 FEMEALE RT2DITF TRV,
Thelen & Smith (1994 /NEEZER 2018) % Thelen
& Smith (2006) 2559 &9 %, ML B %
DR IRER 2R AR T B IRE M %, A
JECIX 5 AT ORMEDOHR, HEORHY: LB
BEHZ THI. MH7E1 TId, AfrdrEdico
N, BZLEMENET HI12oN0, IREEZEMIC
TR ENZZT b7 ZIZNH LR E V) B
LB E I, TNMEENRL 257210 Th
, BLEZZLW) —#OBEOOEDV LD
DY ZHHAL o TV &) Kb,
SUTBWTIIHEF QPR I EE I 3B T BT
DRI o LR TE 2, BZEHL, B
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RRL L OEFEREROBBATbNIRER, &K
VT T 7B B o TENZERZ S
5 (B, 2023), WF%E2 T, AifE&s&ET
FHY) LHEHBLEVIBHMWICLE)FTEHTH 72
B, R LATEE X5 2 LT, X EBENIC
JRET 2 IR OB 2 e 55 2 LR
RIS CTIE, BRI T NS 2 7 ORE R D
BAFIRE o7z BRIV A+ ZEICH
LC, s ZhDAOIRETIE, [k ek
TS SO YAT AV N DY A Aol Al ) Rl
Mo, FTTHOEZENCIY, B+ ANERL
% LET, FNFIHE L 22IRED D B kR
s 7z,

AWZELL, FH LR AR TH 57225, &
%, DCD#IZEOAMALS b REND LHIT, A
FH S L Z NS 5 REE (B, 2021,
2022) oL OME AR DTEEVrEE
AbNb, F-HRGIHOFIRICH BEREOES
YD EZ EFH - %S, 2017) Lo 7-HTH
# (self-regulation) @& V) J5 % IEHILHY T2 C,
HSNCHELZEDREZ BN,

SEE

AR R GRER S 19K11603) OB %
ZF 72 72, M SHEDVIZ S OEEMK D Sl
BT Ay bwizZwiz, S 7272w 7z Claire
Crosby IX, Dave Crosby [KIZE&# L £ 3. We would
also like to thanks to Claire Crosby and Dave Crosby
Jfor their participation and cooperation. We would like
to thank Editage (www.editage.com) for English
language editing.
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Mental States Inferred from Kinematic and Mechanical Indices of

Movement and Nonlinear Analysis
—A preliminary study based on two cases—

Mitsuru Noda

This study aimed to analyze the bead transfer task (Study 1) and ukulele performance (Study 2)
using mechanical and non-linear indexes, and to examine the state of mind. The largest Lyapunov
exponent in Study 1 was positive for horizontal position, velocity, and acceleration, but negative for
vertical position, confirming chaoticity. However, when the attractor’s trajectory was reconstructed
in state space, the difference appeared as convergence in velocity and expansion in acceleration. It
reflected prudence and switching speed as it gained proficiency. In Study 2, the distinction between
gross and fine movements was evident between the first gesture and performance. Chaos was
observed in spatial position and velocity in gestures, but only during ukulele performance
acceleration. Chaotic behavior appeared differently depending on the dynamic index, but unlike hand
gestures, finger control during performance resulted in discontinuous changes in speed, and
acceleration had a high largest Lyapunov exponent, expressing chaos. We discovered a relationship
between attentional resources and the largest Lyapunov exponent and confirmed that the
appearance of attractors varies with the motor index.

Key words: trajectory, chaos, largest Lyapunov exponent, attractor, attention
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