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Development of neurological and cognitive functions: Knowledge gained from the observations of infant body movements
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Abstract

In order to understand neurological and cognitive development, we observed movement pattern of an infant longitudinally under the two
different situations. In the spontaneous movement session, we observed spontaneous movements of the infant. In the mobile session,
we studied inter-limb movement patterns when the infant attempted moving a mobile using a string attached to his arm and we tested
retention of his learning. The infant was born full-term and he visited our laboratory 7 times from 14 days of age to 165 days of age. We
used a 3D motion analysis system to track the 14 markers attached to the infant body. Kinematic analysis of the velocity of infant limbs
revealed that mean velocity of the limbs decreased around 2 months of age and it increased after 3 months of age. In addition, active and/
or complex movement of limbs after 3 months of age was inhibited when the infant attended to the attractive environmental stimulation.
This developmental U-shape pattern of the infant spontaneous movement and the inhibitory control of movement suggest a develop-
mental change of neurological motor control from the central pattern generators (CPGs) to the cerebral cortex. Results of the mobile
session indicated that the movement pattern during the learning and the retention tests differed with age of the infant. While a general
increase in the movements of all the limbs was observed during younger ages, a specific increase in the movements of the connected arm
was observed during older ages. This general to specific development is consistent with the result of Watanabe & Taga (2006)'s cross-
sectional study using the mobile paradigm.
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P =X TEBEENTNAZ ERHMOLATEY
1. [FL®HIC (Grillner, 1985, 1999) , & k OAATARIZEIT 2 B ALk

RN OLIF A B LTS & M2 FE BBV AT LAET L BIRES TV % (Taga, Yamaguchi,
BEN LTINS D LIS, S0k S ERL, s & Shimizu, 1991), b hOFENMICR 5N D BIEEE O
HLIRICAN ) . ER R ERNE G2 L ¢ BEATSALFERCERLDICSA TR H OO,
b SCHRICELSHOTHY . HRES (spontaneous  THED & ZHTD CPGs DRIGARENEZEZ LTINS
movement) & FEIEFL TS, GO E o ES o [ etk (Einspieler, Prechtl, Bos, Ferrari, & Cioni, 2004; Prechtl, 1997)
ICEHICER L= McGraw  (1943) Th Y, 22T ~PHEAFIE, AREEOLEIZH T 5 (maturation)
“EIE” LS RIS, B (intention)” ®° “PEfyEy  PREZERLZLOTHDL, O LS L—RIEOMIEAE
B (spontaneous motivation)” DEMITEENTHEE T, s FEFMBBICKH LT, BHAOERPMAIZRL H- T,
RIS £~ CHIX B2 N5 Kt (efle)” &ofig  PHZREBNVERT S & B X 5566 5 (Thelen, 1995).
BEE LTS, E7-. ARy ANEET A L. SLER S OMBETIE, EREICIRIE SRR 2
B ~REEI OB X 0 AR T AR BT S s BORTRIETHEVS X0 bTe LA, MR, FiEHsR,
X5, AR, ERHERICET 2RO aRESCRE R BER, B, REREO S E IR AT L
BOEEY & TR\ BB L, 2 0K A TRl L b2 AVREMEAT ST, A CHRAICER 2R D L H 2
L. MREREER F OSRAMRE O RRIC T A BT LA Do RIC, RDUFHECIRERMED KR OITEVERICG X D

WSR2 ODMRAEL - LAAME T 5, B iR STV 2 (Newell, 1986; Rosengren, Savelsbergh,
& van der Kamp, 2003), Hivhb iV EEETE LR OITHE)
11 MIEHEEDFE W, ZOXIBREHOBERVEboToERTHDL LT
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X, CPGs DL H B TOMER Yy MU — 2 1213 TIE7R
<, KIMEEOMERy NU—2Ob Y ZETHZ &
NEHKRZRE I ICEDbND, LoLAans, BE R CIEE %
IR A RE @%ﬁ_owfwﬂwm&%ﬁ I3E -
TEBLT, EBICHLIE O B RIEIICRE OBREIZEE D - T
00, HROTHIBITIREDOFHITREIILD
RoTEDEIITET DD, SEOMBEICEEEZD Z
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2T, ARoOEEBEBE L E TCoORENL,
THERE D3 EIC Ob\f%zf%ﬂ'o FLIR OEBNZEI L T
W HAED B AR S0IIC T CHBEE O BEAME T LTV
< Z & (Piek & Carman, 1994) . TR O BE M OESNL, &
#ar AETHRIFEA L TCOBM, 57 ALUBEE OS5
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M FEER TR S LD A U A7 ek, BRI O
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F IR O T BB K o T LRV, RO
IXHEROBEME & HITHEL 725 2 & (Piek & Carman 1994)
ERPE SN TS, LEOESI BRI
HOEM EEIE, FBEICE B ) MRESREOE (L%
L TWDIETTH D, bbb, FEMHINLIEFIC
Rbis BFRESL. KE T OMEICKREL., BEROM®
WA WO RIS, Mo, 2o 27 aick -
TERENTNWDEEEBEZDZENERTHA S, BEDL
<. XV KAERCEBFER L, FHOMRR Yy NT—
7 TéhDH CPGs DFENPREL | —H X BHEDENE
HEZRTEEN L, RE ORIy T —7 OFENPRENEF
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7eds. FLIR DB RIES) DEREHIICB W TE, k
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(Alexander, Boehme, & Cupps, 1993; Bly, 1994) . H 3 &S|
B2 EREABEHIB W T, TROEBREICET 5 H
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% VLR EIE, WIBEshER OO, EmeF
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bhs Lo d, L»xL., D X5 %nik
@mmmmm)ﬁ%%ﬁh7®fi&<\$%1$®ﬁu
SEISERETHEMEINTVDDTIZRNES I M, TR
OiEGh & EEOEEICE N T, FETERENEDLHIC
BH LTV AT OWTIE, lADHFEIZIHN T E72H
LT ENTWRWERS L WS, BENES) DOEE O EHIK
RO 2 b — VIEEMRS, £V —F o7 R,
BE L D o T e T OTEEN IR E OB 5 A HEE X, FF
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% (Dietz, 2002; Dietz, Fouad, & Bastiaanse, 2001;

N [HER

&
4

T

P03 F A FLIR O H ES ) D 7LDt keE s L USBRIRRE D 36 1=

Georgopoulous & Grillner, 1989), L7=2-> T, ZiLE TE
BRI ST b o e AR EE LN OILE O F
OEE 2 FECBIZT D 2 L T, FRICRE OMREREICH
THRBER/OND Z ERMREEND,
HREEENCHBTOIHEOEDLYICONTELXDL L X &
WO BFRGEBIC LD K 5 REEE 5 X 5D DO0T
DBENROEDDEEILRDTHAH, BRMITERSN
5%E®ﬁ§m\ﬁﬁ&@éiﬁi@%y&iayay®
FCET D EBERLND, Tob X, A% 12D
LT, BLOERRRZAHFA LRI VGEAIC Téﬁ
HIEH OB NERARLL A B EFRATWL L X
I, IBON TR ERRNETFOES (fidgety movement,
Hopkins & Prechtl, 1984) 23 KIRIZIEA T 5 Z &3 @& S
TP%(MWQ&EMWWZWEO:hﬁxﬁﬁ®%@
WHEBEZE T 5 &0 ) FRAHERE D F )Y B FIEE DAL &
%@Wﬂ_wééﬁxfwé t%fWwa@oPFW

DOARBEIZ K DITEVOMIFIL, FEIC LD 2 b u— LikEE
@%é&&@ TR LTWS T%@#%é e, B
%%(%174%)#ﬁz i, ERBRR W

AR E @#Wﬂ*h7# MoE# TR b
%@@ﬁmmgﬂﬂkm:&%ﬁ%éhfm
(McDonnel, Corkum, & Wilson, 1989), £& (attention) @
%2*%7)\ 9110)7% CEHMELTEND kb\o _Oﬁ&i . oE
GBI D REDO%RE LHOEECE T D EE FORS &
WO%Kﬁ%i%Té%@&wxio ARFFE CTILBRETID
T K 2 EBHOLER 2 BT 5 Z & T, AR oML
BT RN E LN Z AL, RO AR
FANICA T V=27 b (BEE—V) & 2R LICGE Q@B
M, T HNERENTORWIES OEENFFE & bl L
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1.2 BREHRED FE
Hfkd4r ABEIC D L BRENOA TV =7 Mmoo
THZRIE L CRA S &2 Y —F o JEBINLE L TE
U5 X227 5%, ZoE#L, FEYHICK T 5 BEEER
178 (goal-directed behavior) & L CiER &h, %< ORFFE
N ThivTW5b (e.g., von Hofsten, 1980; von Hofsten &
Lindhagen, 1979), U —F > 7 i&E@hix, REMZORETHE
BENTEY, 47 ARICBOTIEENLEL TN D &
XY —F U I NELERTDIN, 64 ARTIIEBOR
EMECD Db BT Y —F o FRARRIC AR D . BEGHIE &
V—=F U I IMNL L TR I Rbid X515 2 L
&N TW5 (Fallang, Saugstad, & Hadders-Algra, 2000), Jfi
ZHHEICaY ba—7 5 L0 ) EEEREDFIEIC LY |
FLITIX BAEFE MBS BRIEN A TRIR T 5 2 L W HRRIC 2 D,
ZOZ L, EBEREORENRE T D REEN T
n—FZh| &I L, £ ORRBHEREOFEENMEIND
& %Tﬂ"ﬁb’(b\ Do
BEMLIC KT DiEE) 2, FERFE L WV O BLED BB
Té%@ﬁ&&bf EE— VR U EE OB %
5415 (Rovee & Rovee, 1969; Rovee-Collier, Morrongiello,
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Aron, & Kupersmidt, 1978), EE— /L L EEHEZ0V0H TOR
FTBL &L A 2~4r ADLREZ, MOF X2 7D
BEZELT L TEE— AV EEBNEI ET52 8, £
%ﬂéﬂtﬁﬁiaékwf%itT7’t#ﬂ%ﬂfw
% (Rovee-Collier, Hayne, & Colombo, 2001), #4722 =
K\:@%waﬂiﬁ4bfu%8wwkié%ﬁﬁé
DL LOMOEROEITFHFMCBEINTND
B, ZOLEIMONEELEEOENED L HITE
L TN T 285 IXIEE A ER IR TR,
DE OWHFHEB N E D L S L L T O EBIET D
ZECkY, EPORMMELPIIRZ BNDE 0D Ll
WV, FET, MERERE O E L RARRE DR EERA L TE
CINFETCEI B SN TE I E T — LA
fESRGAOFEEREEL, & D&EO)E@%#%@M\T REtE
D DL T B — /L a i S IGA O IERE A i
:&T\%t&ﬂﬁﬁﬁ%ﬂé_&#%ﬁéﬂoo%&
F L AR S BT IBA O NBGES) DR EEIIELIZ O
TIE. 3WRITENMEMNT > A 7 2 % AV CREBTIC IR L7z

Watanabe & Taga (2006) ’j’db\'(%&ibtfﬁ AWFET
I BREEDA L Z T v a X DER Y — DAL
ZHMEWTHY B 5 Z & T, m%ﬂ%’% WZDWTHRET LT,
2. A&
2.1 MRR

TERAE% 380 0 B (HZEWRF{AE 3,1509) ICCHIAE LS
Ri1sakxtgl L, §7E (%148 (0OH), 55 H (41

H). 82H (68H), 97H (83H), 125 H (111 H). 153
H (139H), 195H (181 H)) ##%LH & Lz (FElAIX
HAFER LR LIZEIEHK) (Figure 1 A), #HIH
X 200546 A5 12 H Th o iz, REFFRITHAKFEH
BFNMBEEESOFRELG ECHEMmL GHUSBFTILR

HRFLHEFE) . WFFE~OSINER L CSCEIC X D Ri#
HOREZET-,
22 KE

Video Processor (MIDAS) (2 & - CHilffl S4172 5 & ik
EFHARIMRY AT %, ILIEM~ > ;b (120cm X 70cm)
OFBICEE L, ~v b EICBIT3EMLOFLIE O ES)
%, 3WITENMEMNT > AT 2 (Motion Analysis Co., Santa
Rosa, California) ERAWTUTVE A LTHMEI LTz, 3T
ZERNC BT DR OEENL, SHICHE L 14 SO
’?HWH (Flgure 1B) DZEMNE BT 5 LI2L->T

Bl (7Y v AW E60H), SHI2, 2BDOET A
W%?Kiof%ﬁ@éﬁ@@%ﬁ%ﬁﬁ%i@%%ﬁﬁ
MHEER L, F1BEO/NCCD I A T2 L > THIE DB
m (B E &) 508k Lz, Ko~ —T—i%, BERL1.0cm,
ﬁ*mf%@\ﬁkﬁouﬂémﬁbtk BCIEE LT,

=ty a BT, FLEOFE 100cm DAL
BnD, TE—/L (£E60cm) & H @ T, ENZEho
FEE—E, BOOWEARROA TV b (B,
Bl Lo 8ME, &5 16 TRERL S LTV e, HIRDIE

;AT —LOE)X 5| & 29 “connected period” (235
W, ROEFEICOLEZEE L, ObORKHIEZE

E—VICEE LT, ZOFREICED ., LR XIC
L oT, THE @B0F) 2L bo TEE—/NEIN,

2.3 FE
ﬁ@i ST 722 RAE T HLIR 0 B F8 i Eh 2 35
4 (Figure1cC-1) &, %! %@FEJ: TE LA R
l/f’b( ECILIRoES & 3 5454 (Figure 1C-2) @2
SDE v e /ﬁ\%i‘%ﬁkéhfk\to

BRESE v a v  ILENREELTEY, MECT
@ﬁ%%ﬂ@%ﬁﬁf FLIR OEEh A G U7, FHHRER
X, AROREIKFE LS, 206 L I3 DE vy v a
Ve L CE SRR L,

Er—NEyTarikyvast, 6V AR (P) M
LR STz (Figure 1 C-2), KFd P1 (baseline) .
P3 (immediate retention test) . P6 (delayed retention test) |
“unconnected period” TH V| HLIROHEDONTILOEML
B, EE—LEHEFE L TWARWREEE L, F. P2
(acquisition) . P4 (re-acquisition) (X “connected period” T
b, WEOEFLEE—ANROS CTHEE SN RIES L
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“unconnected period” TiX, FLIEOHH LITE B —/L AR
BEEIATWD 500, LROKOER I L 5E L —/LOiE
B (BLOFHE) (34 L7y, —JF “connected period”
TiE. ALIROBOEEDRREIC L HRVEE— /L DIES)
(BLOERRE) »AER, 2L,

EE—/LE v g Ui, “unconnected period” WX VB
mE N, ZOE YA R (PL, baseline) 1%, FLIZOEE D
R=ATA L EPET DD uﬂﬁ?éﬂt%@f&péo 54
WT, AREHLEE—ALEZO0LTHEBL, 6 7MO

“connected period” % ZZfi L7z (P2, acquisition), % DE#%
(2. 247 @ “unconnected period” % Efii L7= (P3, imme-
diate retention test), Z D E U A RiE, BfT9 50 4 RiC
KT DEBRFFT A M E LTEMIT HND, VT, 4k
@ “connected period” LR CHFEH L ELE—LEZOH TH

WS L, BOBEBX NEE—/L 08X 24 S8 5 RN T,
P 2 431 “connected period” % 3EfE L7= (P4, re-ac-
quisition period), Z® X 9 2HEE X 0%, HLIEEE
BEHAAE 7 ¢ —v MOMCB B S &, (REFE OO LI
NIZHREETS Mo FHE Y A FaFEMmLE (P5,
interference), ~ DU A R TiE, EE—/ & %F%{—ﬁd)ﬁilj{%{(
(FBAW) %, EREICLHDAR~DOFEV T ELEBIC
mLTz, THEDARKTH, BOWLE %Jﬁ@]aﬂﬂﬂﬁﬁ
T 4=V BB S, 25D “unconnected period” %
Fhii L7= (P6, delayed retentiontest), Z D E Y A KTk
FE—VEIRESN TS OO, FLIROEEIZ & bR
ZTNONRE 28T ol Thbb, ZOEY A RNiZ
BAERFFT A b & UCMERT b,

B, Bty a B AT X (X, Watanabe
& Taga (2006) ERIEEDOHLDOTH B,
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[A. Ages (days) at the expennmental days]

Ist 2nd 3rd  4th 5th 6th Tth
14 35 82 a7 125 153 195
)] (41 (68)  (83) (111) (139 (181)
- A | | |
0 50 100 150 200
days

[C. Experimental flow chart]

C-1. Spontaneous Movement Session

X

3-9min

I
X

C-2. Mobile Session

2 228

I
A

——————cccacmacaacnaa @
Penod 1 Period 2 Permd 3 Pm'md ri Period 3 P‘mu-d 6
Baseline Acquisition Immediate Re- Interference Delayed
test  acguisition test

Figure 1: Ages (days) at the experimental days, a marker setting during the experiments, and an experimental flow chart.
(A) Ages at the experimental days of the participated infant. The digits show the ages in day after birth and the digits in
parentheses show the modified ages calculated from the expected date of a birth. (B) Schematic of the experimental
configuration showing the location of the spherical reflective markers. 1. Face, 2. Right-shoulder, 3. Right-elbow, 4.
Right-wrist, 5. Left-shoulder, 6. Left-elbow, 7. Left-wrist, 8. Epigastrium, 9. Right-hip, 10. Right-knee, 11. Right-ankle,
12. Left-hip, 13. Left-knee, and 14. Left-ankle. The infant in this photograph was 14 days old (1st observation). (C) The
flowchart of procedure. C-1 shows the spontaneous movement (SM) session, and C-2 shows the mobile session.
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Figure 2: The two-dimensional trajectories of the right arm (RA), the left arm (LA), the right leg (RL), the left leg (LL),
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and the epigastrium (EP; Mizo-ochi) during the spontaneous movement session in each experimental day.

HEESFRO HALe, FRiC, FeMEA. F7EIA & HilmdE <0 (P oM ISR EE S, F6REIA
Tl LT T, EHBIOEMEMEO R E V BEE STz, F RETEIEOWHMKICA LN FEEREDOROE L E -
A & TeEERN L, PRI 0SS (EP, 7 LA T TR, SLEDRREE ZHFMICE L EFTns 2 & &R
R) OB ACESFAICEE L TV D Z D bitAalb LTW5, 2B, R—BEA BT, B EREE
TLENTED, E-. BeRBLKIE. B (L) ZUT omnARDOLNDEGH oA, EE S =D LD
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ERBLRLEL TN,

SEEHICBOTBETE EREHIEHRTH 5. FHl
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THFANERNZ EH 90025, SEMLE F & DT EE)
HEEICBIT 2 1552 L O EEEEICRE LT, Az
K& L7 m#mott (ANOVA) Z5EfEL7-L 2 A, Hilnd
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HOSEEEEEN, F72F 3R IS TEL4REDID
HIEE O ESEERFEICENZ E R RENT
(MSe=220.11, #H1FEB LFEAEBLIOE20A LE7
BRI, p<.05, TNLSOLIEEIZp<.01), 72, 52
[B] B2 e~ CEf 3 (8] H O -2 iEEh#EE 3A B IRME A 23
LN (p<.09),
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Figure 3: Mean velocity of movement of the limbs during the
spontaneous movement session in each experimental day. The
showing marker points are the right arm (RA), the left arm (LA),
the right leg (RL), the left leg (LL), the epigastrium (EP), and the
average of 5 marker points. The horizontal axis shows age of the
infant (days), and the vertical axis shows mean velocity (mm/sec).
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A. Baseline ratio: Acquisition (final 2min)
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Figure 8: Baseline ratio of movement of the limbs during the
mobile session. (A) Baseline ratio of the limbs in the acquisition
period (P2, final 2min). (B) Baseline ratio of the limbs in the im-
mediate retention test period (P3). (C) Baseline ratio of the limbs
in the delayed retention test period (P6). The mean velocity dur-
ing the P2, P3, or P6 divided by that during P1. If the infant moved
above its pre-training baseline (i.e., baseline ratio showed > .1.0),
this was taken as evidence of learning (P2) or retention (P3 and
P6). The horizontal axis shows age of the infant (days), and the
vertical axis shows the baseline ratio.

:—‘»312

BB WO TR O MU O S ESDE FE DO HE N8
BV, FTT DN — T FEE DN — /kl’l?l‘%’(;!bo
oo TRDbLEHEARBBIOESERICBOTEMEEE
DY) EB) R E OHEMBFR D H v (FrFIZEE OB A
%) . FHelnl BB W CIA RO ES) 2 Mt o> I i 00 X iES)
HE L X @D o 7o, 5 4y O MR AL
FEhi LT BIEGRFF T 2 MBI L TR, 2B AOFHHIT
HoTmbDOD, FHeREHEIZBWT, SR X ONER SRR
T A Mg L RIFEDEEY X — 2 (AL S 72 ES)
MRS, 2B, FBXZOLONWN L7253

N [HER

&
4

T

P03 F A FLIR O H ES ) D 7LDt keE s L USBRIRRE D 36 1=

E B IZBWTE, BIERRET A MW THER—R T 1
VR LIEETHY, ZoZ ity va VIR EL 2
5 Z & BARDNEEERIC EEIEERYEE OB R A T b9 bl
TN Z EERLTWVD,

4 EBE
4.1 HIEHBEDRE

LR H 3 EE ) H 15 5 N - UEGES OB, 421414
H (B0 H) I2BWT, Elizm< BiF, FHmICESE
WD EROBBED L & OEMRES N E T L AR
LTW5, £D X H75E8E, ZO%OBETIIRD BN
T HOBIEIN-OEFEK 1250 (BEL11LH) OBs
BCehY, EZ0% 1958 (B 181 H) OBLHIA I
TRV ERICR DR RS Tz, &BIT, 153 A (&
E139 H) DRBIZEW T, FTHEGEB) OB L BEE CTH
%, [FREOIENZE L, O FHESHEE BN TY
ﬁ%éhf@oofﬁb% A% 82 H ((BIE68H) 2 U
FRIOKERD TREHEEBN I E OB BT
(Figure 3), ‘%LL%@@@J 2B D UFRORENEIL. T
fie o> BRI O 1EB) D FHES A FH <72 Thelen (1985) D,
VU i S Bl D L HEME A FERRIE TINEIC X 0 RET L7 Taga,
Takaya, & Konishi (1999) <°%% (2002) O & —F§
Do Filo, UFRIOEORH D%, EBYHE L ORIN) 2B
WCHA, A% 1250 (BIE111 ) OBEEHIIE—71C
HELTWDHR, ZOREOEBIBNIFEDHIICE L Eo
TWDZ ENFND ‘*ﬁéﬁlﬁﬁ (fEIE 139 H) =4
%wsa(WEmla)@ﬁ THEE T, EOiE
B OMERF & & BT, *i*i& = [ 37 {8~ D DU D
BB I, IO O/RRIT. —HEHORDN RS
NIk, HEAEMZEE) OB AT U A T,
Z DBIEBOBHEMEIIND D &5 BEMELEZ R LT

-
[

b, ZOXHRENEE, FLIROBRERNICKIT D EE
F@ﬂ@&&gmﬂ@@ EIZRIC L > TREENZHD
DEEEMENREZ 2 LD,

ﬁwf\L%&T&®ﬁﬁmomfﬁ%¢50E%@ﬁ
A S - MR oE S o RIFFAEEICEI LT, mileic
BOWTCIHAEREEORICKE RELBRD Lo oD
WZRLT, MBIV TIXERITH ((BIE83 H) Dl
TREMeEREZR LT (Figured), F-EE—/LDERIC
t%&o$ﬂ@§@ﬁ@ﬁw»%b%ﬂt@%$&97E
(f51E 83 H) DL ToH - 7= (Figure 5. Figure 6), 7:
\:mﬁw@%ﬁr@ﬁwié%wsawﬁmma)m
BOTIIMTHEES >7-b00, icBWTidiZoxbh &
L7 TFIERO oo iz, £7-, EE—tEy v ay
WBWWTIX, £%97H ((BIE83H) BLX UM% 125 H (&
E111 H) IZBWT, FHIC K 2 WAk @ s e
DOEIDBFED BT h, & ATHOBMER K E o7z
(Figure8 A), = L CAE% 153 H (fEIE139 H) 1BV T
WIS L OVE B — L3RS ST W EE O Y EEh R
FEDBIMNERIT AT, B —/L &R U= Ao &)
B DEINR AR B E 2 & 2SR S iz (Figure 8 A)



Hama Watanabe et al.: Development of neurological and cognitive functions: Knowledge gained from the observations of infant body movements 55

3rd
82 (68)
P1 P3 P6
Baseline Immediate Delayed
test test
RA LA
EP
D e9 eI
@ gI_L 4P & ®
20009 5 4 :
1000 .

.

1A ) ]
1000 - - .
*EZDIJD—RL 9 5
£ ] ] ]
_%ﬁlﬂﬂﬂ- -1 -1
a . = =

2 bl ol i
2 LL ) ]
1000 7 N N
M7 EP ) ]
ot il

0 60 120 0 60 120
(sec)

(=]
=
2
B

6th
153 (139)
P1 P3 P6
Baseline Immediate Delayed
test

Velocity (mm/sec)
- & 8. 8
= | L y 1 | L y 1 | L y 1 | f\
] E

FFFEE

0 60 120
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Appendix : Observation records in each experimental day.
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