Quantitative Analysis concerning the Movement
Elements of Musical Expression in Early
Childhood Utilizing Motion Capture

BEE:jpn

HhRE

~FHH: 2016-01-31

F—7—NK (Ja):

F*—7— K (En): body movement analysis, 3D motion
capture, quantitative analysis, musical expression in
early childhood

EZE: SANO, Mina

X=ILT7 KL AR:

=¥
https://osaka-shoin.repo.nii.ac.jp/records/4034

This work is licensed under a Creative Commons

Attribution-NonCommercial-ShareAlike 3.0

@JeE’

International License.



http://creativecommons.org/licenses/by-nc-nd/3.0/

RIFERE 2RI FEAC SR 6 & (2016) k75 3

EF—Yavte TFv—Z2RHWHRBAOERMHRIRICEITFS
HEDERICETIE=

UER: 5 (VAN (e S R it S S S

B COMEOHNE. BDE—vYa vF+r7F v+ — MTw YZX 74, BLEEMVN ¥ 27 4) 2HOVIEER
Frick - T, SO ETHEHERBEORHERVWHIT I L TH 5, 4%%&5%%@ﬁ%%§ﬁ*%ﬁéﬁﬁ%mﬁ
2T DRBEETITO NI, £ DFER. 5ikIA BEIEEME B X BB EIINEE I 3 2 A S I 28
HRLUTe V) R ADERENICEIL T, 5%%@%%4%%&@émkbfmé&%KEMKoéb_\ﬁﬁ®%£bé
E#Mofhicxt L cohn, mREEBEORJAVSE L TE D, BEIPEEE S X OBEPEINEE O ESEH» - 72 3
5 EITERINLH EZOERBUTA U IEE O S 13, B EEE R uwlis N, £/, BEEINEE
BT 2 MTw ¥ 2 7 2 OEIERF» &, BEORAEICE T 2 5RNER BT 2820 EROE (L Ruiiah
7o

F—U—FIEEEN. 3D E—va vF v TF v —, ERNSTT. SR OE R R

I @Lsic t ik & = DFEREFERIC OV TN B,

FHE. O T YIROERERI & HROEHR,
ERALOER, BEOERE V- S OHEZ 28 I WMEOEEMHAERORLLEBZOBRELCHD
SRR AR & iz Lc BT, BRNERER 7 2 7 bé%ﬁﬁn@ﬁﬂ

7 LEBR LT, TDFEBEEEOENINE FITITV, W D EHENFEER O & B & OBARMEIC A 2D
ZTOHEBMNRE LT, BRNEEZORMICHET 3 5@% . FHIT O & S BRI S H SN 2 h
RO EZ RV L., 51T, HRRELE T 2 FICERMIFRIC L 2 EENSTBR SN S,
FEZRL T, BRENEEROREBE T ERNICEA BHFRICAEENE D& LT, MIROEREREER
LI DHEET AN EEL LI, TOHEET X b DHE DFGEICBIT AEEICB VW TEH X A2TRD ) XLITH
il o ﬁ%%%ﬁﬁ&fuﬁaA@ﬁﬁﬁiU% b sHEHIc> VW TR (Moog, H., 1976). &
BEHi#% T HB AT LT NILb 2 DHEEK T 7S HOERITh PO BFET 075 6 E LT, FHE
L DRNFEIH S 9T Lf%to FROBHATFEHOBRIIBVTED S LR L

ZTCTHIREEL > oD 3, PR OEENGER 7217 (Kemple, K., Batey., J., Hartle, L., 2004)

ENOF & SN ®§%@%§t@%Mﬁé%bﬂ el R TN T ANy F S PRERR N S B
B5lLTHB, bbAA, INFTICH, PROFHE JNIAT 4T e A—=T A v s OEEMAIEN L 0
HEICB 2 ZOEEMII, S0 -9 F Ny KR S5N1 5 (Marigliano, M., & Russo, M., 2011),
0 —XDWREBRLILEAHICL > Thigfiasn T I 5IT. 79 Lkl 23 R85 o 2.eh R
ETWVB, LLEhs, £ oBRMEIC > W TR B 2EEM, FFREEC & ORI LT OiE
AN T 5 7o DBARE AL, TaiciETs & (Prikian, R., 2010) . ¥R OHEEERICBIT 5
NTVBEEFEAL O, HFHoa—-rfbticksanthrdAons (Custodero,
AT, ThETHFRIKEZAOSNTIBM 1Y) L., 1999, 25p.), YR ORI LSEIEICL>TY X
ROBERNGEEZORF LT ORRIEICDVWT, & IANTRT LA A T7OITEHAPEE L TR N
DEFFEICR T HEICDVWTER LILWEER B, £ ZEERTHH S H S (Thelen, E., 1979), € D—F
eIz, £, YR OTHIFEER O LB & DB Ty —EDHN VXA, 2B F 4, TYREDLSI
RIS b TR A L. RICEZFOEELL TR ETR I BEHEE B 2 FLah LI o Sk

— 133 —



EESE VS HBELSOME L H B (Geist, K.,
Geist, E., & Kuznik, K., 2012), £ DSEIZ>WVW T,
AT —ADFI =y JICESVWEFE T 0 s S MLE
H 1RSI L 72 30 4 IO BFHIEE DT 2 Mgk -
Ty TOBHEHEZEEHEZ L TOWBLFEGELD bHEI
BV ENERMOITTRENTV S (Geoghegan,
N., & Mitchelmore, M., 1996),

IR OE, 1. U R ey — yEIIHT BBAS
A2 L &5 LA onTEoid, FIERIINE
KTHoteo TR BERTLARD ) XLP A B
74 %A+ 5 2 & (Hannon, E., & Johnson, S,
2005, BDE—vavF+7F ¥ —IitLB, 5~24D»
HREMNEEL D b FRICEbE ) X o @B SR
DHBEFEDHITKIET 5 T EDWFIIRBET Sh
% (Zentner, M., & Eerola, T., 2010), B = &%
& ORI S B RICHEA s N 5 EF D~ b o —
WY AT L EBHNTOVWTDEE (Zatore, R., Chen,
J., & Penhune, V., 2007). K-> TW3HAERD k5
LD XL BHND ERP KIGZRITE L. HAR
DHA T 2EEOMEHMS 5 2 &R LIcFERS
% % (Winkler, I., Haden, G., Landing, O., Sziller,
1., & Honig, H., 2009), % 7. REHO 1< H 2 M55 5
F 2 P D BES) DIt I BB O IR 18 UG &
L COHAMENETETH 2 & DIEHE (Trevarthen,
C., 1999) <. E@/ MR OMEALEHICBY 53Rl %
FERPIFRIC K » TRE NI b DB 5 (Tood, 2007;
Phiilips— Silver & Trainor, 2005, 2007), #iT% T.
BRO & S AEE) & ORI DB SEA D IS
BEERAGEIIZ 3 E A D - fe s, FLRMIc L 2
AE=FILLB AT T4 ) XLy — v iBikd 5
T EMFEBIFRIC X > TR& iz (Phiilips— Silver
& Trainor, 2005, 2007 ; Trainor, L., 2007, = 51T,
REEF DA, FBRPITEIO ) X L OB L T
gy By SHEAERLE LZFEDOEE (Repp, B,
2005) 7 > A WO S AEF) DFEER A ) X LGRANCEEE
B AR R e g T L AR L R ERNIFE S BT 5N B
(Phillips—Silver, J., & Trainor, L., 2005), ADkk%
BERICEDEE 5 v £y 7 FEOFERP (Mcauley,
J., Jones, M., Holub, S., Johnston, H., & Miller, N.,
2006 ; Noorden, L., & Moelants, D., 1999 ; Drake,
C., Jones, M., & Baruch, C., 2000). ZF# 01L& 7~
K2 TFllT2T71vTY XaDHrdd % (McKinney,
M., Moelants, D., Davies, M., & Klapuri, A., 2007),
AP EREDOHBEZE N THZ TR 2MEICH 5 &0
9 EEFE R 00 (Rankin, S., & Large, E., 2009) i<

— 134 —

XoT, 4iicE. ARMBEIZD T v REY XA
MEHH 2 EHE 2 d 5  EDHH Sz s ic (Provasi,
J., & Begue, A., 2003), Z L T. %3Sm0k
CBOWTHIT RS 2%k TETHRNBHZOF

v HOTRACH BT v EEODE B &\ S EER
#E (Kirschner, S., & Tomasello, M., 2009) 237~
INTW5B,

D EH T, PIRDOTHNFEZERORFICE T 2 0
FDZ 3, FRNIDKETITbh T& /D THh 5,

ZHITX L TEE . SR OE RIS ERATR Ik
SENEDEROEEMEEFRE LT, BHEEHE LT
WA XA 3D E—varF eI Fr—icko
TERMICHEA 5 2 & T FERWSRETETVWER
IR TOT 2TV I WEEZ f, ZDIDIT,
3BDE—v 3 v bIyh—ZERICEROHIE DO GEK
KR T 4 R b5y FTREEL. T DYIEDOH) &1
BIEHOPTEDLIIZERLTHL LOBEEIZO L
TERNMTEIT) CEEFEATL, 3BDE—Va VT y
7F v —OEAOMHER . B0 OFINT 5K
JIRDFEER (Zentner, M., & Eerola, T., 2010) <13/
SNIH. TNE T, PROFEEOH) & 2 FHH DA
TIADZEIWWFHAVWONTIHE T, IHIT, I
ETRE, E—va vie vyt =20k oENITH
DHG] (& « e « HH « Fira 2004) b 5D
ERHGEER O & IS 2500 & OfTEI T O
WRETH B, £, N bV EBFRIIADETRZUA
DEFHExELED O —H— 1+ F v F v 7 TR BER
WEIC K 2 EFHRAE L v 27 L OF% (Shintani,
K., Yasutaniya, T., Haga, H., & Kaneda, S., 2007 ;
THK « B ARA - Fry - 5E - 2H 2004) b B
N, T 3L OYRAFRICEDE TN V&R
3[R 5N 7B &> W CEBRFIIRI T & i
HTH b,

—J s SR BT AL Tl SRS P EE),
BIEOBER L, HENDE—VavF 4+ 7F +—D
BRI SV TG L AcFEN R S 5, SEEE O
BEHNCBI L Tid. ok « i« S (2010) AT -
BA - s - L (2010) OFEREF B sE— v a
YFE YT F v I KBRS INTV S, . T
=A—va MBI AR E—va v F vy T v —
DEIREE DR (i « LM « iE « 55 2008)
E—vavF e TF v —DF— 5 S ERENTEE LR
TE5FEERE LR (hE - A5 < b 2005)
ENBEFOoND, BEOREII 7 L — £ OffiHIcBIL
Tid. /R (2007) HE - (L (2006) S OBFFEH



EFoNb, a5ic, ik - PEAH(2002) ik 2¥T84
[#HZ3IR O F 1 O AL EFHRIC B U 2T RGRERE & KRR
S & DTS B HF9E. ik « (E)11 (2012) T &
% 3Di HEM OBHFE. AL - SFH (2011 18k 375

v aEEC B B EEOBEEES RSN TV S, M
FTE, E=—vardF+7Fr—A2H0T, THLEH
SORARIEIC DLW THIEL, BEoREEMI L &5
LA RON B, HL. £0 5 g O
Hkbrb0Thy, TPEENRLELL DT
73\ (Burger, B., Thompson, M., Saarikallio, S.,
Luck, G., & Toiviainen, P., 2010, 2013; Burger, B.,
2013),

FRLOBHE T 2RO 5. VTN O bEF
BRISZ Y DA VI OO N # 5 %HH LD T
LZEBRIVSRITITON TV Ebnd, Lhb,
TEODE—Y 3 v+ v 7F v+ — 2O, B
A ZONS OHROFHRARBOER L L TOF &
BT 2 boRHEENTVIEWT Ehbh 5,

ZIT, FHE, 9, TROREAEICE T 25D
ZORTITHON 5 HFHENERINESLL T £ D7EF)
BRRICH T 2408 & OEFAMKGERICHIE L, &
BT EITS & & L

I HEOBEMERE

COMEOHI I, RO ERNRIFICE T 28 =
DEFICOVT, Hicd3D E—va vF+ 7 F v —
W IZEIERRITIC & 2 ERIIATTZITS S & Z2mL
T\ YR OEAEERBLOFGENFFEEH S MICT 5 C
LThHB, TDIHIT, FEIE. YR OTRIEER
DTG DAL L [EIRFIC, BHEMTIC & 5 BRI
& - Ty EEVERLERENERIER T 07 5 &
DHERNRITOWTRILT 5 2 &2 EZ 1,

ZO1THEHELTO 0I3EEICBV TR, RO K
S E D% & -1,

T, MBEEEOMBNL URER GEOtLo
tRE) O3k 19 %4, 4k 18 %4, Skl 21 4 &
K RER (EEERLAOTEEHNE Y T v v =Y -
AV oy FORE) O3 19 %4, 4% 21 4. 5%
R19#EHFHE L, HOL0FRIEF)IC>VWT, &
Howla & a0 2[E9 o, ki 3D €— v a v
F 7T v K BEERET 2T T2, TOHAD
DE-—VavFrIFr—tid, BELITRLIE
B, MTwick 374 ¥ L 20/NliED 3D € —
Yavh Iy h—% HATOKYIITEE LT, R
KEHOMBISH L TITS bDTH %, Thid Sl

— 135 —

PR, s D 3 koL T — & ZIE L. HARITE
FRET. RBENTOYILEIC X 2% DE) & &L
ERRABEICHZ 26D TH %, 7 ORIEMEDOHHT
WRIF, IEETH 7o MTwWD A L7 L—2417
160 Thb. 2054 47 L —10BETEE AL
7o

HER 2, U RBERO 3 5%ins 9:30~9:40, 45k
M 9:40~9:50, 5 A 9:50~10:00 TH O, KHRE
B D 3 kA% 9:50~10:00, 4 7% YA 10:00~10:104
5 10:10~10:20 & W5, ThENEHIT-> TV
B OLEDOBRIHTH - 2o REMOIIIZ> VT,
EIORIERIT 5 v 7 LT E I 72 5 ADHIE S 1.
U RERE 13 [45. KRERE 14507 -4 K155
iz, oI, 2013 FEERFICE. BEBIA B
PREEA X 0 BN B - olc, BE 212k L MVN
DYRF AP LIz MINDS A L7 L —41F
1/120 W Th b, 20 44 &7 L —LDBEFE%EH
Wiz, MVN 2o W Tk, RiEORWIIR T g

MTw E—> 3~ bS5y h—%EHOD
KIREE 3mE

BE1

EE?2 MVNEEROKREE4IRRESBRE



WECTES, WERKMZET 5 C Licit AR 2911
[Roncwicicy, & 249 20 5 ki a2l
ERRE LT,

Tl FilOHEREGOERMERLE LT, 3K
5 L DFEFRT 2 & ORBUCEHT 2 B EMNT DGR
D—iR% R

V. BREER
1. MVN ¥ X5 AIZ& % 3D motion capture = /c
TICHESHEOBERIT -4 RIEL b RRDER -
WHom (G lLvwoiagEob) (22 Widsd) B
L T. moderato DHE DR ICHELE TRV, Th
ARSI NIE S DEREZRA T,
M1 &EK2 &, 201442 A 6 Hic K fREE WA
(OnLVwokE-2) 2R FWWHELLEIZOD
BEHRTH 5, X 31K L7 4k O EIEEE
0.364m TH v K418 L7z 5 OB EFRRE L
0.467Tm T & - 72,

22011 ]
0.025
3
aka
| 0
3 007 -0, 005 003 002
s o , ;
>
005 X8 1L)
K1 4®ED (3nLLOEEDY) ORICHTS
B = OB B
BO
0.15

Yid (A—FIL)

01
004 0045 005 0055 006 0065 007

X# (A=)

0075 0.08

K2 5mED (SN LWOEEDY) OFICXT S
B) & DB ENHLS

— 136 —

BEEY (446710 —41/6F) #HEICS>WT
3, K3 EX4wRLicEBD, 45 0.0851m/s.
5 0.223m/s T 5 kO RARFIEHE HIE D -
7o

BYTHEE

01:25:01:076
01:25:02:061
01:25:03:046
01:25:04:031
01:25:05:016
01:25:06:001
01:25:06:106
01:25:07:091
01:25:08:076
01:25:09:061
01:25:10:046
01:25:11:031
01:25:12:016
01:25:13:001
01:25:13:106
01:25:14:091
01:25:15:076
01:25:16:061
01:25:17:046
01:25:18:031
01:25:19:016
01:25:20:001
01:25:20:106
01:25:21:091

3 ARBEOBENTIEE (HRAFE0.0851m/s)

b1 Fd
BEFHRE
0.3

ﬁoz ia

-

= 0.1

e

| O::::::::::::

R g ddd ool
G h & ¢y dh dh h h h
I I R R B B R RGL
o e T s T O O s T O O s O IO s O |
Lt TN e T e TR SO ot T o T e T e O o Y e T e T e

4 EREOBEFHEE (HKIE0.223.m/s)

BEEY (446710 —41/6 ) NEEIC->L
TlE. 45% 0 1.5694m/s?, 5l 1.58m/s? T, DT
IS RBOLWBREVEEE 72 - T (K5,
6)o

BRTHNEE

(¥}

[
wn

-

=
in

i

rA— kL EPED

5

o

01:25:01:076
01:25:02:061
01:25:03:046
01:25:04:031
01:25:05:016
01:25:06:001
01:25:06:106
01:25:07:091
01:25:08:076
01:25:09:061
01:25:10:046
01:25:11:031
01:25:12:016
01:25:13:001
01:25:13:106
01:25:14:091
01:25:15:076
01:25:16:061
01:25:17:046
01:25:18:031
01:25:19:016
01:25:20:001
01:25:20:106
01:25:21:091

X5 4REOBEFHMEE (RKIE 1.6694m/s?)



A7

BEhTamRE
2

& 15

ﬁ 1 I

-

-

ke

[ 05

A
0
NN e NN N e N NN NN NN
N0 AN NN AN 0
deeedeeedeeede R ed
D MU ANS WO N NO NS W
S8egdddonuNNaaanag
O O O O O h O M O (G 3y O h
o od o od o o od od o o od od o od od o o o
OO0 00O 0000000000 OO

X6 5REDHEFHMEE (&AKIE 1.58m/s2)

X3, K4 OBETEERED 7 5 705, 4iEND
B EEEE A — I BV oI LTy SRz
TIREE L ANEE R S,

7. K5 EX6ITRLIzEBD ., BENEENSEE
7570513 4RBIC 1 =2 R o,
S5EEMICIFE R L TLE L TR E = SRR —
5/ NEEIERE OYRIEDS B S N o BB I
BIL Cld. [EEOSEN. URBRE KRBERO Z
NN 4R E 5RO 5 %D MTw ¥ 27 Alc &
2 ERE S 5 B L 72 60 RO SFEfEIT >0 T
tRIEZIT - 7o T DFERL 5 %/KkEET, URBRTIE
(t(8)=4.927, p=.00D). K HBEETIZ (t(8)=2.705,
p=.027) THEEVRLN, 4EREL0 b5EED
BRI O EEDO G0 T &b - 12,
O LIRS, 4K 0 S 5B N, V)
LT T BB ORE D AR L TOVS T ENFRAI
Ni, TNEL ) R LRID K 5 BEEIFEEZ DR
A SRR IS IC BRI B iRoB EiIck -
TEIAT 2L EDT, HENERHICBT 28 =
DEF DAL, BEEIMEEOLLE L TN S
rHThHhb, KIFERE URERO 5 % k4
e, BEOy — ITHHML E A RS hL

2. MVN ¥ 2 7 & OFEMEITIC & 5 K & R O HK

TOFZDORBEDAR

BFEOH (D LwoingEo0) (LEF=E0E.
FRERIERD (B2 Badi) LRMOI (6BoE -
e A) EEEYIEEEL) G1MEtE) &0 5o
WEFE 2 o MBS > W T3, # 0.467m,
R 1.818m TH 0, B FEHHEL ORAMICOWT
(3 K278 0.223m/s. K 0.2090m/s\ B &) - s
DERMEIZTOVTIE, f#H 1.58m/s% K 3.8140m /s?

Thoteo KT, EHOM (bBo&E57A) @
Wi > THEU 72 U RER 5 kK OB B2 7R L.
B 8 I B X 9 IS B IIEEL IC S W T
R

B
~0.2 -0.15 0.1 -0.05 &)
2
T
3
Z }
P
Xith (A— L) o

K7 RHAH5D2&ER-TA] LT 2ESE
(kTEENEERE 1.1818m)

BETFREE

&w

B 02 f

=

Z 01

‘KO: - - - H
dddaddnmnn
A O O O O O O v O O
TESTTSTITLTLTSS
O 0O 0O 0O 0O 0 0O 0O O 0O
O 0O 0O 000 00O 0O 0O

X8 BETHEE (FRKAE0.2090m/s)

BEIENEE
4
ﬁa
2 f
&1 |
2 0 T Mmool
| oSS 238%90aa
“f\ O O OO O Oy Oy Oy Oy O Oy
DS ARS S A H  H A
O O O O O O O O O O O
O O O OO0 O O OO O O

9 BENFIHMEE (&KIE3.8140m/s?)

Z 1, SmiloftoEE 2T 28 X 0%
FIIOVWT, EHLAbDTH 5,
FZLIWRLIcEBY, BFIOET 2 0GR ICE) =
DOERBEMELTVWD Z EDbh -t BEIENEE
RAL T, EHoBITKd 2 FE D A, ok
KR LTEDBREVT EDNDD T,



®1 bRROET - EHOTICHESTZIDERICDONT
LBk WREBE BE#HTYH BB OIE O
B M BEEEm) S m/s) HE /st 7R B3
(%) e KA e KAH X

& 32F 0.467m 0.223m/s 1.58m/s’ 4\

D]

B

FE 31# 1.818m 0.209m/s 3.8140m/s’ K

#

)

e

* WIHORLS>N L VWO BEHO Y>>
EHoH<Lbb XA

3. S S LICHESEEDORRICE LIMEEDHHT
MTw 1 & 2 HERERICB VT, NEEF — 7 10&
HU7, 2T, KIRERELEIEICE S (HhL v
5 —=—7) GFHBERIEE « fmEARTEH) Z3K-
e XU B X IcES L L Tk B,
(M) MTw DRIETHELNIILEET—4 DE{L
KRERELEEICES (hLvy—<—F) (FE
HE moderato) 13X L CRodkx NAcMEEE 3. &K
{E 2.296m/s%, &/IME-1.362m/s%. F¥EE 0.0417m /s?
Th o1 MTw I 2EED Sl oF) X 1cBid 5
F =BV, SEENRINERE T - 7 iE. K100
EBDTH B, 1FONINEE T — 5 DELITO VT,

ERRNCTEFREBEENELCTBY, W 2hDF A 4
T LU= ATIEREEE, dL0RIEBEFEIENSR SN,
T, URBR4REE SR04, KEEHR
4R ESHEBOE 441t >\WT, MTw i & 3 HIE
fiti 30 WO EIc>WT, t MEZET-7o TD
fEH. 5 %kiET, URFARETE (t(8)=3.065 p=
015 KRERETIE (t(6)=2816, p=.03) THE
MR LN, 4RIEED b 5REO PO LM E
KEW T &b ot, &5IT, TONMEEF -4 %
ST e B 1cdic, i H OB T 21T - 72,

(2) MEEDBECHEBEST

B 11 1R L 7o T o s o B AHBIA TSR X 0 |
FICHRE U 2 E H S h, o JE A -
TWBZ EDHAINI, 5445710 —2410 DI
THOHBENKELB-TED, T— 7 BW01TH
(60Hz) HAAI D HIMEAEEE TH 5 T & Db h - 12,

H BB R, kD &EB D &L,

1
(n—k)o®
(3) BEFEHMEEDRMEREIZONT

S S mAHBIA T 21T - 7oo FEREIK 120 E B
TH Y. RHBIEED Sk - 1o
4) RRY MV
IEEOZEcEENS b LY Ry B, 2 1 X%
DRI TSR AT B 720, RI13 1TRLIEB

Rk = PTG ORMAIVCINE

KodomonaieSyr

T T
o 1000

T
2000

Time

T T
3000 4000

B10 KREESRRICES (HLYs—7—F) GHEMXIER - BEARTFEM) (C4T3HSOMEET -5

Acceleration

02 04 06 08 10

ACF

777777777777 JJ}{LIJlFI1rI

402

00
1

& 11
INEE D H S ITHER

138 —

KRBELIRREICELS (hL V¥ —v—F) GFHEXIER - BEMXFEH) 4T 38HE0



Series KodomonoleSyr

g
& 2-
R
a
=4 IZI.ZI‘ZZi::i:[::[ﬁ}:fiiiiixZEIZ{ZZ,ZZI;Z.’ZZIIZZCIIZZ}ZZ;IZEZI';”5”IZZﬁI.‘.IZZZZiZZZI?ZZZZZZIZZZZZIIZIZ
Q 5 10 15 20 25 30 35
Lag
K12 KEBESWREICLD (AL vy —v—F) CGHEEX(ER - BAMKRFEHR) (CXHTHBE0
IEE D RS HTHER
Series: Kodomonoie3yr
Raw Periodogram
g |
15 g
g | I
=
i |
? o T T T T T T
oo a1 02 03 04 s
frequency
bandwidth = 7. 13e-05
K13 bmRE (hL vy —v—F) GEHEEXER - BHMXFIEH) CHT2HEOMEED
ARY FIVAHHREROEY X KI5 4
Series: KodomonoieSyr
Smoothed Periodogram
g2 | t
£ % N
g -
% g
u]o 0‘1 orzz 0'3 0'4 015
frequency
bandwadth = 000428

14 FBILLICEUF KIS A

D, EE7 =Y TEBITE B RRT NIV EIT - T2,
I 5IT, AT PAUSITICEIT B 22 b IVEEER
KAaEMET aH, MI4IRLEESD, EYAF
7' 5 £ HAEIE Daniell AL 21T - 72 IS T
ko, by R AL A XEORIN SRS %
L 7o

4, MTw YR FALICE B 2013 FEEDREDELFIC
B 3EEHRB[OFERITICONT
2013 FEE O A OREARICE 1 2 HRIRHEOH)

— 139 —

TERFTICD VT, HilR. ECTHLOREES TR T
5 UBREREOFEFOEREIMOLITOVWTE Y
Ty =Y XYy ERfTbh TV KRB
RBAEIE L, T Tl T OBETINSEE D
ZALICBET 3 —EBIc >V TDHRT, X 15, X 16
BJ17 (3. 2013 FERE D 3 ki 4 k. 5 ik oo s
HIZREL OB ERRNTIC B 2 B A I E 0 2 b 2 7R
LicbDTh b,

M 15 @ 3k clid. URBRERO A, L THE
SEIEE S E - T Az d b K IREFRE



3
25 /A\
2 /[ \
1.5 S ~ A\ N
1 N\ \ \ — R E
/\.{J, . — = -
0.5 +— r
Se. -
0 v v v v v
R R S S LR T O
A 4 2 N N
LR L
15 2013 FEEDRAEOCEETICHITZEEMNRED MTw ENERITIC X BB TIMEED
URBBEE K REEOHE : 3RE
2.5
2 n
/7 \
15 \ 77—\
| / N
1 N - - VREE
\ Pas ~ P -
\ , “ / - — KEEE
0.5 > >
. - ~ <7 ~
0 T T T T T T T T T 1
I S R R A O R G
N 2 o o N8 » N w o >
)% )% )%'& N N
LR ot
16 2013 FEDREOEETICHITZEEMNRED MTw ENERITIC X BB TIMEED
URBEEL K RBEOLLE : 4RRE
2
1.8
e [~ /A\
14
/  \ /[ \
o / \ /\
o.; / \ 72 RS < \ VEEE
05—/ =N === - - BEE
o / P —— NV
: - e e ,
0.2 ==
0 :
R A M R R R R Y <)
N NS N N N8 Y g > o >
* S > S
N\ L N

17 203 FENBEOREFICE T EFEMNRED MTw ENERITIC X 2 BEIFHMEED
UREBELE KIREEOLE 5%

— 140 —




3k & D b, HRMWEBICEIT 28) X O ERITEF
ftlLTcwa tigaont, M6 4ii<cid. TH
K8 A¥IRIORIERE I, BEPEAINERE D & & = -
foiis ehliBE. URBRE. K REE I Kk
LTk, M1To 5T, URBRIBELT
TR E 11 AHRICE =2 036 0, BEIE s
DIKNMEER URBREO TG HE0A, 8 HK I AV
5 11 AMAE» 3Tk, KEERRE LD b U #
BERO LK T B AN H - 7o

TDEHIT, 0I3EEDOHE OEEEICB T 335
BHRBEOH) & OERIG. ALERA Lzl . HH|
PR o N -, (HL, SEIRICBL TR, #HY
FLOREEZE -T2 URBREO L, LT
BEPEEnEE s &< . ER 2@ H 72 T
F. HENFEEROZ B 0BH & ORI,
URBREOHTPHEICRBE LT/ wS &%
Blkds2b0EEZ SN,

V. BEDE LD

W DFGEN ISR, HHOZERIC K 2F) = 0Ll
FEofERIE. HREBLIHS b TH - 1,

¥, V-1ieRLicsBy, BBEIERE. BET
EEE, BEITEINEEO 7 — o, 4L b
SIRIDTTI. ) X L EDOFEIFE LR DT &
ORBICT L D IFMEICEN TV T ED5bh - 12, IRIT,
NV-2wRrlcEby, RfsmEHAoRTR, EHO
WO, BEIEEAINEE NS KRE . BEEHKTH
L EMbprotc, £y N-3wwRrlLicEB, H
CHIBEATFE RS O, O T LRI LB E O£
Bl Ui g oZ8{bicid, mORESE~AR N3
EMHSHER DI SRETH -7 51T,
V-4ic/RLceBD, 2013 EEOHEOREEEICE
3 ERNEROEIERITic oW, B2 RERE
L2 URBRKEE KIRERERBEZE L, £0
R 3Bl TiE. URBEREOGN, BN
BER OB LT & OB L ORARIEZIFHEICREL L
TWa I EMmAHINnI, N3, URFSEIEL,
WO HEMICS D PRLOfTE) 2 215 L
TEY, ERARBFICL, BIZBELPThocc®
LA BN,

SR EHICLIERNEBEK T8 75 05
EOMEEZRIFT 272010, MEAICSKIEAZEZ 175
DBRFERIDRIE & 25 RBEILE
FEThHLEEZ D,

==}
NS

N NQOEEERT NI

— 141 —

SE

WHEAM, EIFEA (2012) [E—va vd v+ 7 F +
&Rz 2RI U 7885 | & B FRE B OB
L REREREM [THAEE L Xik) 36(2), pp.
103—-110,

Burger, B., Thompson, M., Saarikallio, S., Luck,
G., & Toiviainen, P. (2010) “Influence of musi-

cal features on Characteristics of music—indu-

2L N2
AT

ced movements,” Proceedings of the 11th Inter-
national Conference on Music Perception and
Cognition (ICMPC 11). Seattle, Washington,
USA. pp. 425—-428.

Burger, B., (2013) Move the Way You Feel Effects
of Musical Features, Perceived Emotions, and
Personality on Music-Induced Movement, UNI-
VERSITY OF JYVASKYLA, JYVASKYLA.

Burger, B., Thompson, M., Saarikallio, S., Luck, G.,
& Toiviainen, P. (2013) “Influences of rhythm—
and timbre—related musical features on charac-
teristics of music—induced movement,” Fron-
tiers in Psychology, Vol. 4, Article 183, pp. 1-9.

Custodero, L., “Construction of musical understand-
ings: The cognitive— flow interface,” “Cognitive
processes of children England in musical acti-
vity” Conference, 1999, 25p.

Drake, C., Jones, M., & Baruch, C. (2000) “The
development of rhythmic attending in auditory
sequences: attunement, referent period, focal
attending,” Cognition, 77, pp. 251—288.

Geist, K., Geist, E., & Kuznik, K. (2012) “The pat-
terns of music: Young children learning mathe-
matics through beat, rhythm, and melody,”
Young Children, Vol. 67, No. 1, pp. 74—79.

Geoghegan, N., & Mitchelmore, M., “Possible ef-
fects of early childhood music on mathematical
achievement,” Australian Research in FEarly
Childhood Education, Vol. 1, 1996, pp. 65—64.

Hannon, E., & Johnson, S., (2005) “Infants use
meter to categorize rhythms and melodies:
Implications for musical structure learning,”
Cognitive Psychology, 50, pp. 354—3717.

FEER. (LHEZE (2006) THIRZED H 2 HE -
BB R D 2 2 BIRERIRNTIC £ 2 Feiihli | ik
KFERIVF AT 4 THEMI £~ 5 —#2(6) pp.
13-20,



Han, eHER, TEER, Franl (2004) [€-—
Vaveryy—rRVIcERTOYRITEIO HE)
FCEk « i Tk ] E L2y - 5 66 [l EIK
£ 4H-6,

Kirschner, S., & Tomasello, M., (2009) “Joint drum-
ming: Social context facilitatets synchroniza-
tion in preschool children,” Journal of Experi-
mental Child Psychology, 102, pp. 299—-314.

JEE B —, SEHERK (2011) 75 v 3@ o
=75 vak FRIRELICE - HAEEEIRY
42355 27 [RIR2: pp. 260-261,

Moog, H. (1976) “The development of musical ex-
perience in children of pre-school age,” Psycho-
logy, 4, pp. 38—46.

Kemple, K., Batey., Hartle, L. (2004) “Inventing
music play centers,” Young Children, Vol. 59,
pp. 1-6.

Marigliano, M., & Russo, M. (2011) “Moving bodies,
building minds: Foster preschooler’s critical
thinking and problem solving through move-
ment,” Young Children, Vol. 66, No. 5, pp. 44—
49.

Mecauley, J., Jones, M., Holub, S., Johnston, H., &
Miller, N. (2006) “The time of our lives: Life
span development of timing and event tracking,”
Journal of Experimental Psychology: General,
Vol. 135, No. 3, pp. 348—367.

McKinney, M., Moelants, D., Davies, M., & Klapuri,
A., (2007) “Evaluation of audio beat tracking
and music tempo extraction algorithms,” Jour-
nal of New Music Research, Vol. 36, No. 1, pp.
1-6.

hEEE, BRES. thAzs (2005) [HEIEICES
(ERBLUVE=—VavF+ I7F 7= 0500D
FEIREN AR TR | R OREG « B > v K D
24 (MIRU2005) 15p.

Noorden, L., & Moelants, D.(1999) “Resonance in
the perception of musical pulse,” Journal of
New Music Research, Vol. 28, No. 1, pp. 43—66.

Phillips—Silver, J., & Trainor, L., (2005) “Feeling
the beat: Movement influences infant rhythm
perception,” Science, Vol. 308, p. 1430.

Prikian, R. (2010) “Beyond Twinkle, Twinkle: Using
music with infants and toddlers,” Young Chil-
dren, Vol. 65, pp. 14-19.

— 142 —

Provasi, J., & Begue, A. (2003) “Spontaneous motor
tempo and rhythmical synchronization in 2;,,—
and 4-—year—old,” International Journal of
Behavioral Development, 27(3), pp. 220—231.

Rankin, S., & Large, E., (2009) “Fracttal tempo
fluctuation and pulse prediction,” Music Per-
cept, Vol. 26, pp. 401-403.

Repp, B. (2005) “Sensorimotor synchronization: A
review of the tapping literature”, Psychonomic
Bulletin & Review, 12(6) pp. 969-992.

VERsvade. ZEG mEF, EEE— (2008) %
HHEBIcBIMELE-—va v+ r 7F v+ Off
R RO 2SS pp. 9-13,

Vepkyse, mEF, EEE— (2010) [F#EHHO 2k
(WEFET 2HDOE—v s vd v 7 F v iG]
FEAZS L¥amGEE] 34, pp. 133-136,

Ve, Ak, IEF, EEE— (2010) [
WEB BT E—va v e 7 F v IGHICBET
B TEE WML % 95 pp. 1-%

HKEE, BHEES. ARG, LM TEMER,
BHEE [y — «@ig « FHO T — 7 Hric
£ B RAGEI R ¥ R T & | EHRILE 2
W9 2004-1S-88, pp. 13-18.

Shintani, K., Yasutaniya, T., Haga, H., & Kaneda,
S. (2007) “Children’s Music Education Support
System using Sensor Data, Video Images, and
Sound Data,” Asia—Pacific Journal of Research
in Early Childhood Education, Vol.1, No. 2,
pp. 113—128.

Thelen, E., (1979) “Rhythmical stereotypes in nor-
mal human infants,” Anim. Behav., 27, pp. 699
-715.

Trainor, L., (2007) “Do preferred beat rate and
entrainment to the beat have a common origin
in movement?”, Emprical Musicology Review,
Vol. 2, No. 1, pp. 17-20.

Trevarthen, C., (1999) “Musicality and the intrinsic
motive pulse: Evidence from human psychology
and infant communication,” Music Science,
Special Issue, pp. 155—215.

L PEA IR (2002) [HEGHLEEZ F W 724 T 5685
D7 & — Lo ] TEENEHRRF] 47-3, pp. 13—
18

Winkler, 1., Haden, G., Landing, O., Sziller, 1., &
Honig, H., (2009) “Newborn infants detect the



beat in music,” The National Academy of Sci- Zentner, M., & Eerola, T., (2010) “Rhythmic en-

ences of the USA, pp. 1-4. gagement with music in infancy,” PNA, vol.
JURHEZES (2007) [BE—vavd e 7 F vk 58 107, no. 3, pp. 5768—5773.
BOFY s VT —hA4 7| (GRS RS
2007-CVIM~-157(1) pp. 1-8, HEE
Zatore, R., Chen, J., & Penhune, V., (2007) “When FEMEICTHAE L £ LEFEEREo#EREEFE
the brain plays music: Auditory—motor interac- bbb L B Ed, o, BeEiiiE
tions in music perception and production,” e GEREUE (C) REES 1 25381102) 1k 3
Nature Reviews/Neuroscience, Vol. 9, pp. 547— bODO—TH %,
598.

Quantitative Analysis concerning the Movement Elements of
Musical Expression in Early Childhood Utilizing Motion Capture

Faculty of Child Sciences, Department of Child Sciences
Mina SANO

Abstract

The purpose of this study is to find out the characteristics of musical expression in early childhood through
the body movement analysis utilizing 3D motion capture such as MTw system and MVN system. The body
movement analysis of musical expression of four years olds children and five years old children was carried
out in two nursery schools. As a result, five years old children showed stability for the fluctuation in the
moving average of the velocity and the moving average of the acceleration. Concerning the recognition of
the rhythm, it was thought that a five years old child deepened it than a four years old child. Furthermore,
expression of active movement occurred, and it was clarified for the music of the major key than the music
of the minor key that the moving average of the velocity and the moving average of the acceleration were
large. It was found that a periodic change was observed in the movement expression caused by singing
through analysis of the moving average of the acceleration. Furthermore, three years old children in U nur-
sery school tended to show larger score of the moving average of the acceleration than K nursery schoolers
concerning four years old children and five years old children. However, the regularity was not seen in a
change about the moving average of the acceleration of the children in the U nursery school and K nursery
school.

Keywords: body movement analysis, 3D motion capture, quantitative analysis, musical expression in early
childhood
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