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The association between the effect of projection speed on catching behavior and
gravity recognition

Two experiments were conducted with the aim of evaluating the relationship between the recognition of gravity
and the effect of projection speed on catching action in male university students. In the first experiment, to identify
the relationship between projection speed and catching action, an analysis was made of projection speed and head
movement, and of projection speed and the time when movement was initiated, when catching a ball dropping
randomly in positions depending on projection speed (front: 11.7 m/sec; middle: 12.5 m/sec; rear: 13.6 m/sec). The
coordination of each action was also analyzed. The results did not show any significant difference in the time when
movement was initiated for the three different projection speeds. Additionally, up until approximately 0.2 sec after
projection, no difference in head motion was observed across the projection speed range.

In the second experiment, in order to identify whether differences in awareness of gravity affect catching
action, an analysis was made of the relationships between consistent timing in response to a stimulus dropping at
different gravities (0.5G, 1G and 2G) and head movement (angular range of vertical movement) and the time
at which movement was initiated. The results showed a significant positive correlation between the maximum
angular displacement range of vertical movement of the head and absolute error in constant timing at 1G only, and
a significant tendency for negative correlation regarding constant error at 1G and 2G. Thus, for male university
students, this suggests that initiation of catching movement is adapted to objects falling under normal gravity (1G)
rather than to projection speed.

O OREREERFAR =Y A - SRR
OBRFE A S - 7Y s MR
TR AR KR B S R AR



HERARE R IER . H51%, 2015

I FC®HIC

P i3l WHERRITERE VO X9 aE B
DFEBR BN O o RETIToTwb, %
B, AMATBIO S 4 LAV TOEDOEE
22w Tid, TRITEZLDOMETHE SN T
W5 (e.g., Lipshits & Mclntyre 1999; Lipshits et al.,
2005; Mclntyre & Lipshits, 2008; Zago & Lacquaniti,
2005) . EARMIZIE, FETTH2R -V E2HEkT 5
Yierld, BT 2R EET L T TORMNZ
g 572012, EHOERBLEE 7L,
DT LM FFT HM%EE LT, Mclntyre et al
(2001) 1%, MEIOFHEMTOF v v FK—
NV ETIF) Fr v FR- VI Db EL W L
ZHGE L, e g omE (E) EHEICA
NTHEWOBHEZTFMLTWD EHEHBL W
0 2F D, HFTTAHR— Vg ETRRENI
Lo T#ES 225, FHTIEIWEO/2D—ER
BEOEETHL720, MHEPWEICRSL ) 2
LThbo DX, M ETIRIERE
IREIER, SRR &0 S MAEIITHES n
H2HHIC AR -V ofEZ Pl L ThizEis LT
LEIHA, FHTIEEIVB L WDHiEko ¥ £ 3
YITETNPELBEEZ LN T WS,
HNZEDEHGMOHE 2 THT LD DI
HOOWNE B TFIVERIEZRTEY, Zago &
Lacquaniti (2005) X, T LT 2L A ~
¥ —t 7 MIBFAHMELEONMET VO
BENCE L THIZED L ¥ 2 — 24T\, ZTOEEME
ZHRELTVWD, ZOHKIZ. 5T, Mori et al.
(2010) &, HEDO LS A ¥y —t T FMEHHO
HreoBA L HRME OBEHEIZE L THIZEZ
1o Twdo H51d, EEIEREES OBIZH A D
HIR%E T ORIERER 2 BRI L T 2 BHH 1,
HEREERDP D T wARBE R REH O &b 725
AT, FTHBIIN T2 —FH5 A I 27O
BEPENTVWAZEZHLRIILTWS, 25
2, TR 244 3 v 7L, IR
TLIZRLLHETHEICHRT, HRETOE)
WCHEDCHZIZB VT o E BRI BT 1 I ¥

THREPFTONTWAI ELHLNIZLTWA,
Thabb, EFTOINRWITTLE—Hy 43I
FEETIE, FRRM & E B BRE 0 B B S
otz lERL, ORI, EBEHITB
BT HE L COROFEOEE 2 R/E L
Twh, F72, Nakamoto & Mori (2010) *, % T
ORI T 2 Z AT MOFIHIEH LT
Bat & B 2 v, BPERFGEE X% PRz BT
LEEOFFROB) & 2R L 72BRIC T A I ¥ FiE
AHEERL, #IRE TR & o TRESH AL
GhrolzZ bh b, FMBERIURHERZ T TR
, MEREERZ ZCLBREBERIZL T, &
TR 2=, 4 I v & T TV DI HE
PRI L T b, BRI E ) ORBANS
Bbd b, OISR & IREK
EEFOa—F 4 A=Y a vEMHLTENLRED
BHEAT> TV B IHEEZRIET 5, 2o Off
20D, ETHEIIHT 254 3 v 7FikizizE
DB EELMBEEROEE EZ R LTWDL T L,
2 COFF IR UM MOFE LT TR
<, SR MEROB) & 2 FIH L L RENHE 5
BT HUEEDHLZEDRIEINS,

ZOXH, HFTFHECHTAL vy =T b
DEFH OB R REREZB LI5S Iy
7 BB BAEMOMA X o TEIBMIz bR
TWABIREEREZONSL, L2LARDVSH, Th
T COEBRZW LI TIE, EEGHTO S ke
Rz flio TR ZZENBRAMOFH R YN Tv
ROCTTRENED D B0 ZOHEE LT, #dliE Lk
A L o, ERRE L) BEN LIRS
EEREL LD EDBMSNTEY, BHFEISE
WERBRIZ B TARIGE X 0 b B O J A
VAT L OISR IR HEN TV S (Ripol
& Latiri,1997) T E&AHEINTVD, TOEIK
T, BEMFIEVIRI CEIRMOREE
RDUED D 5o

RIFFETIE, & FREDHERATENC G 2 2 3%
WZOWTHENEAE DEHEIZOWTHL 2T 5
eI, BYFRFAEEZHRIZ2ODEEZIT-



AP, BRI, A, N NS RGBTSR EEASERAT BN TSR & RN & OBIEIZ O W T

o THERATENCRIL CTid, [l—OPeht i cldsk
FRFEAH T EVE T RIS 2D, T
MESRLD EE DI, BTHREIEL 2L
9, BHEEEOENT L o THERATE I E N AIA
LNALURENEZ OND, £2T, £—EBT
(&, & TALE L HERATE OB E A S 22T 572
DI, T % BB THRAS S MR O B E B G R R
BLUOHEIBOB X IZOWTHRE L7z, £ EEBT
(&, ERRAOENDHHERFHBATEN R L Tw
L0EWHLNPICTH72012, B LHEIJINAET
HEILTL AU 2 -8y A4 I v 7L
THEREREIZ B 2 B ERIIRIE A L O OB & &
DBEIZHE L THET 21T o 720

I 5 &
2.1 EEBREmE

TERBIEATE L T 25 2 5 T K E10%
HEBBINE L Lz, £@FEBRSNE I, EBO
BB L O HEEZBA L7212, SNoMELZH
720

22 EBRFERUZMH

AWFFETIE, WP SHEE SN F— L2l
Ry i (M 1) EEEICEFLTL S LED ®
T HEE (—F ) ICHETLBMICK S » 24
T4 IV 7RE (M2) O220%7-7
1) HERE

FEEBIMEE, 32O0RL L WHEE (13.6m/
sec, 12.4m/sec, 11.7m/sec) THUIM S NE T L T
< B EAET5em DR — )V &l FTHiEk T 5 ifE %
170720 AWFFETIE, D 52> 512.0m OfL
EOFEBRBINE IR LT, K= DBEDMEICHE
T HHE ZOMELY SHIHITET T 58
B, ZONMEDH 2R 5 HED 3 DOHEEE
BET ST, PiEBRZITV, UWTD 3250
PLEZTE T3 5 0% TALE & St B % e L7z
(1)
OR = VG2 5135m (B EAZBZ 2 L 912

e (BegHEE13.6m/sec) © #£)

REOK%
® &M@
o o E @R

00O

o (@ 0]
@)

1 HIRERE

o

2 —Ba13I THE




HERARE R IER . H51%, 2015

@K — N PEEHEA 512.0m (1FIFRE) 312 HiBk
TE5 L9 ITikE (BAHEEL2.4m/sec) @ HY)
@R — VD 5105m (HORIZE T L TL

% &9 IERE (BSHEELL Tm/sec) © i)

2) EEETO—EH413IJRE

COMEIZ, mEETO-HIA IV UEE
JHW 72064778 (Mori & Nakamoto, 2010) % %%
IROEE Nz, FEREEIIZm OL — VIR
£ 572 LED IZifr > T Oufiliiy) 23
ERFTEICRE L, RERICHES S EBRET
522mDL— IV EEEEICETNTLEBETDH S
(X 2), EBEZMAIL, 8m/sec TEEIZ LH L,
BEo L — B2 BAET (16), HAETOL2
(05G), FIXHKRETO 2/ (2G6) © 3>
DI L ENDP—DODHETHETFLTL WL —
WORMEICEIEL L EICRY V2T L%
ka7,

23 Fm

WEGREICE LT, i o aRoEBL <
J R VENOKREHTIT - 720 I, B4
512m OALE BB IS & A9 X 5 ITEBRSN
Baarig, [HEEr ST 2R — a2 flizk
LCL7ERw] LWwWOEIREG 272, 1HETE
BB O A% 12 L7210, R S & &MT
RV ZHRH L, R—b 2 AR T THiEk
SE7ze HlERRIL, BEMERGEICRS &9 128
MUz BHEICER S L7200, 2- 3fTOM
AT (BAAE CHERCT & 2 5:0) 21To72%
2, BHRMI0ERTODOEE30RITOT A MkATE
TV LRIEFTIT o720 BB, MHERESEICA-
7B F Yy FIAEZLTCETTLGAEET—%
LLTHED,

—H Ly A I FFEICE LTI, EBRSINEIX
Ky AL v F2HEFTRY, BEIFEEOH
FEMEPS1LTm OMEICL—VIZHEE) L9
WL TR A L o 7o, FEREZBORL
%, WERTE L CHE TR OEINEEN RS

05G, 1G, 2G D3 5&M% 7 ¥ ¥ L1211 ¥ O
Iz RIS, 7TAMRTELT, & TFHFOE
TIMEEED R 75 B 3 Stk 2108479 2, AEF303K
127 v ¥ LR CRRLZ. B, 7A MR
FTCTREETIICEA S5V — )V EDOLED 2%
BREMEVR T EMBT 5720, FvvF
¥ A2 (LA$ % LED %R L TEEL 25
)0 BMECHE S LHE) & 5T EA
L7z

F7o, OB I LT, THlERERE] 12
BWT, FHOPRINIO OO Y v 4 ot 4 —
(STT-IBS inertial sensor TT Engineering and systems
M) ZREEL, R—VEFEHOR—IVOE%
B BHER OB & (GRAMBEENIR) 2 WE L 7.

24 AIFEEH

B E B LT, SRS EE 3D E Byl % iE
(Optotrak : NDI #1:8) % H T, WHOHL (o
AT e —%EEL, K—urEHsh
TH L& Y X TORRMZEMERIBRER, BhE
a2 5 R — )V 2 HliEk3 2 £ TOREEE % i
BOBEFHEEE E LTI L7z % d, BERGIE,
R—VE %, 0.1m/sec TEYW 7R & 8T8 L 72,
F72, HEOBZIZHL TIX, #HopRI/N LD
9> Y ¥ 4 ot ¥ — (STT-IBS inertial sensor
TT Engineering and systems 1) Z &% L, 1EIH
ZEOoFTCUERTVWLIREZOEELT, £2%
HFMZHEHEO L (75 2) F (A4 FA) OB)&
EL7,

EHETO—KS A I v 7 IEO MM & EE
HEMRET 572012, BEPLDOREDOKE SR
¢ AE (Absolute Error: B2 EJTREES]E D © Dt
), N7+ =< Y ADFEA%E KT CE (Constant
Error: il N\INOER ) @ 2 D OIREE % 557 %
HL L7z

25 HEtnE
BVERIARE B LT3, A EEOSMHT
BOBELDY)O—ZHDOGEDH 2772 &



AR, R, Wb, AW, T,

/J\ﬁ{

72, FHERGERFAEE S X OB OB X2 LT,
PG AL X FBIE R O ) K Ld ) 0 2 R D5
WA &2 47T\, FE2HE 1213 Bonfeerroni D% H
Hgx T o7z, 512, WMEHHO—FHI A I~
T A ORI R L EERA TN ENICE LT,
BERIGRE R B X OB TOEROB E L o
BREZ O 2ICT 2720128 T Y Y OMBREE
"l L7z,

m # %
3.1 ENMEBIIRRFRICRAL T

3%, K= VOEETAEIZB T 2 EERLG
R ZR LT 5o &% TALE M CEER AR
W EWATRENE D E) PHLRITT L7201,
BVERIAIRERIICE L C, MO ELDH Y O—HHD

TN R AT o TSR, AREENRD LN (F
(2,18) =3.717, p<.05, n°=0.292)c L H» L %45
Bonferroni D% B I & 17 o 7245, HE AR
RS NY, EERIARIERIICBE LTI TLiE D
WEEZTITOWRWIEPHL N E o7,
3.2 MWEEMEE

KETAEICB T BB EE D02 T &

DEALZ R LIZDODH 4 THD, Zh& V), R—
WHE1£0.680 %0 5, A— V& TALE EYES
BE)EFICHiERTE S L9 C’#mﬁf_’éhﬁ%Tu

i [H] 2O AR THEEDE N Z L AVR

SN7ze 22C, MEGEBHEEICE LT, ®T
fiiE (3) x B (7) OMYBELDHY D2 %
WO 2T 720 TORR, % THLE (F
(2,16) = 46.66, p<.01, 7°=0.85) 5 X OEHIEH (F
(2.2, 7.8) =96.00, p<.001, #7=0.92) THE % ER)
RAERO H N7z, & Z T Bonfeerroni D% H K
BT holofg, BTAEICEL T, Pam
(p<.005) B L UH &% (p<.001) DENZNDIH
WHEBGENROOLN, F7-, FEKREHICELT
i, BEE12 5148 L 1.50 6 1.7 O B LUAZ
BRBFFE CHBE R EDED b Nz (p<05), &
512, HEBZHAEMARD Stz (F(12,96) =

ARG PE A ERATEN IS S E

EESRHE OBGEIZOWT

1.2

0.8 -

0.6

B VEBAARF (sec)

0.2

e
Ve T

3 BETMEDEIEFRIKRE

#%

|

— ] —tp - -

HE (m/sec)

‘ : ‘ ‘
0-0.2 0.3-0.5 0.6-0.8 0.9-1.1 1.2-1.4 1.5-1.7 1.8-2.0
AR (sec)

4 FETMEORERBICEIGEREIMRENZEIL

21.90, p<.001, #%*=0.73) DT, M L IZH
MERNRBE 2T o720 ZORRE, $4#0.6-0.8
BUREIZB VT, EMA#E & PRIz, 0.9-0.11
LB BWT, ETMEREBOM TR L%
DHER I NIz (p<05)e L L7%DSH, & FALE
B &2 OBIIT B EEE 22 I1TRO bk
Dol

3.3 HHEEOEBOEIE (EFTORKAELMLIE)
BHBZEOWHH OB X 2R L72OWKE TH 5,
X4 OfEREEDEDL L, WERT 272018 HH %
BHAGS Z I & D B BB b Tz &
Wbk, T, BHLEL THRkTE L2454



HEJR AR R AE A FEAL 2

- i #
14 -
12
10
W 8
2.
A
4 4
&
S 2
oo : : : \ : :
B 5 010 0203 0405 0607 0.809 IQLL 1.2-1.3 1415
-
_4 ‘.
-6

FERAFR (sec)
5 ZFETMEDRBIREICEDCGESOHEDEL

(W), KDDL TOMERRKEN T2, £
T, BHIOB XL THETFME (3) x BRikk

#(8) DR LDB Y D2 ERDGFHGHT 24T -
723, ETOFMRELHEIEMICE L THERHE
RIIREN G D oTze 2O DG, HEATE)IC
20 B BHIROE) & I3 GTEEDOEEE Z 1T T»
mirolzl EAURERENTZ,

34 —BAAILJRELEMEFBIFEE DR
HR%ET (H)):11G) ks L7y M3~
TRESI DS ERBIEBIG B2 5. 2 5 2 et
5728, EEGHO—HI A I v 7REICBITS
MxRAE L EERAED 2005 4 IV FiREL
KO BERG IR & OB 2 /R L7z D73
6 Tdbo BVERIAIRERH & FE )T DO—E Y A
I VTR ORI R L HE AT L
TET7 Y Y OMBREZ RD AR, it
LT, 1GO—3% 1 3 ¥ 7 L ehfERaanE Y
WIZIEOAMB (=0.521) 2VR S N7ehs, HETIE
Lol —7, WHEREAZHEL T, BERH
B OFH EIG O—Fy 4 I ¥ 7 L DOITIX
0.5G (r=-0.397) £1.0G (r=-0.325) TH DM
IRENTHERETIE Do 72,

—BAA I TRELRFEBERTOERD
Bx & OBFF

HRE T ZIEHEL L2y 4 3 v 7R AHERE)
VERE R COBMOB X1 E 2 52 5 02 ¥
5728, WEEFHO—HI A I v 7REICBITS
MRS PR L AW RAED 20D 5 4 I v AL

3.5

#51%, 2015

1) #asfRiss
80 -
70 |

@
S

& 05G
m 1.0G
A 20G
— - =0.5G
—1.0G
- ==20G

ikt 75 (msec)
Do w P ot
(=] o o o

0 0.2 0.4 0.6 0.8 1

* 05G
® 1.0G
A 20G
— - =0.5G
—1.0G
-=-=-2.0G

B VEBAAATE R (sec)

—HaM I URE LB IERIAREE OBEERR

X 6

1) #exlinizs
80

70 ¢
2 60
& * 05G
g 50
0 m 1.0G
% 5 | A 20G
= --=-05G
@ 20 0.5G
2

10 1 —1.0G

0 —-2.0G

0 20 40 60 80
OB ()
2) fEFRE

60

40
< 20 * 05G
3
g o m 1.0G
:+‘$ 0 20 80 A 20G
o .
i‘ng 20 ---05G
E 40 —1.0G

----2.0G

OB E ()

7 —BESALTREECARHIF R COEBDEIE EDE R

WO D LT O KA IR & OB %
MEt L7z (7). WHEOEHEIZOWTET Y ¥
ORI E RO 25, HREAICE LTI
VRO KAELEMIELIGO—HI A I Tk
DR OBEIZE L CTIAERIEOHB (=0.644,
p<.05) RO OENT, T2, HETERro7

A5, 2G (r=-0.431) CTHEHOMPIRENT, HE
MAEICH LTI, BEBoOBX0OTEMaEE —H Y

43IV 7L OMIZIG (=-0.548, 01<p<.05) &2G



AR, R, Wb, AW, T,

/J\%E

(r=-0.493, 0.1<p<.05) THEZADHEOMER
DD BNz,

vV £ =

AT TIE, B HEEATERATENC G- 2 %
WZDOWTENBAE DBEFEIZOWTHLNIZT S
7eDIZ20DFERETo 72, HFEERTIE, &
RPE L ERATEN OB ISR L C, R 2 HEETH
B SN OBWERH MG, JBBREEE 3 X OVBHER
DEYE ZWRE LTz ZORRE, BITERIIAREH N4
WHEOREZ 2T, MEGBHEEICE LT
(&, EOEBRAG A & ¥ FALE S O LSl e
BEEVA RSNz, T2, HFEBZOFEIOH)
SICHELTYH, BEIZHGT 2 L0 5 CHEHELH)
EMRO Tz, 72, BB L THiZkT 25650
BEEIICHERT 2560139 %%, HFO L TO
RS FEBANRASK & Ao 720

WIS, BEBRTIE, BRI OECAERE
FATENC B L T A0 E LI T 572012,
7 2 HIJMAEEETH F LCL HHEx$ % —
By A IV INT F—< AL BVERI MG 2 OF
FEROB) & OREICE L CHET 21T 5 720 Z O
R, BIEBBICEI L Tk, SO TIIAER
MR O bN e olze LALENDL, 1GD
¥4 3V T OMFIEINES W (ENEIEL R
M) EEBRBMEITE, WEREIEE BT S KA
R o TBY, BERBRICIEHERD 720 D)
Y51 % BIEE LI LT 2 T RE TR AVRIR S
720 Flo, EHEBEZHEL T, 16 L0.5G &M
—HWIA IV T OEFEBRENIA F A G- T
BY, MBERISHICR > TW5EZ EDPHL NI
ol TORIE, HAETOETHLIG L
0.5G IZBWVTIE, KHFEZOBIEMIBA T VI
BEMEFEIIE—H 54 I v FEICBOTHT D -
THENICLZ HRE TOMEIIHEDTTH L T
WzZlERLTWA,

T, —HIA IV REEEBO) & O
B Tid, #ixritzEcid, 16 OED IR
TE 5 NI EEFEZRDOHEIO 1T O KA EEA

B 9h)
o

DGR D ERATEN IS S AF R L R & OB OV T

MEANE K o Tz, Bl E LT, BERLS
BEp T3 CICHIEIC X AERICEI T 2 153 #IR
HPHASHE SN T W2 7212, IO HEPH Ak
DONTWIRENEZ NS, FoHFRAE
WCBLC, 1G £2G TR RIL &R T EBSINE
FEERIRE R OET OB XK E o7, Th
L0, BRETOERIJBAD) L h IR
BINEL, HERBAGAKE 5T b B 28 o THiBR S
57200 REIRECHEL TV EE L b5,
DEDBzBFE2 5L, R—VHEFHERICHERD
7o DO TALE BT 2 15 & F VB R TR
LEBZMEIZE, HRETOENIGD S 1 3
YL THRLTBY, 2o, &G
EHTOMERDEEICE LT, #id > CTEIONME
TIWACHED EEGER M TH TS ZFHIL, €0

R L DRRN L BERERE L T2 LAURE
N7z,

COXHIT, WIREIEAIHAL T DB RPEA
W&, HERENEICE M OB 2 2, WERENE
ZRGLIEL CTWAZ LRI s N, Hiligkd 5
7O DOHEIJHT 2NHET VAR T TN
HUREMEDSE 2 H N7z, Zago & Lacquaniti (2005)
BB EET LT 2k vy -7 MIC
MLTEIONMEF VORELEZIBHLTH
D, SGBOWFETHMERFEHNIC S TICEICH
THLHAMETFVERELTBY, TOETFIVERF->
THEEZBHBLTWDDOT, PGSR BR
THEBEZWB XL EZ bR, L LA
A5, TOMICELTIE, NWEFLVEVS XD,
Baurés et al. (2007) 25843 % £ 9 ZE I ORIFE

E%Fﬁwﬂ%®i5&?%Lﬁ%®%m®ﬂ

FERIOREEE (BB7)) ASREREVE DI L
TV WIHIEERDEZ LML, TORIZDOWV
TIE, SHRESITHET LTV BESD S,

SR OWZETIE, ARMAEEHRE T 2578 L
TWaEnEWn) ZEIZHLT, EhEw) milll
HAKo TR EZEDTE 2, TDORHIZONVT
W&, AR &SRB O REHY 2 B O B E A S
BULZENOE®REEZ D L TEREICR->TL



HEJR AR R AE A FEAL 2

bo TNETOWZES, S (ex., Njhawan, 2008) A
W OTENC BT 2B —EFDENIZOWTIE
150 —200ms 2255 Z EBHESINTEBY, 25
2, =7y FEEDOZEALIT S B EE) SUS O
AR, F9200ms 2 A 2 E DB I N TV S
(Brenner et al., 1997) c AWFFEIZBWTIE, R

GI21E B £ 2500ms LLEDSHh Do TW B A, 4
BOWHIH OB X 13200ms L5, EOIGHEE
WKHEHLLTHEXIROTWDL I EIRENT W,
ZoZ i, SROEBROMEHE TH D RFHEIC
BWTIE, 2 OMERIERLGER D200ms & v ) B
BOBIZ, #HERT 27200FJITOWTORED
AR AR E N2 FIE T VDD, KR
LENEMBI L LTWAEENEZ NS,
COMABAADBEVPEHEEOEGTH Y,
Shadment & Mussa-Ivaldi (1994) 23484 L T\ %
912, EBEFERONRT F AL LBV T, filiEko
TR L IAL LI B T VAN DI & - THiEk
NTED LI HDLEVHIFEHBORREZRL T
Wb, F72, Zago etal. (2008) 13#E204FE T H
TIDEME T ORIV OFMERICBWTEBINT
ElCLEWMELTBY, COZLERTERIY
A, WERBIESE AL T B RFEITBW T,
EHOET VAL L THiERMTbh L EZ S
N,

Dozl Xy, ETFICHT25 43 v 7k
CIXEN PR O O EE LR MG ROLH %
LTINSz L2LENDS,
S OWZEEW A E T T2 HICEH LTHi%E %
DD, BEHZODH DIIWEN ESLHESET
THRDETENORELZIT TS, KD
HEA X ) EEE LB L OMA2HP 3¢5 &
W) T EERMICHTTWE I LR EET S L,
SHRWEE AT LA L THEE L TH%E
2O TV LEND S,

(NEH
ARBFZENE, P23 — 2645 BERM AR 78 2 4l B 2%
#ea7e (C) [HEBAR B 2 KT HR -

#51%, 2015

FREAEIZ B B SR | IS X B —ETH %o

51 A 3 8
1) Baurés, Benguigui, N., Amorim, M-A. and
Siegler, I. A. (2007) Intercepting free falling
objects: Better use Occam’s razor than internalize
Newton's Law. Vision Research, 47: 2982-
2991.
2) Brenner, E., Smeets, J. B., and lusaanet, M. H.
(1998) Hitting moving targets. Continuous
control of the acceleration of the hand on the
basis of the target's velocity. Experimental Brain
Research, 122: 467-474.
3) Lipshits, M. and MclIntyre, J. (1999) Gravity
affects the preferred vertical and horizontal in
visual perception of orientation. NeuroReport: 10,
1085-1089.
4) Lipshits, M., Bengoetxea, A., Cheron, G. and
Mclntyre, J. (2005) Two reference frames for
visual perception in two gravity conditions.
Perception, 34: 545-555.
5) Mclntyre J., Zago, M., Berthoz,, A. and
Lacquaniti, F. (2001) Does the brain model
Newton's laws? Nature neuroscience,4: 693-694.
6) Mclntyre, J. and Lipshits, M. (2008) Central
process amplify and transform anisotropies
of the visual system in a test of visual-haptic
coordination. The Journal of Neuroscience, 28
(5): 1246-1261.
7 ) Mori, S., Nakamoto, H. and Mizuochi, H. (2010)
The developmental difference between children
and adults with regard to the movement timing
correction to an unexpected change in falling
velocity, 2010 NASPSPA Conference.
8) Nakamoto, H. and Mori, S. (2010) The role
of multisensory information in estimating the
landing time of a flying ball, 2010 NASPSPA
Conference.

9) Njhawan, R. (2008) Visual prediction:



10)

11)

12)

13)

AR, RR, WAh, AR TN, NAE BTSSR TEY I T Y

Psychophysics and neurophysiology of
compensation for time delays. Behavioral and
Brain Science, 31: 179-239.

Ripol, H. and Latiri, I. (1997) Effect of expertise
on coincident-timing accuracy in a fast ball game
on coincident-timing accuracy. Journal of Sport
Sciences, 15: 573-580.

Shadmehr, R. and Mussa-Ivaldi, F. A. (1994)
Adaptive representation of dynamics during
learning of a motor task. The Journal of
Neuroscience, 14 (5): 3208-3224.

Zago, M. and Lacquaniti, F. (2005) Visual
perception and interception of falling objects:
A review of evidence for an internal model
of gravity. Journal of Neural Engineering, 2:
S198-S208.

Zago, M., Mclntyre, J., Senot, P. and Lacquaniti,
F. (2008) Internal models and prediction of
visual gravitational motion. Vision Research, 48:

1523-1538.

=4
W

LENFME OBMIZOWT



