oo

oo odotddn

0o 1200

OO0 oo

Ooon



u1ig 0O 0
1.1 O0D00 .« .o
1.2 O0000000 .o e
1.21 0000000 .00 o
1.22 0000000 .00 oo o
1.23 DO00O000O0 ... 0
1.24 000000000000 .00
1.3 DUO000000000DDOn .o
14 000000000 .
141 DOOO0ODODOO0O0O0O0O ... oo
142 0000000 .00 o s
143 0000000 .00 o s
1o OUODOODO oo
151 DO0O00D00 ..o
1.5.2 O0O00000000 ..o
1,53 0OO00000O00000000D o000 oo
1.04 DOOODOODDOOODOO .00 oo

1.55 OO0 oo

ugz20 00

U3 bouuoodbobooodn



3.2

3.3

3.4

U440
4.1

4.2

4.3

4.4

gs0

5.1

I 39
321 OO oo 39
3.22 OO oo 40
3.23 OO oo 43
324 OO0 ..o 48
UO0D000000000 .00 0 e e 52
3.3. 1 OO oo 52
3.3.2 OO oo 53
3.3.3 OO oo 56
3.3.4 U0 o 59
OO0 . e 61
gboboodgoobod 64
OOOO .o e 64
I I I PR 65
421 OO0 o 65
422 0000 ..o e 67
423 OO0 .o 71
424 00000 .00 e 73
425 OO oo 78
I 80
431 OO .o 80
432 OO .o 82
433 OO oo 85
434 OO .o e 90
OO0 . e 91
gbooboogbbooood 94
UOOO o 94

i



5.2

5.3

geld
6.1

6.2

6.3

6.4

6.5

I 95
0.2.1 OO oo 95
0.22 OO .o o 96
0.23 OO oo o 98
0.24 ODO . .o 106
I 107
0.3.1 OO o oo 107
0.3.2 OO .o o 108
0.3.3 OO oo o 111
0.3.4 OO oo e 125
OO0 e 126
ggboboooodgboon 128
OODOO o e 128
I 129
6.2.1 OO0 . ..o 129
6.22 OO0 ... 130
623 O000D00O0 .. s 130
I 135
6.3.1 DD ... 135
6.3.2 OO0 ... 136
6.3.3 OO . . 137
6.3.4 OO0 ..o 138
Uoooooogon ..o 140
6.4.1 OO .. 140
6.4.2 OO .. 141
6.4.3 OO ..o 146
6.4.4 D0 ... 150
OO0 152

il



g7d
7.1
7.2
7.3

v

154

154

154

160

165

174

185

186



10
A

1.1 000

1990 0gooobbooobbobbbbooologbobobobbboooobogd
goboobobobob44bdbobdooobooliooooobooo 3ebooonog
Doolgbooboobboog 2vyboobooboooooobooooboboooo
goboggdgogo9obbooobbibbuoouodoobbbooouoboooboon
gobbogbbobgobbbobobboouoboobboobobobobooobann
gbbbobobuougooogobboboboobboobobooobobobbban
goboodobobbd

goboooboobdodbooboooooboobbboboobbooooboboboooobo
gboouoobbuobobobobooguoouoboooboooobobboobooob o
gboubboobogbbbbodooboobobbbouoobbuooboobobd
gbbodgboobobbdobboogbuoooobboobobobabboobboboboo
gooobbodgboboobboobobuoooboooouboboooobooobo
gboobuooooobboobboooogboobobboooooooooooon
gbodbobboogbbobuoobuoouoobbooogbobobooobboon
gbbodbooobdobobobbooouooboooboooboobooobon

gogbooboobboboooao



1.2 0OUOOOOOOO

godoboobobobogbboboboboobooooooboooonboooobo
gogobogbogbobobbbuooboduobooooooouobobbobooaa
goggbbboogougobabbbobooobooboboooobbobbbon
oooooooboboooboboooobobbooboobobbooooboboobooog
gobooobobobobbbobobob
gobdbobboboobbboobbobbboobboobbobbooboboo
000000000000 00000000oooooo (00,1992) 00000000
gbddoboboboobboobobboobbuoooboobooooobbood
gobbboobouoboogooooooboboooboooooooooboodoa
0000 (1982)0 0000000000000 00O0OoDo00ooooouoooog
ggubooboobobduobooouooboboobuoobboboobooobboo
gbbouodgbodbbobdoobboobouobuobboboobbooobbobob
ggbgoobboooobbbmobbodobobbobooobboobooooon
guoboboboogbboobbooobbooooobooobooooobbboooon
gguboobooobooobobbbuouodooouoooboobboobbobbod
0000000000000000O0 (p.2)b000D0O0D0OO0O0DDODODOODODDOODOOOO
gbboddboboobobooboooboobbboobouonoboboobbooonb
000000 (p. lO)DOOO0O0DOOODOOODOOOOOOUODOOOOODODOODOOOO
gbogbogoooooobooon

000 (1982) 00 0000000000000 000 (complex) 0000000000
0000000000000 (complicated) D0 00000000 DOODOODOOOODOO
0000000000000 0D (199000000000 000000ooooooo
guobbuobobdbdobuodbooouuguooooboobaobobbbaoon
ggbobbodbodogobuoobboobooboouobbooooboooboon
gooobbooobbobooooboboobobodoboouonobobon
gbguooobbodoooooooboboooboobobboobboboobbn

gobuoddogbooobobuooboobobbuobbobooboobbooodgob



gouoogdgbobbbooboobbobobobobbbooodobobobboobn
goobobobbobboobboobobbbbboobobobboobooobo
gobbobbobboobobobooogbbboodgb 3bobuooon

goubggououogooboobobbuooobbbooobbboobligobboo
gbbbogodgbogbboooboobuooobbbobooobdobobbbooad
gbooouogogoooooooobobboooboooobobbuoooboboooon

ggbobobbooooouoboooobooonbn

1.2.1 O0O0OO0OOOO

oot oo oobuooo
dodooodoooooooooooooooooooo oo boboooooon
0000000000000 D000000000000000 000 O Bernstein (1967)
000 (synergy0 O OO0

Jo0oooodoooooononoooooboooonooooooooooog
gobooooooooboooouonoouobooooooooooooonoo
gooooodooooobuoooboboobbobooooobooooooooon
godooooooooooooooooooooooooooooooooooo
O0o0oDo0ooooooooooooonodooooooooooonooooooon
ugooooooooboudooobooooooboooooooooboon
goooooooooboodoooooooooooboubooooooboooooo
oo oodoooooodoooooooooonobooooooooo
oooooboooodooobooooooooooodoooooooooooo

gboodgbbboodgobbboodobbdobbououodgbbuoooooououbobobb

1.2.2 0O0O0OOO0OOO

0000000000000 000000OJohansson (1973)0 0000000000

guobobbboooobbboobobooboooobbooobobbbooogd



gbbobooboobobbooboobogbobobbboooobooobbobooo
gobobooobobbooobbobo bbb oo buobobbobuobbbooo
Runeson and Frykholm (1983)0 OO OO OO0 00O Johansson (1973) 0000000 O
(patch light technique) 0 0 00 00000000000 COCOOODOOODOOOOOOO
gugubbobdboooooooboobbboobooobbboboboobonon
godbbogdbodbbobbddooob oo bbuoobobbobobo
bbbt ooubooobbboooubobooo
gooobogbuooggooboooooouoboobbob oo obboboou o
0000 (event perception) 00000000000

00000000 OGibson (1966,1979)00 0000000000000 OO0 OGibson
oot boooooooooboboobbboobobboobbobo
guobdgobobboogooooouoboubobbobbuooouobuooboobobobo
O00000DOO (optical flow) D00 OO0 00000 DOODOOODOOOOOOOOOO
OooooobOobobobobobOUONewtonODODOOODOOOoOooooobOobOoooooo
0000000000000 000000000oooo0oooO (Gibson, 1979, p. 110)0
goboobobbootboodoouoobbooooobboobbooobouooobbo
00000000000 0O0D0O0OUO0oDoOoOO (Eddington, 1928) 000000000
gboogbobobooogbboobbboddooob bbb ooobbobobd
0000000000000 000000O000000000D00000000 (Meinel,
1960) 0000000000000 000DOODO0O0OODO000OOOOOOOODOO

gobogdagd

1.2.3 0O0OOOOOOO

goobbuogobobobbuooobobobobobobobbbooobooobbDbo
gobobobobogbbobboodoobbuooboooboboobbobobbooon
gbobobboboboobbobbobbbouoooboobbobbuoobbooood
ggddbbodguubooobdoodobboobbooobooboguoooooboon

gobbododgbobboooobboboboobobbobooubobboouoobon



0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000

0000000000000000000 Brooks (1991)0000000000000
000000000000000000000000000000000000 (p. 141)0
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000

0000000 0Bernstein (1996, p. 226)0 000000000000 (dexterity) 0 O
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000 Bemnstein0 000000000000000000000O0
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000

gbogboobooooboboooobbobbooboobobo

1.24 0O000O0O0OOOOOOO

000000000000 0DOO0QO0 (discrete movement) 00O OO (continuous
movement) ] 000000000000 000000 Meinel (1960)000000 (azyk-
lische Bewegung) 0 0 0 0O O (zyklische Bewegung) 00 000000000000 0O00OO
gbdliobooooooouoobooobouo bbb uooboo oo a
gbooboobogoobooubboobbob oo oo bbbooa
goodbooodoodgooobbboboobobobboobooobobooobobb
O0000002000000000000000000000 (Bewegungskombination)
guobbooobooodoobboouudooooboobobooobobbuobouobboon
0000000000000 0D0O0000000O (complex movement) 00000000
O000000Meinel (1960) 00 0000000000000 0OOOOOOOOOOOO

gooooboodd (Ubungsfolge)DDDDDDDDDDDDDDDDDDDDDDDD



gbobodggbbobooodobobbodoobboooobobb
gbogoobogobooboooboobbooouoobbooobooobooooo
gobboobooooboboolibilggoboboobbooboboobooooaon
gbbogbuooooobbooobobbooooobboboboboboobbob
gboogbbobbouooobboguobboobbobbbbbooobboooon
godobobooobobooobobobboboobooobbooboooboob oo
gbbgbooobbodgobbboooubbobobbdooobobbooobobbogn
gboboooooooon
gbobuodgboboubbobobbbbobboboobouoodobooobob1o
lboooboboooooboooobobobbbuoobboboboooboobbboon
guobogbuboooobbobbobobuogbbobobbobbobbuoooood
gboboooodgbob2o0uobboboogbooboboobobn
goboguobougbooobooboooboobobooobobbobooobg
gbddgboobbobbobooboobobbbbobuobobooobboboboon
gbbbdoooboooobobboboboobobobuoobbooobboooobo 20
gogodobdoboobbbbobboooboboodudooooooooboobo
gboboobogouboogobooobboboubobobobboobbooouooboad

gboboobobooo

1.3 0OUooooodboouoggn

gboobobbobbboodgbboobuoobooouboboobboooobob
gbooogobobodgoboooboobobbobooboboobbooooboobobon
gouogobogbbbobbdooobooubbooouooboobooooooon
gbboobobouobbooobbboobbuooooouooboboboooogag 3
gobobbdgbbogdguoobbobooodgbuoogbogobobboooood
gbodgboobogobboobobobobbobboboooooobooboooobon

gobobobboobobboboboobboobbooobbbooooobbooon



gbboubbodgbbobboubobdbooooogbbooooabobbbodo
gbogboooooobboboobbbobobbobbobobbooboonobbobn
gbobogbdgbogbooobbbboobobbooood
gboogubbobooouobobooubobobuoboobobounobooaoon
gbooboogboboboobbooooboboooboboboboobobobob
gogobbbouboooboobboobooooobouobodooooooooboboboa
000000000000 0D000D000000000oooooooog@o, 1992,
p. 3)00000000000O0O0ODO0O0O00O0DO0O0OCOOODOOUODOOOODOO
000000000000 00000000DO00000000D00OO0U0O0D (oo
0000,1983; 00000,1983) 00000000000 (00,1984, 0000000
0,1982) 0000000000 (0,1983) 0000000 (Knudson, 1990; 0O, 1984) O
godbgobogouuoboogooobbboobobbooobbobbooood
gboboogbodoboobboobobbbubiobobbobboboobbbobboobd
ggbbboobdobobooobbbboooobboo
goobobdoobboboboboobobbobooobbbboooboboobboo
gbobobooobooboboubobdbiboooouoboooooooobobon
guboboogbobuooobouooboboobobobboboobooobbbob
goobbobbodobboobboooobbbboobboboobobobbobbob
googbooobogbooobb
gbbodboobobooboobboooboobooobboobboooboboo
gbogbdgbbooodgbbobboodbboobboboobobooooobbooann
gbboodobbbbooboobbbuobbobboboboboobboobaoooao
gobodbbbooodoooobobbobobobboobuobooobboboon
gobodgbodogbboobuobobobobboobuoobbbobbobobobob 20
gbboooggoboobboooobbbboooobbooooboobbobooobbobo
gogdobobuooobdoouobbbbooobobboobboobboobooo
gobboboboodgbooooboobbooboooobobooboobuooooobn

gbhobobouobguboouobboobooooobobooobbooboooboogn



gbogbogbbdobboobooobbbobouobobobbooboobbooobo

gobbooogbobooobobobbboooobobuooboobooboboobbooooao

1.4 0O000O0O0OO0O0OO

gobdoodgbooobbbbbdbobbbbouobodgboobooodgooaad
gbdodoooooboooooobbboboooooboboobobobobooon
gobogbobobbobbbodgbooooobbuobbogobooooboon
gbobboboobobobobooobbbbboooobobbooobbbobooon
0000000000000 00000000000D000 (1997,1999) 000000
goon

1.4.1 DOOOOOOOOOO

00000000000 Bryan and Harter (1897, 1899)0 0 00 00000OCO OO
gbboboobodbooboodobbooboobobobbooboabboboon
00 (platean)J0 0000000000000 O0OOOOO0OODOOOODOOOOOO
ggboboubbodbboodouogoouoooobbuooobboboooooao
gbogoboobboobobbboobooboobboobobbobobboon
gbooboobbbobobobbobbbobbbobboboobabbobobob
gbodgguobbooooboobbobbobobogo

000 Thorndike (1911)0 00000 000 (association) D 00000000000
0000000000000 (lawofeffect) DO D DODOOOOO0O0ODOOOOOOCODO
ggbobobobbbobbbbbbooouobobbooobuoooooooooaan
gogodobobobobbobobbbbbbbobobobobuoooubooobooobo
gbobooobobobobobobobbobbogobobooboobbboboobbooon
goodbbbobbooobuogboboooobubuoooobboouoooboobn
0000000000000 0D00O0D0O0O0O0O0 (Thorndike, 1911, p.2440 Logan and

Wagner (1965)0000) 0000000 SS-ROODOOO0OOO (reinforcement) 000



O000000D00000 Thorndike D OO DOOODOOODOODOOODOOOODOODOO
000 (knowledge of results: KR) O OO OO OOOOODOOOO0OO0OO0OO0OOOOOO
00 (Thorndike, 1927) 0000000000000 00O (response-produced feedback)
0000000000000 0D0000000 (cosed-loop theory) DOOODOOODOO
gdotdogbbbotbobubotboguooboobobbobobbodooobouoon
000000000000 00000000DbL0bLb0o00o0o0o0oO0obOoDoOoO Adams
(1971) 00 0000000000000 000000O0OO0 000000 OoOOOOO
00000000000 00D0D0000000DODODO (associative chain theory, Lashley
(1951)000)0000000 (response chaining hypothesis, Adams (1990)0 00 )0 O
gooogo

J000boobboobbooboobooo0bobboboobbbo0ooobOn Lashley
(1917)0 0000000000000 O00DOCOOO00O0DOO0OO00OOOOObo
gdddubobbtbgugbouoboobogbbooooooooobooboon
ggbogbbobboguboobbuobdobodouboobooooobobbooa
gobobogobbobouobboooobooooboboobobbbooobbbo
O00000QOLashley (1951) 00 000000000000 OOOOOOOODOOOOO
gobbgobbobobdogoboobobuoboooboobboobobuoboooboon
godbgobbuogoboobobobooooobduoooooooobbboon
gobbobododdoooooooboooon

00 Adams (1971) 000 000000000000 OCCO0OO0 KROODODOOOOOO
gobooobobbbobooobobbbobobboooob KRoooooobooooo
gbbobgoboboobobobooudgobbooobboooboobbobboooo
0000000 0000000000000000 KROOOOO (perceptual trace) O
bbb doouobodooobouoob bbb oboobbobooo
gdogbogobobobogobobuooaoobbobobboobuooboboooua
000000000 (memory trace) 0000000000000 OODOOOOODOOO
goodoodboobooodgooboboboobooobobbuoboboooon

(open-loop) 000000 O0OO0DO0OOO0O0O0O0O0OODOODOOOOOOOOOOODOOO



bbb oooboobuooobobbo2bboooboobbobbbon
00 (closed-loop theory) O O 00O
gobboobooobuoboobobbboobooooboboooooooobbooooo
goddbbooobdodoooooooboobuobbbb1b1oobooobbOoobo
000000000 O0OSchmidt (1975)0 000000 (schema theory) D000 0000
Jooooobooobobbobbo0obbo0obooooooobooobooooon
00000000000 (generalized motor program) 0 000 000000000 OO
gogbogbboobobuoobbboooboob bbb oobboboobobUoo
goobobbdoobouobooooooobobbbooboooobobobboboo
O000o0ooboboobooobooobooooobbbobboobooobobooboOon
gddbooobooobobbbbobboobbbbbbotboooobogoooboooo
gbdobboooboobbooobboboooboo bbb obObobooboon
000000000000 000000AdamsO Schmidt DO 0000000 OO0OO
000000 (degrees of freedom) 0 000 0000000000000 OOOODOOO
J0000ob0o0b0oooooboooooboobbobooooboobooDoboon
bbb tboooooboooooobooobooooboooooooooon
00000 (Marteniuk, 1992)0

000 Arbib (1985,1989)0 0000000000000 OOO (neural network) 00O
Joooooobobooooooobbbobobbob oo bbUooboOoboogo
gooboooobooboboboooooobboobobbobboboooDoboooUub o
Abbs, Gracco, and Cole (1984) 0 0 000000000000 ODOODOO0OOOOOOO
googoobobbboboboobooobboobobbbobbobbobobbOon
Jooo0oboooboboboobbo0oobooooobobbooooDboboboobooobo
O000000000000000 (constraints) 0 000000000000 O0O0OOOO
00000000 0bO0o0oo0bobOo0oo0bOobOobo0o0ogoOdSchmidtDOOOO
goooobogboobbbbboboooobobbboooooUobobbbon
Jo0o0ooboobbooobooboobbooodobuobobDoooooO

gbobooogdbboooboboooooobboobobbobobooboobn

10



gbbobdooboogouboboobobbboobobobdoobooobooobn
gboodgbooodboobooobooboobbobooooboobbobobo
goobobobbboobbobboobbbooobuobogboobooboboonn
gboboobboobbooobgbbobouooobbabbobobuooobbn
gbgoboodgbbouobbuobbouodoboobbobbooouoboobooboon

goboboobobboobbbboboobobo

1.4.2 0O0O0OOOOO

gboboobbbuoogbboooggbboboboobuooooobbooo

gogoogogd

goooodoooooooooooooodooooooooooonooogo
gooboobogobobooudoooogbboooooooobooooooo
0000000 (Schmidt, 1969)0

0000000000 (coincident anticipation timing : CAT)0 OO 00O 00O (Payne,
1988; Payne &Michael, 1990; Wrisberg, Paul, &Ragsdale, 1979)0 00 OO O O (Dorfman,
1977; Haywood, 1977; Isaacs, 1983)00 000000000000 000000000
gooooboooooodoooodoouooooooooooooooooooo
oo oooooooooo

0o0o0oDooooooooooooooooooooooooooonooooooong
000000000000 0000O000D000O0OO (Payne, 1987, 1988) 0000 O
O000000000000000000000000 (Payne, 1986) 000000000
00000000000000000000000 (Haywood, 1977; Tsaacs, 1983; Payne
& Michael, 1990) O

oot ooouobouoooood
goooooboooooooboooooboboooboooooooboooooooon

gbobogbbuoooguogbboduooouuoobboooooooobooooboob

11



gogooood

Wrisberg O (Wrisberg & Mead, 1981, 1983; Wrisberg & Ragsdale, 1979)0 0000 O
oooodooboooboodoooobooooooooo Yo 2000 60 1100 00
0000000000000 0000000 22,3.1,49,5.8m/s000000000O 1.3,
1.8,22,27,31m/s00000000000O0O0DOOOOOOOOOOODOOOOOOO
oddoooddoooouoooodooooooooooooooooooooon
goodoudooooouooooouooo oo uooooouoooad
0000000000000 WrisbergD 0000 O Schmidt (1988) 000000000
gotdoooooooobootuoodoonooooobooouooooguooooo
oo dooooooooouooooouooouoooooa
goddododoouooooooooooooooouooooooboouoooo

gbooogobobobdooobbogoooboboogod

gboodgodan

oo obbdobuooooub oo bobboobooooa
O0000000Schmidt (1969)0 000000000000 (slider)DO00O0DOOOOO
godoobodobbooobboobbobobbbboooobooobbobooon
gogbboboooboboubooooooboboboob bbb oo booobouo
godoobboooobogbbboobbbooboboooboobboooboon
000000000000 (preprogramming) 0 000 00000000000 OOOO
gobobooobooboobdooiob bbb oooboobobboooon
googd

000 Newell, Hoshizaki, Carlton, and Halbert (1979)0 000000000 O (speed-
accuracy trade-off ) 0 0 0 0000000000000 0OOODOOOOOOOOOOO
bbb oobbbbotooobobbobobobbobboobogo
0000000000000 0O0 15em/s0000000O0OO0DOOOOOOOOOO
gbooooooogoon

gboogobdobodgobooboobobbbobbodobboobuooobobbobo

12



gooboooooobooobbooooobobooobooo20b0boo0obobo
godgobboododbbooboobbooobooooobooboboobobo

O0000000000000D000000 (Schmidt, 1988)0

gogobobbobodn

000o0o0oOo0o0oooboooooboooooobobboooboooooogoon
00000000000000000000000 04T Tyldesley and Whiting (1975)0 O
gboboobooooboooobbbooboboobDooooooboobooooboo
000ddoobooooooooooOobobOooobO0obOoOo0ooooOoooDbooDo
00000000000 (operational timing hypothesis) 0 D00 0000000000
gobobbooooob0oooobobooooDbobooooooDoooooobUuoDo
gooboobbbooooobooooboooboobobooooDoooooooooo
0000000000 bO0b00Db00ooDbO0obO0o0oooDOoobobOoD

Franks, Weicker, and Robertson (1985)0 0 0000 0 0000000000000 OO
00000000000 00ooooooooooo 300000000 (8.9, 13.4,17.9
m/s) 00000000000 000000O0DO00O0000O0DODOOOO0OO0ODOOO
000000 0ObO0000O00DOb0bOb0o000DODbO000D0bO0o0oooDoOoOooo
O0000oboooooooboboboobooboooboooooooooooooooDo
ooobooobbooobobboobobbOoboobboobDobObbOoobooboooo
gooobodboboodoooooooobobobbobobDooobUoboobooo
oooooooo

0 0 OWollstein and Abernethy (1988)0 0 0000000000000 OOOCOOO
gooboooooboobbobobobboobbooooboo2000oDobboooooboooo
odbooobodooooooouoobobooboobbobobobbobboooooooo
000000000000 obO0o0o0oobO0ooooDbOo0oooOoooDooooDoboboOooO
00000 0obO0obO0bO00o0bO0obOobooOoObOoooooobOOooboooobOooo
0000000000000 0O00DO (internal timing) D 00000000 DOCOOOOO

gooobbobobobooguobbobouoobodobobobobooobbooobbobb

13



goboobbooggbobobobobdobuobooobboobdoodobooobobn
000000000000 (external timing) 00 0000000000000 O0OOOO
googg
gbbodbooobugooboodoooboooooboboboobbobobobo
gobobbouogbboobbbuodoobuoouobobobbooobooobooobo
goboboooobboobboobobobbboobooboooobboboobobon
ggoboboobgbugoboobuooobooboooobbobobooboboobn
gboguboodbooboboobbobbooooobbobbobobooobod
gboobdoobobbooobodobobobooboooooboobboooboon
goobobdobboooobbobobobbboobbboobobobobboobon
gobbdoboogboobooobbbboooooooboobbbbbobobo
gdgogbogobobbbogbubobuobboouobooooobbooboo
gubobbgougbubbbbooubobobbooboooboobobobbDbo

gbboobbobbdodadd

gooo

O000000000000000000 (ball catching) D OOOOODOOO (1988)0
0000000000000 000000 (p. ¥YOODOOOODODODODODODDODOOOOODOO
0ooooooooooooioooodoodoooodooooooooonoon
oo obooooonooonooooon
ddoboooooooboooooooooooooooooooooo

WhitngO O OO OO OOOo0ODOoOoOoooodoooooooooooooooooon
ooooooodoooooooooodoooooooooooooooonoon
000 (Sharp & Whiting, 1974, 1975; Whiting, Alderson, & Sanderson, 1973; Whiting,
Gill, & Stephenson, 1970; Whiting & Sharp, 1974)00000000000000000
goodooooooooooddooooooooooooooooon 200 ms O
oo ooooooooooodooooooooonooooooooooooo

gbuoooooboboobbooobbobobooboobobbbobbbboobob
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guobbbobogubobooboooobobbobnbbboooooobooobboo
gooobobobogo

000 Smyth and Marriott (1982)0 000000000000 O0OO0OOOOOO
godobobobooooouobooouooobooboobbobobobuoo
ggooobbbbdggbooboooobbouboooooobooboooubooo
gooooooooboobobbbbbodooooobobobobobobobooo
goddooououboooobooo

0 0O O Fischman and Schneider (1985) 0 Diggles, Grabiner, and Garhammer (1987) 0
gogodbubboobboooobuoboobobobuobooboobbbobooga
goooooopoooobbboobuobboobobouobobbobobobboooooo
gogbbobboboobobobboboooboboboooobboobon
guddobbbououobuoobboooouobbooobbobobbooboboo

bbb oobbuooobbboououoooa
ggoboobooogbuobooobooobobobooooobobbonbooo
bbb bbboobooooooobobboobboo
gobooooobouobooobobobbubb oo bboboubobbobbooog
gobodgobobodooooubobobooobb oo bobboooog
guoboobbbubggboobonoobooobooooooboboboobooobo
gobooobobobooodgbobooooobobbooboobooobobobooboboo

gobooogodd

ggbobodao

000000000000000000000000000000000000000
00 O Gibson (1966) 00 000 (direct perception) 0 00 0000000000000
0000000000000000000000000000000000000000
0000000000000 (optical low) 0000000000000 000000
0ooo

Lee (1976) 0 00000000000 O0O0ODO0ODOOOODOODODOODOOOODOO
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000000000000 00000000O00LO00000D0OOOoOoDUObOOO (o
godooooooooobdoooboooobooooooooooooooooon
0oo0oooooooooooooooooooooooooooooooooon
Jodoooooodobouoooooooooooooooooooonoooon
000000000000 000000D0000000000 (eollision) 000000
(time-to-contact) 0 D000 O00O0O0O0O0OOCOO
doboddoooodooodoooooooooooooooooooooooag
000000oooO0oo0oooooDOOoUooOoDoDOoODOoDOOOOOOOoOO (0o
0000000 (Alderson, Sully, & Sully, 1974; Lacquaniti & Maioli, 1989; Savelsbergh,
Whiting, & Bootsma, 1991; Savelsbergh, Whiting, Burden, & Bartlett, 1992) 0 00 000
000000 (Judge & Bradford, 1989) 00000000 00O (McLeod & Dienes, 1996;
Michaels & Oudejans, 1992) 000 000000000000 (Peper, Bootsma, Mestre,
& Bakker, 1994) 00 000000000000 OCOO0O0O0OOOOOO0O
000000000 OBootsma and van Wieringen (1990)0 00000000000
dodoooooboooobooooddoooooooooooooooooooooon
doodoboooooooooodoodoooooobooooooooboooogo
goooooooooooooooouoooooon
00 0 Matsuo and Kasai (1994)0 000000000000000000O0OO0O0OO
00000 00000 light-emitting diode : LEDODOOUDO0DOO0DODOOOOOOOO
gooooodooooooooooooooooonooooobogooooooon
goooodooooogoooooooooooonoooooooooooooo
oo
gddooooooooooooooooboooobooooooooooooon
O0000O0000OPeperetal (19949)0 0000000000000 0O0O0O0O0O0O0OO
gododouooooooooooooodonooodoodoooooooonoon
gooooooooooouoooooooooboooobooogooooggooo
godoooooooobooobooooboobooooboboooooobooougoo

0000000000000 00000000000D000 Bootsmall (Bootsma, Fayt,
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Zaal, & Laurent, 1997; Bootsma, Houbiers, Whiting, & van Wieringen, 1991; Bootsma
& Peper, 1992)0 00000000C0O000O0OO0O0OOO0OOOOOOOOOOOO
0000000000000 (funnel-like type of control) 0 00 00 00000000
O (preprogrammed control model) 0000000000 OOO (continuous control
model) D 00O 0OODOO
guogoogouogobobooobuoooboboboboobbooouobuooooboobog
gboooodooboobbooboooobboobbbobboboouogoao
gobbooobboobuaobboooobouoobbooobboooobood
gbbuodgbooubbouoogbuooobbobboobbooboooooobaon
goobooooon
gbobobuogboogbbbobboobobobooboooboooboouonbobob
gboobodgbogbobobbbudgbbooboobbobobogbbooobban
gbobogbobobbuodobbobooooobboobobboooobbbbooon
gubdgbboooobooboobobobbobbooobuooobobbooobn

gogobboboooobbobboooobobbbooouoooooobobo

1.4.3 0O0O0OOOOO

00000000 Bernstein (1967)0 00 (synergyD0 D0 000000000000
OO000dbodbooooooobobboobuoobuoboobobodrsynergy” OO0
000000000000 000000OD0 OBernstein (1967) 000000000000
godgdobdouubboooooobooooboooobobobbouoboon
bbbt bobooobuooboob oo oobboob o
ggoogoon

goodooooobooobooboobobbooboobobbuoobbuoooo
0000000000000 00000000000 (shoulder girdle)DOOOOOO0O
000000000000 ooooooD (DoooO, 1992, pp. 422-426)0000000
000000000 (fextion vs. extension) 0 000000 (elevation vs. depression) [

200000000000000000000O0 (abduction vs. adduction)J 00000
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(external rotation vs. internal rotation) 0 0000000 OO (horizontal adduction vs.
horizontal abduction) 0 4000000 OO0O0O0OO0O0OO00OO0OO0OO0OOOOOOOOO
(pronation vs. supination) 0 2000 00000000000 (extension vs. flextion) O
00000 (radial flextion vs. ulnar flextion) 0 2000 000000000000 0O0O
goobobooobbobboobouob icoobobobdooubbooooboobo
googbobobbotbdodooboob bbb oL oouboboo
0000000000000 0000OBernstein (1967)00000000000O0O0OO
bbb obbouoooooobouobnoobooobobboboooa

gbboobdobbbboooobboboouboounoo

0000000000 (dynamic pattern)

Kugler, Kelso, and Turvey (1980)0 00000 00 00000 (dissipative structure) O
0000000000 (limit-cycle oscillation) 0 O O (Haken, 1983; Iberall, 1970; Prigogine
& Nicolis, 1971) 000000000000 C0O0O0O0OO0OCOOO (autonomous system)
gutodgboggoobobboboddooouboooobououonbbooa
bbb bbbobodobobbobbobboooboboooobuo
000000 (dynamical system) 000000000000

000000000 Kelso (1981,1984)0 00000000 0000000000000
bbb ooboboogobouobob bbb ooobooooa
000000000000 (in-phase)D 0000000 (anti-phase)J00000 2000
gbogodoboodboboooboooobboobooobooobboboboon
0000000 (phase transition) 0 0000 0000000000000 O000OOO00OO
00000000000 00000000000000 (synergetics) 00 O (Haken, 1983)
0000000000000 O0 (Haken, Kelso, & Bunz, 1985; Schoner, Haken, & Kelso,
1986) 00000 0000000000000D0000000DO0 (collective variables) O
0000000000000 000 (stability) 00000000 0O0O00OO (behavioral
information) 00 O O O (environmental)0 O O (memorized)d 0 O O (intentional) O O O

0000000000000000000 (Kelso, Scholz, & Schéner, 1988; Schéner, 1989;
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Schéner & Kelso, 1988b, 1988¢)0

000000 D0DOO (Baldissera, Cavallari, & Civaschi, 1982; Fitzpatrick, Schmidt, &
Carello, 1996a)00 O O (Carson, Goodman, Kelso, & Elliot, 1995; Jeka, Kelso, & Kiemel,
1993)000 - 0000 (Byblow, Chua, & Goodman, 1995; Kelso, DelColle, & Schéner,
1990; Schmidt, Carello, & Turvey, 1990; Wimmers, Beek, & van Wieringen, 1992) 0 O O
(Fontaine, Lee, & Swinnen, 1997; Swinnen, Walter, Lee, & Serrien, 1993; Zanone & Kelso,
1992a, 1992b, 1994, 1997) 0 0000000000000 0OOO0OOOOO0OOOOCOO
000000000 (Jirsa, Friedrich, Haken, & Kelso, 1994) 0000000000000
000000000000000000 (superconducting quantum interference devices
: SQUIDs) D 00000000000 (Fuchs, Kelso, & Haken, 1992; Kelso, Bressler,
Buchanan, DeGuzman, Ding, Fuchs, & Holroyd, 1991; Kelso, Bressler, DeGuzman, Ding,
Fuchs, & Holroyd, 1992) 0 O O O (electroencephalogram : EEG) 0 000000000
(Wallenstein, Kelso, & Bressler, 1995)0

oot ooobodooob oo ooooon
O000000oooooOod (Kugler & Turvey, 1987, 1988; Turvey, Rosenblum, Schmidt,
& Kugler, 1986)0

00000 0000000000000 (Corbetta & Thelen, 1996; Fagard & Pezé, 1997;
Fitzpatrick, Schmidt, & Lockman, 1996b) 00 0000 0O O (Beek & van Santvoord, 1992;
Vereijken, Emmerik, Bongaardt, Beek, & Newell, 1997; Vereijken, Whiting, & Beek, 1992;
Whiting & Vereijken, 1993)0 000000000000

0000 (oooo,1992) 0000000000000 000O0OD0UUoooO
00000000 (Kay, 1988; Mitra, Amazeen, & Turvey, 1998; Mitra, Riley, & Turvey,
1997)0

oo odooooooounoooooooooooooooonooood
000000 (collective variables) 00000000 OO0 (order parameters) 0 O O O
oo oouooooooooonoouoon
godoboooboooooooooooooooooooooooboooooon o

gogguoogbouobogooboogbooguoooobooobobbbobooonb
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(open, non-equilibrium system) 00 00 000000000000 0OOOOOOOOO
ooood

0000000000000 00000000000000000000 (autonomous
system) 00 0000000000000 0O000O0O0O0OO (Schéner, 1989)0 000 00
0000000000000 0000o0O0oDO00oDO (Lee,1976)00 0000000
000000 (explicit) DDOO0O00OOO -000000000OO0OO0OODOOOOO
O000000000000000000 (retinal expansion rate) 0 0000000000
000000000000 00000 (environmental information) 0 000 00000
(intentional information) 00 0 0000000000000 O0O0O0OO0OOOOOOO
0000000000 200000000000000000 (Schéner & Kelso, 1988b,
1988¢c)0 Lee and Reddish (1981)0 00000 0000000000 OOOOOOOOO
Oooooboogobooboobooboobobooobooboobooooboobbbbooon
uobo2000000b0000000b0b00b00b0b00O0000bObO0Ob000OOo
ooooobobobobooooobooobboooooobooboobooooboooobooann

gbooooooooboo

gboboooon

Abbsetal. (1984)0 0000000000 0OO0OOO0O0OOOOOOOOODOODOO
gboboooooobobobboooobobobobobbboboooboobboboooo
gboboooobobooboboobuooooboobobobobbbooboboobbbon
Joooooooooobbbbbobbbbobboboobobbooooooboooooon
godboobodboobooobobobooo bbb ooDooobooo
gboobboooboobdoobbbooooooboobougbobbooo
goboooogd

00 0OTaga (1994)0 0000000000000 0O0O0O0O0OOOOOODOOOOOOO
0000000000000 0000000000000D00D00000000 (central
pattern generator : CPG)0 0000000000000 0OOODOOOO0UOODOODOO

gboboobbdgboboboobdoobobbobobbobobbobooobbboad
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oooooobooO0obooO0o00ooooboooooboooOooOObOO00b0O00oOoO0000n
00000000000 Abbsetal. (1984) 000000000000

OO00O00O000oooooOooooooooooOooOoOOOoOOOObObObODObOOn
ooooOOooooOooO0o0obooOoOooOO0O0bOO0bDO00obOOo0ooooooooObOooo
0000000000000 00 (hierarchy) 0000 (heterarchy) 000000000
ooooooo

Newell (1985) 0 O Kugler et al. (1980)0 0 0 0000000000000 O00OOOOO
00000000000 (topological characteristics) 0 000 00 00O O OO O Anderson
and Sidaway (1994)0 000000000 2000 (two-stage modelDO0 OO0 O DOODO
Oo0O0000o0doooooooooooo0ooo00oooooooooooooo
oooOoooOooOooOoOO00O0oooooooooDoooOOOoOoDOOOobO0OO0OoOooon
Abbs et al. (1984)0 Taga (1994) 0000000000 OOOOOOOODOOODOOO
Ooo0O000ooO0o0o0o00oooooooobooboooooooooooobooO00oDon
00000000000 00DO0000O0OO00DOO0O0000O0O0000O0O0DO0O00O0
oooood

NewellOODO 2000000000000000000O00O0OO0OOCDOOCOCCOOO
O000000000000000000000000000O000O0DOO0O00000OO
0000000000000 (Marteniuk, MacKenzie, & Leavitt, 19900)0 0000000
000 Taga (1994)0000000000000000O0O0OODODOOOODOOOOOOO
oooOoooOOoOO0OoO0oO0OoOoooOoooOOCOO0bOOOO0ODOoOoODOOoOoOOoOoooo
ooooooooOOoOooOODO0OOOO00O0O00oOoOo0oooOoooObOObOOoDODO0n

goo

1.5 0OOO0O0O0

gubdoodboobodoboobobbobbbboboobbobbooboaboa
gboobogbobogbbdooboobboooobboboobboooooobbobobo

gboooobogbouoobboboogbbooobooboooboobooooon
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0000000000000 0000000U00DOOLO0D0DUOODOooDUoOoOOOO (O
0,1994)00000000000000000C0DOO0ODOOOOOOO0ODOODOOObOOO
0000000000000 000000000000 Gibson (1966, 1979) 00000
0000000000000 OBernstein (1967) 0000000000 0000OO0OOO
gbbdgtbbboudodoooooboooouobooboobbobbbooboa
000o0o0oooooobobobobobobob0ob0b0o0o Db 0o0o00o0ogUgg Meijer
and Roth (1988)0 00 - 0O OO (motor-action controversy) 10 000000000
bbb oooooubbobououbonbbooon
ggbobobbobbooubobbooobbbbuobobouobouobbobooon
gogddoobbooobbbooooobobobbboobbooobobobboooo
0000000000000 00D0O00O00O0OOOOOO0g (o,1982,p. 10) 0000
gogbboboboogobboboouobob 2000 booobbbobuobouuoa
bbb uobobobobbuouooboobboobboogonba
gooboboouoooobbboooooobboooobouobboao
gbobooboooooobobbobbbdoobouobbobbbbuooboo

gbbboogobbooobbobogooobouoooobobogon

1.5.1 ODOOooog

gbbboodobdobooogbobbobobobbuooooooobbobooao
gddoodogboboobobobobobbobbooboobbbobobobooooboon
goudobogbbboogbbbbooouoboooboooboboobooobobn
gboudobodgbogboboobbooboobboobuoboboooobobboon
gbobobodgboobbobbbbboboobboooobbbobod

gobggobobbuogoboobbooobbboooboboboooooboobo
gobgbligoogobgogbobobobooboboobbooobobobobon
gbooooouobogbuoboouooobuooobouoogooboobobbod
O (reaction) 0000001420000 00000000000000000O0O0O0DOO

goboogoboobobbobobooobooobboobboboobbobobon
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U ll:0gb0oo0boobooobooooboon

goooo oo 0000 (DFs) 0OO0o0O goo ood gooo gooooooo
oo oo o (1) 1 oo ] oo SRT paradigm
(reaction) 0 o 0 ] o ] CRT paradigm
gooo oo 0(@oo) 2 oo 0 oo grasping
(manipulating)
gooo oo 0(@oo) 2 oo 0 oo reaching, aiming
(reaching) 0 0 0 ooooo 0 reaching, writing
] 0 oo 0 bimanual coordination
oooo oo O 2 oo O oo cup-to-mouth
(transporting) 00 ] 3 ] O ] archery, dart
oooo oo O 1 oo O oo pursuit tracking
(tracking) 0 ] 2 ooooo ] ] continuous tracking
oooo oo 0O @3o0) 1 0o o oo postural control
(postural control) O ] O ] ] swinging room
oo oo O 2 O O O locomotion
(locomotion) ] O ] O oo time-to-contact
O | ooooo g O uneven terrain
oo oo 0O @3oo) 2 oo o oo critical viewing time
(catching) oo 0O (Goo) 2-3 ] o a tau strategy
od oo 0O((Goo) 3 oo O oo putting
(hitting) 0o ] O ] 0 oo discrete hitting
O 0 2-3 ooooo 0 0 continuous hitting

DFsO00000000000C0O000O0O0O0O0O0O0O0C0O0OO0O00C0OO0O0000O0O000O00OBO
ooooooobooooobooooobooooboooooo

0oo0ooooooonoooooodoooooooooonoooodoooooooon
googogo
goooooooooooo oo bbb oooooo oo
00 (grasping) 00000 (manipulating) 0 0000000000000 0O00OO0OO
0000000000 (reaching) 00O0O0D0O0OO0OOOOO0DO0ODOOOOOOOOOOO
oo 200000000000000O000O00OO200000000O0O000O0ODO0O
0000000000000 00000 (transporting) 00000000 OCOOOOOO
goodooooobooooooooooooboooooooooooooouoon
Joooodooooodoodoooooooooooonooogoooooooon
0000000000000 0o0oooOnD (writing) D0O0O00DO0OOO0OOODOOOOOO
oot oo ooooooooboooooooot

00 (1430)000000000000000O000OOOOOODOODOOOOOOOO
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gobooooooboon

000000000000 0D00DO00D0D00ODO (tracking) 00000 O0OOODOOO
gdddotbogbuobuoooooooobbobobooooobobubouooooo oo
godbbooobbobdoobbooobboobbobooooboboboobooboobog
gooooboboobbobobboobobbobbbobbooouoboobobboboa
0000000 (1420)000000000000000O0O0DOOODOOODOOOOO
goooo
gbogboooooobobbobboboogoobobobobbobobbbooooa
gbogooboobgdgbbbbboobbobobooboboobboboooobg
god

bbb uobob bbb oobooon
0000000 (postural control) 0 D0 00 O00O0O0OCOOOOOOOOOOODOO
00000000000 (lecomotion) 0000 O0O0O0OOOCOODODODOOOCODOODOOOO
godod i430bpoboobooobobb bbb obobbooooooboOon
goboobobooooooooobobbobobbooooobobbboooooob
gobogbbooooouooooboboooobbobbooouobobboobuuoa
(l420)000000000000000O0OCOOO0O0OOOOUODOODOOOOOOO
0000000000 (swinging room) (Lee & Lishman, 1975)0 0000000000
00 (time-to-contact) D000 ODD0OO0OOOOOOOO

bbb boobobobbbdob oo booo oo
gubbdoobdgbbbobobobbuoooboboboooobbobobbobobobboooa
gogobbbotobuogbobbooobobnbobbbooooboooouoooa
goboboobboodoooobobobbbdoboouobbbobobobbooboooo
ggbdduodoodboooooubobboobbbboboboooobobooon
bbb oooobobboboobboooubuobbobobbobod
guoboouboguobooobbbobooooobobbooboobboobboon
goooooooboobogoooobboboobdoooooboboboooo

000 (14.20)0
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gogdbbobodobbobbodobboobbobboobooboooooobooaon
gobuoobbodobooooooobooobbobbbboooboboooboan
gbgdgboobobogbbbbobooobboobbboboboooobobon
gbbogbobogboboobuboobobobboouobooouoooboboobo
000000000000 0000000 (1.30)00000000000OOooOooO
gbooobobodoooobbobbubboobuouoobouoooobboooobo
gboboboooouooooooooood
goboboubgbboobobbbooubbboogbbobogoobbooboo
gobboboudguoougguobbobobobbboboobboobbobboo
gbodboogboooobboogoboobbooboobooobooboboobobo
gooobogobbboabbbbdooobooboobbooobonooobbbood
000000000000 00 (1.4.20)00000 Tyldesley and Whiting (1975) 0 O
000 00000000000 000 Franksetal. (1985)0000000C0O000C0OQCO
0 O Wollstein and Abernethy (1988) 0 0 00000000000 OO0OODODOODOOO
0000000 (1.4.2)0 000 O Bootsma and van Wieringen (1990) 00000 00O
goobobobogbbbodoboobuogogbooobuobooouooboadooo
gbodugoogbooboogbbuobboooobbouooobboooobon
goobbooooobobboliogbobboobobobobbobobbobbo
ggddooobobooooobobobbobobobooouobuoobooooon
gbouoooogouobobboboboobogbooboobboobooog 20
gbooubbooguuoguogbboogbdbooobobboobooboobboo
gbooboobbugboooobbobobboobboboogobobbboboooo
gbooobodogooooboobbobboooboodboooboooobobobo
gobobodgogoobogoooobobboboooouooobooogobon
guooogoboobbobbuooboobbuobboobbbooboobboobo
gbouodobdobboooboobbooobbobbooooobbobboobod
gogdogbobootooglspbuoobbooooooboboboooobbobon

gbboooboogooboboooooooouoobbooobood
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000
0000000000
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000000000 +H+
IN | L
ouT j —
| 00 |DDW 00 %

oo
0o | ooo

Joggogoon

Mg EpE e B B e B B e i
OUT-

L ugn ugn ugn goo |gd

R oo oo ogn ognd goo b
\
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oon

26



1.5.2 OO0 OOOOgg

ddoooooobooooobooboooooooodooooooooood
0oddddoodooooooodooobooooooooonoodoooog oo
Jo0odoooooooooooooooooooodoooooonoooooooo
gog

Wiener (1961) 000000000 (cybernetics) 00 0000000000000 0OO
000000000 ooooooooooooooo
dooooooooooooooDiligoooonooooooooooooooogn
gobddooooobood0 lgoodboooobobuouobbbbobooobo
goooooooboooo

ddooooooooooboboooobooooooo bbb oo ooooon
O00000000ooooO0g (Ite, 1970)01 0000000000 2000000000
00ooooooooooodonodooonooooooog 20000000000
googooooooudoboooboooobbboooooooooooooon
00000000000 Flash and Hogan (1985) 0 000000 OO Uno, Kawato, and
Suzuki (1989) 0000000000 00DOOO0O0OOOOODODOODOOOOOOOO
000000000000 0000000D0000D0 (199%) 0000000000000
bbb ooooobuooooooooouo

0000000000000 000D000000b0O000O0DOOO (virtual trajectory
control) 00O 00000 DO OFel'dman (1966) 0 Bizzi O (Bizzi, Accornero, Chapple, &
Hogan, 1984; Bizzi, Polit, & Morasso, 1976)0 000 00000000000 O0O0O0O0OO
goboobouoooobboouoooboobubobobooouoboooooooo
000000000 000000000000 00000000000000 (equilibrium-
point) 000 0000000000000 00O0O0O0OO0O (mass-spring model) 00O
0000 ooodooooodoooooononooooonoooooon
oo oo ooooooonoo
dooododoooooboooobodooooooooooooobooooooaa

00000000000000000000D0000000 (end point control) O OO
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gboubbbobbbooobbboboboobbobbbbobbobbooobobn
gobobbodboobooobobooobooboobuodobooooboobon
goodbobogbuodboudboob ooobbobbbboobooobobon
gogbbobuobogbobbooobobboboooobbooobooooaob
00 (1991) 000 (1996) 0 0000000000000 0D00O00OODOO0OO0OOO
gogboogboobobooboboobu oo oobbooooboooboonoD
gbooogobgoouagbbbbduboouoobooobuogoobaobobobobo
gbgbuobbobbboobobboouobbobobboooouoooobooog
O00000000000Gibson (1966, 1979) 0000000000000 0O0O0OO0O
00000 (self-organization) 0 0000000000000
gbbgdbogoobboobouoobobooboobbboobobooobon
gbogbdodoooboobbboooboooobbbbbbobuoobobbbon
O0000000D00000000000D0D00O Prigogine and Nicolis (1971) 00000
gobbobbboobobbobbobbooobbbbobuoboobuuooouooob
0000000000000 000000000000000D0O0O O Haken (1983)0 0O
gobgboboooggoboobobbobbobooobboodgbogoooooboaon
0000000 (slaving principle) 0 0000000000000 OO0OOOO0OOOO
gbbbbooodbobbdooobbbobboooobbbobooobbbooooaao
gbogobobbobobobbobbobbobboobboooboboboobobo
O (synergetics) 0 000 000000000000 O0OOOOOOOOOOODOOOO
0000000000000 (order parameters) 0 000 0O
00000000000 0O0Bernstein (1967)00000000000OCOOOO0OOO
ggboogobboobboboodouoooouoobobbooobobboboobbon
guobbboboudgboobuooobbobbouuobobobbooooobooboo
gogboobobboubooboooboubobobobbbobobuoooboodabo
OO0O0OoobDDbDOO0Ocontrol parameter 0 00000000000 OOOOOOOOOO
gbboboooboboouobbuououonooo143000nd

gbogoobodooboboobboboboobbobbbbuoobobboognn
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OoDbOooooooooOoobooboobooboOobobobOOooobDOoDbo 20000000
000 -0000 (motor-action controversy) (Meijer & Roth, 1988)0 00000000
O0oodd0ooopDOobUdOoooooOooO0ooooooboooboobooooOoOoOoo
0000000000 (Mottet & Bootsma, 1999; Schoner, 1990) 000 00000000
oobooooooobooooooooooboboooooobooooDoobOo -oOoo
O (perception-action coupling) 0 00 000000000000 00OO0OOOOOOO
godoOoOooOO0d0ODOOo0oO0d0o0oUUoooOU0bDOobOoUobooobobOoOogDooo
gooooboobooOobbobooooooboboOoooooboboboooDoobooOooOoobOoo
goboooooboooooooooobooOobobOoboobOoobooboDOooobooOooD
000000O000000oo00oo0oooooooO0oDOooOo00ooooooooooo
0d0o0oo0o0oOobOOoogoo0ooDobooU0bobo0o0oooDooboUogDpDooDoooooo
OO0o000ob0o0oooO0obDOobOO00o0ooooobo0oobDooogoooboooooo
O (control) 0000000000 ODOOOO0OOODODOOODOOOOOOOOOOOO
oooobooooooobooboobbobooooboboUoooboboobobooboooooDpoooD
Oo000oo00oooOO0O0O0O000U0ooooooooDoODOoUOooDoOoDDOoO0ODn
000000000000 (Bootsma et al., 1997; Peper et al., 1994)0
OO0Ooo0obooooooooobD0oooooooooobobOooooobpoboOoooo
ooooooboooOoobOoooOooOO0OoOobOoobOOobOoooboooooboooooboD
000000000000 0D0o0o00oooooooobDU0DoO0ooooOoooDOooo
god0opoOoo0ooOooooobDoboOooboOdoUoboUobobooooDOoOooDo
gooOooooO0OoDOoo0oUOoDbOobbOOoOobCOobOOoUObDbObOOoOoUobODoOOoo
oobooooboobooobOoobObOOooDODO0o0oDbooDbOobobOoOoDOoOooD
Oo00ooo0ooU0OooooODODOOO0000ODO00OoDUDODbOOoDOOOOOo
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gogboobgbbodoogbobobobbooobobooboboooooboono
gbboboobdoobuoooobobbooooboboabbobooooobbon

gbooboobboodboobouogooobbooouboboobooobbab
gbboobboobuodgooobboobboobbbobooobooobobboooon
gbbgobogbogooobooobooouoboobbogoooobooboonon
gogbogbbobobbbobbbbbuobooboboobbooobooogo
gogooobobobobbdobbboubboobooboooobobooobooo
ORSOCOOOOODOOOO0OHSODOOOOODOODOOOODOOOOOOOODOOO

gbooobboboboooboooboobboobobboobbuooboobbon
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guogdgboboobuobooouobbboooobbooooobbbboobanb
000000000 Arbib (1984, 1985) 000 0000000000000 O0O0OO0O
goggobodabbbuobboggbobobuoobbuooboobboboboboobn
gbbogbugobobuooobboboobbboboooooobbbooobbo
gggbuouoogbobboduoooob bbb oboooooboooobbobaon
O00000000D0D (reaching) D0DDOOO0OO0O0OCOODOOODOOOODOOOODODOO
gbogoboogbobbobbdobboobuooobooboobbobbobbooon
guogooguobboubbobobuoobooobbboboboobbbbbobooboon
gbogbbouabogubbooboobuobobobobboooobooooobo
gboooooboboobobbdoboooobobboooooobooboooboobo
OOo0bOoOoboO0o0oobboUoo0oooboooooboboobO RSObODoboboobDbo
gobodbobbbogguogobooobobobooboobuoboooogob
gbobubboodboooboboobobuonoobbboobobbobboboodan
gbuogdobodobobdobobodoboboooobboobobdobobooo
guogobggoobogobooboobboobobbbobooobooboa
gobguoboogoooogubobbboobbobobooooboonoooboob
gbobouobbbobboguoobobbbooobbobbooouboboobood
guooboodgon
godgdogboobobobboboobbbuodooboooooooooooooogao
gobboogoguodgbogoobbbbbobbboobobdgbobooobobion
000000000000 0000000000O00O0oD (ODO,198;, 00000, 1974;
00000,1991) 000000 «00000000O0D0OOOOODOODOODOODOODOO
gobiododbootooooboboHOooooooobUoobOoooboUobDoUUoo
OoobbHOOOOobOOoodbdebooboooboboboobboboobbonbog
gudbobgbubbuoooouoobobobboobbbobodgbbogboon
bbbl oOO0bObOObOOO0ObOO0O0000bbO0ObOoo00obboboooboaonn
ggboooodgoboboooobboboboboobbouobobboooubooobon

guobobobdog 2000d000oooobooobooogobooabboboboon
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gubobogogbgoobobbbooobbbobboboobooobboboboa
gooooo
gbogbboogboboooobbbobbddobooobuoboooooobouua
bbb bbooobnobouboboboobbobnbbbboboooda
00000000 (00000,1992)000000000000000O000O00O0
O00OLee (1980) 0 0 000000CO0O0O0O0OODOOODOOOOODOOOOOODO
bbb bboodooouoobooboboobbbooobobboouogo
gogoobbbobogoobbobob oo obbobobbbbounboo
00000000 O Woollacott, Bonnet, and Yabe (1984)0 0000000000000
gogbogbbbtbododoooobobobobbbooobobooubboboboon
gobogobbbbodoobbboooob bbb oo boboobuon
goddooobuodooouoboobbbbobbbobboobooobbobuobouuoua
gooooboobdodl bbb oouooobbbobboa
gguobboouobooobobbooobbbobboobobbbuooobboo
goon
ggobbbbbobbuoobboboobbobbbouobboooobubooboboo
ggbboogbbootbogoooob bbb odub oo buobbobooa
ggbdgoubbootbooboboobodogbbooooooboobobboooa
ggobobgoobbbobobbobbbooboobbooobobuoboon
googbobodoooobooobobbbdoob oo bobobobooa
guddoobgoououbbooub oo obbbouobobooubooboa
godouubooooobobobboobobboubooobd
bbb oboooobobbuoobooboobobobuobooboo
ggooouobobbooobboobboouooobooobbobobuobbbuouoboo
gogoooooogoogoboooooooobo oo booouobobouob oo
ggbotoodobbboobooooboobobbobooooooobouoobboboooa
g boobobuoboobobbobbobobobbuobobboobobo

gbboodgbogoboobbooobboobuodgbooobobobobobboooo

51



gbooboodgboobbbooboobboobobbbbbbdobobooooab
gboobobbogbobobbbuodoobuodooooboooboboooboobboooobb
godobbogobgbbboobobooboobobobobuooooooobob
goon
gobbuodgoboobogobooboodboobbooobobboobobbod
godgbogbbbobobbtoobbuodboooooouooboobboboon

gogood

3.3 Uboouuoububobd

3.3.1 U0

OO0000do00o0oooooooooooooooooooooooooooooon
0000000000000 00000DO0oDOo00DoO0oDOooODDO00o0OooDoOoooD
00000000000 0000DO000DODODO0ODO00ODOODODOO00DODOO0ODO0O0ODn
0000000000000 000O0o0gb0ooo0oooooDboo

Howorth (1946)0 OO OO0OOO0O0OCOODOOOOOOOOOOOOOOOOOOOO
0000000000 000000ODO00O000D000O00000000O00000oO0
0000000000000 000000D0D0000O (basic dynamic position) O O O
O00000bO00OOO00O00bO000bOU000O0DU0oODOUoDODODUO0UUDbDDO
O0ddoooooboOoooooooooon

000000000000 00O0O00ooooooODo0bOoOoODODOoOo0oOOooog
000000000000 (Cotten & Denning, 1970; Slater-Hammel, 1953). MacKenzie
(1992)0 0000 (grasping) 000000000 OO0O0DO0O0OODOOOOOODODODOO
0ddo00dooo0ooooOooooooooooooooooooooDoOooooooon
00000000 00000000D0O0O00O00O000O00bO00DODO0o0O0oOoooDOag
00000000 D00 OMarteniuk, MacKenzie, Jeannerod, Athenes, and Dugas (1987)
O00o0d00O0O0O000obO0obO0oobO00bOoObODObOO0ODO0O00OU0UbDOobOOoDbDbOODO

gboboogboogoboooboobooouobooooboboobboboooboon
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guobodgbboobboboobboobbobboboobooobboooooog
ggbbobbooooboooogooobooad
O00000000000000000000000 Meinel (1960)0 00000000
ggbobbboobobbbobboobbooobuoouoobobbboobbbbood
gbobbogbbboboboobbbdoboooouoboobbooobboodgaa
ggbbobdoooobboooobuoooboooobboobooboboobo
guogodubobbuodbooobbooobobbobboobuooooooboobo
gbooboodooooboobbodoobbobbobbobuoooboooobobboobn
gobodgbodbbobboobbobobouboboooooobbbobboo

gbooobboooobbooooobbooobbbooobobboobn

3.3.2 00O
gog

NODODOODOOooD 12000b0boboooboobbbbo0o 1bobooooo

gogoooban

g

gbboboogbbobbboobbboouboobobuobbobooubooobgo
00000 1mO000000O00O0O0O0OO0O00DO (Mitsubishi HC39PEX) OO OO OO
gooobbboobdoodtd 200em D0goooboobobobbooobbooon
gobuooodb Imsgguoboooooooooooboboboboobbbbod
00000000000 (NECPCSVX)DOOOO

O0000000200000000 (Penny & Giles M110) 00000000 O0OODO
gopoooboboboobobobobbobbooboobDboooobDUo 1kHzO00D0 O
000000000000 (Epson PC-286LS)000000OD00O0O0ODODO0O

gboobooooboboobboboobooobbuoboobouob 4000 LED

(light-emitting diode) 0 DO OO OOLEDOODODO LEDODOODOODOOOODOOO
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u Selspot camera

v V'"" ~a— Control
................ ~ag++++:: Information
Selspot I 2.5m
(Selcom) —
Micro_switch
: / \ A
i L\ED '] 20cm
Gonio meter  Tiaen i B —=
(Penny & Giles M110) :
A/D Converter -’
(Canopus ADX-98E)
Personal computer
(Epson PC286LS-H20)
im
Parallel 1/0O module H
(Contec PIO-16/16T(98)E)  fassssssssususnsunsususannrannuns H
Timer counter module
(Contec TIR-6(98)) 20 inch color monitord
(Mitsubishi
Personal computer - HC39PEX)
(NEC PC9801VX)

037 000b0oobooboboooon

0000 (NOVA)ODODOODOOOOO0O000 Selspot IT (Seleom) D OO0 OO0 OOO
LEDOOO 25mO0000000000LEDOOOOOOOOOOOOLEDOODODOOO
O00O00ooobooooobpoobobboogooDg 3125 H20000 OSelspot 11O O
ooooobobDemm 000000000 OO0DOOO0O0O 223 Hz0 200 Butterworth
0000000000000 000000000000000 0.02deg/s000000
gogbbobbooooooo3rooban

goo

gouboogbbooobbobbuoooooboboboobbboobuobbooo

00000000 00oO0o0ooOoooDooOoDoOoO (STANDOD)DOODOOOoooooo
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O0000(LIGHTOOOODODODOOOOOODOOoooooOoO (bEEPODO)ODOODOODO
0000000000000 O00OU00oO0O0O000O0 (FREECD)D 40000000
gboo4b00pooooobboobobboouobouooobobobiobobobbobo
ggbobogbbb oo ooooboboobobooooobo
gogboboboobobbobooboboo3buoboog 1sg0ooobD 4500
gilogoobodoobuoboboodbooooobobbouoobbuoboboobo
gogbooooooobob 2stdgbbouodgboboogoooobuoooooooo
gboooooboboooooogobgoshiligl2sst 3gogooooooooon
goouoboobbobobobdobuodgboudgoboobobboobogoogoo
gbooobbbodgoboobbooob oo oobobobbooboon
gbobouboogbogobuoooboodobobobobboooubooooooon
gboobobogodbogoooboobbuogobboboog sgbboubobodo

gooboooooon

googod

00000000000000000000000O0 (hip latency : HL) OO OO OO
O000000000000000000000000 (movement time: MT)O OO OO
0000000000000 0D00 HLO MTOOODOOODO (reaction time : RT)O 3
Ooo0oboooooobobbooboboobboo £k3Shboboooooboogoboooog
gboboooooboboboboboboobobboobbbobo2sbonobobn
goggbbooobobbobbooboobboobn

0000000000000 000oUoDDooooOoos%000oooooon
0000000005 000000000000 n.s. (no significant) 00000000

ggbobooooboboobbboobooboooo
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0 31:00000000000000000000000000

Condition STAND LIGHT DEEP FREE

Knee joint angle M 0.70 16.23 34.68 16.43
SD (1.342) (5.472) (9.674)  (7.692)

Hip joint angle M 0.92 10.87 34.10 19.87
SD (2.661) (5.269) (14.205) (14.198)

O00 degOO()0O0D0D0OOODOOOO

3.3.3 U0
gogd

0000000000000 00000000000000000000000000
000000000000000000000003.10000000000000000
00000000000000000000000000000000000000000
00000000000000000000000(000 ; F(3,33) = 66.15,p < .001, O
00; F(3,33) =30.90,p < .001)00 000 DEEPO OO 34.68deg 0000000000
000 (F(1,33) = 54.45, p < .001, F(1,33) = 53.28, p < .001, F(1,33) = 198.26, p < .001,
DEEP 0 00 LIGHT, FREE, STANDOOOOOOODODOD)ILIGHT O OO FREED
0000 STANDOOOOODOO00000 (F(1,33) = 44.91,p < .001, F(1,33) =
45.99, p < .001, LIGHT O STAND OO OFREED STANDOOOOOO O OO)OLIGHT
000 FREEDOOOOOOOO0O0O0OOOOOODOO0

0000 DEEPOOOOOOOOOOOODOOO (F(L,33) =41.99,p < .001, F(1,33) =
15.76, p < .001, F(1,33) = 85.69, p < .0010 DEEP 0 00 LIGHT, FREE, STAND OO O
OD00O0O0O0O0)OFREEDODDO LIGHTOOO STANDOOOOOOOO00000O
(F(1,33) = 6.30,p < .05, F(1,33) = 45.99, p < .001, FREED 0O LIGHT,STANDO OO
00000O0)0LIGHTOOO STANDOOOOODODODDOO0O0D000000 (F(1,33) =
4491,p < .00)0000000OLIGHTO OO FREEDODOOO0OOOOOOOOOO

A00ogooboboooboboboouoobboboooboboboobbooboobg

56



0320000000 HL MT,RTOOODOOOO

Condition STAND LIGHT DEEP FREE

HL M 2833 2815 291.0 2882
SD  (50.06) (47.10) (40.13) (39.34)
MT M 4203 3797 3788 3416
SD  (84.45) (90.22) (77.99) (86.22)
RT M 7036 6612 669.7 629.9
SD  (86.25) (86.75) (69.55) (81.32)

O00msO0O()0000OO0OOOODO

ggoobodod

00000000000 HL, MT,RTI0O00000000000000 3200000
0000000000000000000 /O00xO000000 (STAND / LIGHT /
DEEP / FREE) 0000000000 O00000000O0O000O
0D0000000HLOOOOOOOO0O0OO000000000000000000000
00000000000000000000000000000000000000000
MTORTOOOOOOOOOOOO0O000O00O000D00000 £(3,33) = 13.18,p <
001, F(3,33) = 20.37,p < .001000000000000000000000FREED
0000000 MT, RTOOO (MT; F(3,33) = 39.48,p < .001, F(3,33) = 9.28,p <
01, F(3,33) = 8.70,p < .01, RT; F(3,33) = 60.36,p < .001, F(3,33) = 11.34,p <
001, F(3,33) = 17.79, p < .001, 00 0 0 STAND, LIGHT, DEEP00000)000 O
STAND O OO LIGHT,DEEPO00O0O0O0O0OODOO MT,RTOOOO (MT; F(3,33) =
10.48,p < .01, F(3,33) = 11.12,p < .01, RT; F(3,33) = 19.38,p < .001, F(3,33) =
12.61,p < .01, 0000 LIGHT, DEEPO0O0C0O)ILIGHTO OO DEEPOOOOO
000000000 00000
000000000000000000000000003800000000000
0000000000000000000000000000000000000000

ggoboobuogoboboooobooboboobbobooobd
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Reaction time (ms)

HL MT RT

800 T 1 T 1 T T T T T T T T
D D '—***—|
- [—**—|
700 F I e}
- T f E E I i
[|STAND LIGHT DEEP FREE o I
r | I
L —**7 I
500 e
~* p<.01 0
*** p<.001 —‘7 -|'
: T
400 T B i
s00 L] -
200 {f
100 f
I 1 1 | —— 1 1 | —— | 1 il

TERE 10T T

038 0b00o0obobobHL MT, RTOOOO0OOOOO
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ggoboo

gbbobbogboobbobobboobooboboboboboooooobod
gobboobogbooobob20bbodboboobboooooooboboobbbo
gbbubooodgbdooobbbbbuodoooobbboobobbooobban
oboovdooboooboobobobooooboobooobooobuoobobooo
ggbbobogboboboboobdobooooobobooobn

Doobobgob 1200000000 RTOD 900 O0DLDOOO0OOD RTOO 10000
gbbbooobogz2bobbobobobobbobbbobobboooonbobo
O000000000 23.3+£88degu 0000 24.8+6.1deg0 0 0O0OOOMOONO?25 deg
gbbogubogbobobdoboobboooobbobbobbooobboobod
gboboobbbdoooogobobuaboobbbobbobooobbbbbouoogo
gobobobobbboooooooob0 FREEDOOODOO0OOOOOODDOOOO0
gbogbooubobbobbooobbobboobbobbboooobbobobo

ggobbboooobooooboobboogad

3.3.4 0O

000000D00000000000000000000000000000000
0000000000000 00HLO00000000000000000000O0RT
0OMTOOOOO0OO0O00000000000000002 deg 00000000000
0000000000000000000000000000000000000000
000000000000

0000000000000000000 (Cotten & Denning, 1970; Slater-Hammel,
1953)0 000 000000000 (Loockerman, 1973)0 0 0000000000000
000000000000000 0000000000000000000000000

000000000000000000000 (premotor time : PMT) 000000
000000000000 0000Schmidt and Stull (1970)0 Clarke (1968) 00 00 O

gbobooboobbdobobobobbuobuoooboboboooboooboooooo
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000 PMTOODOODOOOODODOOO0DOOO (motor reaction time : MRT)O OO
0000000000000 000 PMTOOOOOMRTOOODOOOOOOO OHenry
and Rogers (1960) 0000 0000 (memory drum theory) 00O 000000000
O00000o0oooooOO00D000000D0O00ooO0D0ODO0000000 PMTO
oooOoobO0ooooo
O00ooQoooooUoOoOoOoO0oOOo0oooOoOoooDOoUooooDoooboo
00000000000000000000 0 Furubayashi and Kasai (1990)0 000 O
O00000000000000 pPMTO MRTOOOOOOOOOOOOOOOOOO
PMTOOOOOO0O0O0O0O0O0DOO0O0O0O0COOO0O0OO0O0DODOO0O0O0O0O00O0O000O0O0
OoO0oO0oooooO pMTOOODOOOOOODOCODOCOO
00000000 RToMTOOOOOOOOOOOOO0OO0O0OHLOOOOOOOO
oOooooOoooO0oOoooooooooooooooooooooooDooooobobooo
ooooooopMTOOOODOODOOODOOOODOOODODOOOOOOOOOOO
oooOoobOO0o0ooooODOoDbO0ODbO
OO0o00oo0o0ooooooocoooooDoooooooooooOoooooooo
OOoo00o0oOoo0oooooooOooooooooooooobooOoUoooooooo
000000000000 000000000000DOOO00O000000000000
OoOO00O0000b00ooooooOooOobO00DO00000000b00000O0DOO00ODODDOO
goooooooOopoOoooOoUooDOoCcOCOcOOU0ODOOOOODOoOoOoDObobOO
ooooooooooooooooooOooOooO0oooooOooooOOoOoOoDoOonn
Ooo0o
OoooooooooboooobooOoOoOoOOOo0oOooOObOO0oODbOOOb0bODbODbDOn
O000OCOO0OOC0OOFREEODOOOOOOOOOOOOOOOHLOD 1000000
0000000000 00000000000 2000000000000000000
0000 RTOO 3000000O00000O0O000OCOOO0O0OOOOCOOOOOOO
Ooo00O0O00000000000000000000000O0000DOO000000O
oOoooOCoOO0O0OO0OO0O0000o0ooooooooooooooDooooooboooo

gbodgobobbbdoboobbobbobbobbodboobooobobbboon
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gbogdgbuobodobobooooodan

3.4 OO0

gbogboobbuoguubboooboobbobbobooboobbobboo
gbboooodobbooboboooon
gobogoogobboobboobbobboouoooooooooooboobo
gbogugoogobooobboogbooboooboobooooououbooao
gbbboboouboobooooboudgbbuoooooobboobbbooobn
goodbbboudooobobobbouoobbuobbboobbogbbobbooad
godbogogboobbooouoogbbobooboobobbboobboooobo
gogbobbboobobooobbobbbooboboooagd
goddgobobbdogooboogboobooobobbboobooboooo
ggbobbuodddgobuooooooobobbouooooobooobbbbooada
gbbodggooobooobbobbooboobboobuooobobboboooon
gooboooduooooboobogbboobuboobobooobbbooboo
gbboboooobooodoboon
gboboobooooboboobooobobooooooo 200000bO000
gooooo
gbogbuogbbuodboooboooboobbooboboboobooboboob
gbbooboooboboobbuoboobboobouooobobbbooboboobobbg
gboboobobobbbdooouooobuoooooooboboobbbbobooood
goggbbobooobooooobuooobboobbooboobboboobbobbon
gbogdogbobuooooboboobbboboooboooboobuoboooboo
ggboboooobobon
gbhboobboodbboobboobuoobobboobbobooboooooboob
gboobobobobobbooodoobodoooboboooonog

goboboogbobodasygoobooooboboobbooboboboobboooon
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guotobdodguuoodgbooooobbbbobbuoobogobbuooboobbbo
gdddodoobboooobooobbooobobobboooobbbouoogoa
guodbodobdbogobuoboouogobbobooobbuoobooooon
guobboggbobbouogbbodbooobuooooobobboboboabbod
guogboobbobbobbbobobbdobooboubbobuoobbooobobboaob
gbooboooobboooon
gboobogbdoooobooobbooooobobobboboboooubood
ggobgbobubbbodboobbobooobogbooobbobooboobobon
goboogbboboobdobuoobbuooobdobooboboobooobbobbbo
gggouoobobooboobobooobooodooooobooobooooboon
gbboobgoogbuoodgbooboboboooboobuoooboobooooon
gboobobubooobbboboobdooogubooobboooboobbboadon
gbobogbobboobbobboboobobobbbbbuoobooobon
gbobdodbouooogoboboobooobboobbboooboboboboo

gobdoogobogooobbbooooobobooobboobuobooooon
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[ 4[]
Jobooboobboood

4.1 0O0O0O0O

godbogbboobboodboogbooobboobboboooboooboo
gbogobbdboobobobbaobobobbobobobobbboboooobob
gbogobbobdgouoobbodooooboobbboboboobbbobooaon
gbbooogbbboodooobooboooobbuoooobbbooa

gboboogobbouoogbboogbboboobbobiboboobobobboboodd
ggbdbooobooobobbobuobbbbooobodobodooooboobg
000000000000 00000000D0ODO0ODO0DO00O0OOoOOOO (1986)00
0 OO Bernstein (1996)0 0000 (dexterity) D0 D00 00000000 DOOODOOO
ggdbooobobooobobbbobbooguoogouboooboboboobn
gbbobboouoboobbbuobbodbuooboobobboboooooooobn
gbdobdoodgbuodoooboouobuoobdoooodoobooooboobboooon
goboobogobooboooobobobobbobobooobobboooboo
goobodogd

guotoogogubogbuoog 2000ugbogooboboooobooon
ggboboooobuobboodooboobboboooboobbooboobobn
0000000000000 000000O0D00OD (1900000000000 0O0
gboobbogboooobobooogbbooobobobobobooobbooboabod
gbogbbogbboboouoboobbbibboddoooobooboobooo

0300000000000000000DODOOUODOODOOOOO (199790000
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ggoobobboooobooooboboobboobbbobboobbobbbab

gbooobbogoobooooobooooooboo

4.2 OJU0O0O0O0O0O0O0OOOOOOO0O0OO

4.2.1 OO

goubbbdoogbooobuooooobbooobodooboobbbooobbn
gobddgodoogoobbbooboobuobooouobbobbuoobooobobon
gbboogboobobogooboobbobobuoboodbbobdboooubooogo
gbogbodgbuogodbobboobbbobooboooobooboooboboognn
gugdbobobbdboodobobbbooboooooobbobboooboo
gbobogoogbbobobobobooboobboobboobbuoboboooob o
gboboodgbooboouobobboboogobbbooobboboobuoobbn
goboogobbobouoboobbuoobooobuoooobboooobbobn
gogboboogboboobbdobodood

oot oobbobodooooboooobbobobo
goboboodoboouoooobooobbbboobboobobboonoooo
gooogoogoobobbi42000ogoooboooboobbobboooboobon
0000000000000 000000D0000000000 (Isaacs, 1990; Payne,
1987,1988)0 000 0000000000000 OCOO0OOO0DOO0OOUOODOOn (o
0, 1984, 1987; Wrisberg & Ragsdale, 1979) 00 000000000000 0OOO0OO0O
guoboodoobobdoooooooobobobbuoboobobboboboooon
gbogbbobooudoooouoobbbboodbobbobooboobobobbo
godbobooooboobbobbuooobouobobobuoooboobobobo
gboboooobboooogobbobbboobbooobooobbobbooooon
gouubgbbouabobbobuoobbuobuoobbboboobuoobbooobn
gbogudgbobogobbbobbbooboobbboobuoooboobboooobbo

gbobboboguooooboooboobbooobbbooboobobooboon

65



go00oO0bOoO0o0O0o0O0o00ooO0obO0o00booOobOOobOobboOobDoon

Oo0oO0DO000dodooo0dodoooooooooooooooooogo
00000000000 000000O0000O00000O00DOo00oDoOOooooDgon
0000 (Bootsma & van Wieringen, 1990; Diggles et al., 1987; Fischman & Schneider,
1985)0 Populin, Rose, and Heath (1990)0 00 0000000000000 OOOOOO
0000do0ddoo00obDddoDo0oood0OoooDo00ooOooooOoooOoooo
0000000000000 000o00o0o0ooooooooDoDo0ooooDonDon
0000000000 DODODO00DO000DO000000oDOooooDoOooDoooDoOD
00000000000 bO0DbOO0DODOO0ODO0DO0b00000b00DbOO0ODOOdG Gibson
(1979)0 0 0000000000000 DOO0OO0000ODO0O0OO0DDOOOODOOObOOO
O000000ooOoooooooo

00000000000 (19900 000000000000 oooooooooooon
00000000000 00ODO0DO0DODODO00O00O0DO000DODO0DO000DODO00O0
gob0ob0ob0o0o0obObOO00bO0obO0ObO0000OO00O0bOOoDbDOo0oDDbbOoDbDOobD D
00o0dD0DO00O0o00oooooooodooooDooooooooooooog

0000000000000 00O00D0DO00O0DODO000DO0000ooOooood
00000000 oO0000O0O00O000000O00000DOD0000oobOoOOoOooDog
O00O0O00O0000b0bO00bObObOOo0oObOOo0ooObOOoooooDbODOobObOOoOobOD
0000000000000 o0Oo00o000oO00oDooooooooooooooooo o
0000o0DO00000OoO0d00Oo0o0oooooooooooooooooooogg
0000000000000 0DOO0bOO00O00OO0oD000ooD0OoooOooDOooDO
O0O0000000000oboObbOOoboOoOo0O0obO0oObOOoOoDbOOO0O0obOooooo
Oo0000o0oOoooooooooOoooooooood

0000000000000 D0D0O00DO000O000DO00DO00DOOo0oO0oood
0000000000000 004100000000000000000DO00O00O00ODO
gobo0o0O00bO0O000O00O0U0bO0obO0o0oO0oDOo00DoobDDbOoOoobDbOboOooo
0000000000 ooooooooooooooobOo0oooooooooooon

gboobbboouooooobouooooooooogn
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Pilot Study

SRT (simple reaction time)
10 trials X 2 responses (Fore / Back)

CRT (choice reaction time)
10 trials X 2 responses (Fore / Back)

Experiment *

SCT (simple coincident timing task)
15 trials X 2 responses (Fore / Back)

CCT (choice coincident timing task)
15 trials X 2 responses X 5 conditions

04100000

4.2.2 0O0O0O0O
ud

gobbooobobbooouooboobbbobboobboooboobbooob
0000 (simple reaction time : SRT)0 00 00O O (choice reaction time : CRT) O O
guoudooogoobbobboodooob bbb booua
gogodggobbobbbobootboubooooonbbbooboobobbooooo

ggooogd

g

gt bobboobbobooodgbbooboo1suogoooboad

gbobboobo b42000000000000O00DO0DOO0OO0DOODOODODOAO
ggogbboogoobbobbooobboboboobobooboooooooognon
gobdogogubbboobogbobobodboboooooobooobbobbd
gboouoobodgboboobbbbuodboooobobbobooobbobbono
gbobbobbdoodoobobobbboobobobooobooobboboobobon
O000000000oooooOoO (Kyowa AS-20B) 00000000000 OOO1

kHzOOoooooooooobooboooobob 2000b0bboooobobooog
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20" Color Timer counter
display module
(Mitsubishi (Contec TIR-6(98))
HC39PEX) Parallel output
module
(Contec PO-48T(98))

Personal computer

(NEC PC9801RX)
@ ter

Acceleration Strain amplifier
\j transducer — ™| (KyowaDPM-611A)
(Kyowa AS-20B)

Y

A/D Converter
(Canopus ADX-98E)

A

Personal computer

. . (Epson PC286LS-H20)

8mm Video  8mm Video
(Sony CCD-F340)  (Sony CCD-V90)

042 000000000

oo bOobooboboboooboooooooobobobob 1ooboobbogo
gobdbobogoboobobbooboboobobooob iooboobbobobobon
gbobobogoboboobbbobobbbbbogdb 2b0boboobbbood
gbogbboboboggbuobboabobbbbboobbobuoooobbbobbo
goboobuodgobduabbbooobobbbbooooobbobbooobbboboao
gboobbbboobooobbbobboboooobog 200, 300, 400, 500, 600 ms U

sugbnooboubobbod

gboudg boobobodobobbbobobobbbboobobbobbobbod
0000000 (reaction time : RT) D0 00000000000 OOOOOOCOODOO

(movement time : MT) OO 00000000 OO0OODOOODOOOOOO

goooo

RTO MTOOODOOOOODDODOODOOODOOOoODOoOooDooobDooooooooo

gobooooobooboooboboobo200bob0o0oobbooobRrRTObODOOOD
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041: 000000000b0ooobooooogo RrRTOMTODDDOODO

gobogo googdggo 00

oooo 00 M SD M SD M SD

SRT 210.2 56.41 187.6 38.91 198.9 48.98

RT CRT 256.2 62.24 2445 67.16 250.3 63.90

00 2332 62.88 216.1 61.21

SRT 596.3 96.59 597.1  92.80 596.7 93.07

MT CRT 611.2 64.99 621.3 93.89 616.3 79.51

0o 603.7 81.25 609.2  92.55

000 ms

gogbogbuobuodooobouoooobboboobboooo olbbbboobobn
0 F(1,14) =19.059, p< .001000000000000O0DOOOCOOO0OODO 41000
gobboboog43b0b00obobob 4200 RTOOD 4300 MTODOODOODOO
gogoo
odboboooobobooboooobooRTOObObOODbODbDODD 100 1989
msJUOOO00000000000 200 2503 msO000ms00000nonoon RT
gubodogbuobbboobboobbodbboobuooboubboobooognn
000000000000000000 (Leonard, 1959)0
gooRTOOO0OOOOOOOODOOO0ObODOO0obLDbUoOoOooobboboUobDbsOob
000000000000 F(1,14) =5.208, p< .0500000000000O0OO0O RT
U 2332msU00000000000 RTO 2161l msU000O0O00DOOODOOO0OO0O
gbddododoboboobbooodobobbobbooobbbbboboobooao
gbogogogoboogod
MTOOOODOOoobooboooobooboboboboooooooboooobo
goggboobogbbbouuoouobboooboooboobobbogo
gobobooooooobooooooobobooooboobbob 20000

RTOMTOODOOODO250ms0O0 620 msO 00000 OO0OOODOOOOODODOOO
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Reaction time (ms) Movement time (ms)

400 . . 800 ' .
350 t 1 70| ]
300 1 720} _ _— -
250 1 650} ]
200 } 1 600l ./. i
150 1 ss0f 1 ]
100 1 s00] 4 ]
50 } 1 40} ]
0 L 1 400 ' -
SRT CRT SRT CRT

O 43 000000000 obooooobooobooRTODMTODOOODOD

U42: 0000000000000 RTODOODODODOO

gd goog goog good FO
000 (A) 14 124067.719  8861.980
Simple/Choice(B) 1 39721.974 39721.974 19.056***
(A)x(B) 14 29182.156  2084.440
0oo/ooo (C) 1 4380.571 4380.571  5.208*
(A)x(C) 14 11799.669  842.834

(B)x(C) 1 446.083  446.083 <1

(A)x(B)x(C) 14 18093.467  1292.391

* p <.05, xxx p<.001
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U43: 00000bbooboooooMTOODODOOooooo

0o 0on oo good  FO
0OO (A) 14 323401770 23100.126
Simple/Choice(B) 1 5766.713  5766.713 1.201
(A)x(B) 14 67239.237  4802.803
00O0,/000 (C) 1 448704 448704 <1
(A)x(C) 14 25337.715  1809.837
(B)x(C) 1 328011 328911 <1

(A)x(B)x(C) 14 17751.985  1267.999

gbbogbbuobobbooooboobbbbbuoobboodboooobboobo
00 8700 780069006000 510 ms O 50 UOOOOOOODODOODLOOOOODOOODOO
gooobobboobobosrmms 0000000 oooO RTO MTOODOOODOO
gbboodgbobobooobbouodbobbobuodbboooboboobooooa
gogbbboboooboooooobbbobuoooooboooobobobbobbg

co0Us10ms 0D OO0DOOOO0OOOOO0OOOOObOO0OOn

4.2.3 00O

ERERE

gb 4220000000 15000000000

goobooobad

ggdoogoo4422000000000400440b00d0pooobobobobobao
ggdbobooguoobobobbobuoobobbobbbooboooobbbobboobn
gboudgbogoboogbbbooboobuoobuoodoooobbobooboboboo

gobboooboobobbooooboobbobobobosmmsbobooDDOO
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Starting point

(< Display >

265mm
< Backhand . <Forehand >
Coincidence Coincidence
timing point timing point

044 0000000000000 0O00DO0O0OO0OO

gogoooogboboobouboboobbbboobboobbobooobooon
goboboubuodggbbobobooobobgobobooooooobboobon
gbbobobobboboooobobbbbobobbgobobboobobooboon

gob42200000000

goo

bOoobooooooboobooobooooboooobooOooboOoOobOOobObOO 1su0boooo
000000000 00000000000000D000000 SCT (simple coincident
timing task) 0 000000000 42200000000000000 5000000
00000 (@oooooo 870, 780, 690, 600, 510 ms) D 00000 30000000
goboooobobodboooboooododooboooobdooooooog 3o
000000000000 CCT (choice coincident timing task) 0000000000 O

gobbobboodooobbbbooobobobooooboobobbbboobobn

gooo

gobbobuogobobobooboobooboobobbuoobuooboboan
00000000000 00000000000000D0000000 (constant error :

CE) DO OO0 (absolute error : AE)O O OO O (variable error : VE)YOO OO OOOODO
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oooooo0o RTO MTOOOOOOOOOODOO RTOODOOOOOOOORTOOO
000000 (probe reaction time : PRT) 00 0000 PRTOOOOOOOOOOOO
00 (probe) 0000000000000 DOO0ODOOOOOOOOOOOOOOOODBDOO
ogoo0b0O000boOo0o0oO0oooooo0ooOobOOo0oOoOooooocoooOobOOooO0bonod
Oo0ob00oooooooobodoooooooooooooooooooooood
cobobooooboooboobOoOoo0oOobObooOobobOobOobOoO PRTOODODOOO
000000000000 PRTOOOOO Abernethy (1988) O Heuer and Wing (1984)
Oooo0ooo
ooo0oo0ooooooOooooOoOoOO0O0O00000000000000000000
OO000oooobooobooXooyooooooooooOooOobOOOAEVEDODOOO

gogbooogo

4.2.4 0O0O0OOO
SCTUOOOOOooobDobDOoboooooooon

SCTOOODO0OODOO0OOO00ODODODODDOOOOO0OooOOoOOboOoOoO CE, AE, VE
0O AE, VEOOOO 00000000 0O0O0O0ODO0O0DODOODODOOOO00oooOooD
gobobbbobobbo440000 /0000000000000 DOODLODLDOO
goooocccrobooboopboboboobbboooobbOooobbooooooOoog

goodgboodn

ccropooooopooboonogn

ccroooobboooboobbooobboooboobooobobboboboooDoD
OooopooooDoOobODbD45000000000000000O0O0O AE,VEODODOO
00000000 (5)x 0000 (2)000000000000 20000000000
gbooobobooooboboobooooooobuoobobooobobobooann
ggboobbobubgoobbbbuoobobobbobbobbooooobobbbo

gbboobuodgbobbobbodobobobbobboobboobuoobobbobood
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044:. SCTOOOOOOODOOODOOOOO

0ooo0ooo 000000
0000 M 5D M 5D
00000 CE (ms) 469 3497 335  24.66
00000 AE (ms) 603 2279 546  13.13
00000 VE (ms) 421 1223 498  14.17
000000 AE (strings) 46 130 52 201
000000 VE (strings) 1.8  0.66 1.6  0.72

045 CCTOODODODOOOODOOODOOOODODDOOO

AE VE

O0O0O0oO0oo0ogo M SD M SD
ooooOog 4.8 1.78 1.0 0.38

870 ms
OOogogog b5 244 1.2 0.64
ooooOoOg 5.1 1.44 1.5 0.74

780 ms
oooggg 5.2 1.93 1.2 0.70
oooogog 49 1.59 1.5 0.92

690 ms
OoOoogog 54 243 1.4 0.83
ogoooono 5.0 1.92 1.3 0.80

600 ms
OOooggg 5.8 1.80 1.2 0.70
OOoooOog 49 1.64 1.2 0.98

510 ms
ooggoog 5.6 1.77 1.1 0.39
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0O 46 CCTOOODODOOOODOODODO CEQOODOODOOO

oo oogd ood oogd FO
ooo (A) 14 621010.055 44357.861

000 /000 (B) 1 5334.202  5334.202  1.145
(A)x(B) 14 65238.715  4659.908
ooooooog (0) 4 279111.209 69777.802 49.829%**
(A)x(C) 056 78419.559  1400.349

(B)x(C) 4 2183.991 545.998 <1
(A)x(B)x(C) 56  61009.837  1089.461

%% p < .001

gbobogbbdbuogobboobobouoggbooobbobooooboouoon
gobbodoooooboboobooooo2000b0oooboooooooon
guobgooooooooobobubobobbobboboboobbooboaon
godd20bougoboooobbbiboogbuoboguboobooooboonboo

gbbodbbouoobboobboooobon

ccrobnoobbooooon

CCTOOOO0O0000D0D0O0O00000CE, AE, VEOOOOOOOOOOOO (5)
x 0000 (2)000000000000200000000000000CED AEQ
00000000000000000000000CE ; F(4,56) = 49.829, p < .001, AE
. F(4,56) = 29.191,p< .001)0 0000000000000 4600 4700000000
0000000000000000000000000000000000000000
000000000000 0000000000000000000000000000
00O00oooooood

00000 SCTO CCTOOOOO0O0OOO0OOOO0OO00000O00000O0O AE
0000000000000000450000000000000000000000

gobubbbobbbbboubodbooobobobbboobboboooobb
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047 CCTOODOOOOOOOODODO AEODOOODOODOO

ud gad god goog FO
000 (A) 14 396148.982 28296.356
0DO00/000 (B) 1 456.928  456.928 <1
(A)x(B) 14 43088.710  3077.765
O00000ooo (C) 4 182688.798 45672.199 29.191***
(A)x(C) 56  87616.128  1564.574

(B)x(C) 4 2359.758  589.939 <1
(A)x (B)x(C) 56 36089.864  644.462

* %% p < .001

gbgboogbobouobuoouooooboooobuoobbbboboobboonn

gbbooboogbboooboboaooboobobo

ccToboboboobooooobobooboon

000000000000000000000000000000000000000
000000 (PRT)O0O0OO (MT)DOO0O0O000000000 (5)x 0000 (2)0
00000000000 200000000000000PRTOO0000000000O
000000000000000 F(4,56) =48542, p<.00100000004.60000
D000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0 690, 600, 510 ms0 30000000 100ms 000000000000000000O
0000000000000000000000000000000000000000
D000000000000000000000000000000000000000
000000000000000000000000
D000000MTOOOO0O0O0000000000000000000004.600
000000000000000000000000000 MTOOO0O0O000000

gbooogobbobbbobobbbbobbbbboooboboboodaboooboob
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300

250

200

150

100

50

0 4.5:

Timing AE error (ms) Spacing AE error (strings)

¢ f

1 1 L 1 1 L

L
O = N W & O O N ©

scT 8|70 780 690 600 5‘|10(ms)

870 780 690 600 510
ccT ST

ccT | (ms)

goboobboobooobobboobbboobuoobboon

Probe reaction time (ms)

400 " L | | | | | | J | |
300 b
200 b
100 b
0 L
-100 b

200 1 1 1 1 1 1 1 1

SRT CRT SCT 870|ms 780ms 690ms 600ms 51 Olms
CCT

Movement time (ms

900 T T T T T T T T
800 I -T - —_ 1
700 I -
600 ‘ -
500 -
400 - -
300 1 1 1 1 L L 1 1
SRT CRT SCT 870ms 780ms 690ms 600ms 510ms

' ccT '

UO46: 0000000 PRTO MTOODODOODOO
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gogbobbbodoooobbbooobbobodoobbbooboboobo

4.2.5 00

gboobbboooobboooooobobooogbbobboboooooobon
gbbogbuogobobobobuobbooobooboboboouboobbo
gbbogbuodbodobuobobbobbbbuooooboooboooooobod
gbbgobbooooooobooobobooboobboobbboobooobbboo
gogobbooobdobooobboogoboboboboooboobboabd
gbbboboobbuobobouobooobobuoooooobboobbooobaob 2
gbogoboobbdodgbobbbobbbuodbbodboboooobboobbon
oodbobobooobooobobooboooobboooboboopPRTODODODOOO
goobobodbooggooooogbbn

bbb oboobbooobbbbbbuobbouooboboboon
ggbbogdgbooobbbbobuoogbbbooobbbodooobobbooon
O0oooooobogopPRTODODODOOOOOOOOOOOOOOOOOODOOO
(Schmidt, 1988) 0 0 00 00 0000000000000 OOOO0ODOOOOOOODOO
guogbboboooobuogbbooboobbbooooooooooooooaoon
gbooooboopPRTOOOO0OOODODODO0O0ODOO0O0OO0OO0ODLOOOODOD 6900
6000510 ms OO O OPRTO 100 msODOOO00O0O0OOODODOOO0O0O0OOODLOODOO
gobbdodgobuoddoooooobuoooboobobooobbooboooboba
guodboboogooobobbboobouboboobbobodgboboooobon
gbooooogbboobobuogbogbboboobboobboobooboon
goubodgboobogbobodgbbobbobobbodbobboobboobaod
000000 (parallel distributed processing) D0 0000000000

gbbougboobuoooooobboaooobobbbbbbobbbbboobobd
gobbobobobbdobbbodbooogbooboobboobodboooboon
000000000000 0000D000000000D0O0 (Payne & Michael, 1990) 0 O

0000000000 (viewing time)0 100 ms0 150 ms0 0000000000000
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Target Start

Probe Presentation
870ms

Prepare
Motor
Programs

for

510 ms
Before

Coinc-ident
Timing Point

Before /\
VProbe Respons

Identification Selection>

/ Responst>
Identification “Selection

Executing
Preparatory Motor
Program

Forehand

Probe
Backhand

Executing Selected
Motor Program for———
Spatial Control

Forehand
and
Backhand

Executing Timing Control Program

U4 0000000000000ODD 2000000000000 O00O000ODODODDO
Uoboodog 8roms DO0ODOODOOOODOODODOODOOO0O0OMOms DOOODOOODOO

ooogooooboooboboooooooooo

O00D000000000000 (Whiting et al., 1970)00000000000COCOO0O
0000000000000 0000000000000 (time - sharing processing) O
guooooobooooobobo
godboboudgoboobboobobobooobboobobooobbob
gouggbobooobbuougbbugbboobobooooboboouoboobb
gbuogobuoobobbuotootobbooboboooobod
ggbodbooooboo4vyguopoobuobbbobboooobbooobnoon
gbobouoboooboooboouooobobobbob8oms 000000 510 ms U
gbooubbogbobobbbobbobooobboobbbbbobbbooooon
Ooobbooooboboobuogosmms 0000000 OD20ms000 PRTODODOO
gbbogdboobobuooooobuooobooboobooooobobboobon
gboobooooboboobbbogsoms0bobo0ognDPRTO 100 msOOdOd
gbouboboobugboogbooobboobuobbooooobboobbooboo
guobboogobobbdabboboooutoooobobboooboooboodobada
gooodgbogboooboboobboobbbboobbooobuooboobobo

gobogboougbbodgbgoboboboobbbboobbobbboobobood
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gggbbbdobbobobbbodoodoboboboobbboobboboobbobbb
gbobgbooobooboboobboobbbobboobboobbuoobooobon
gbobotoggbuobooooboobdoooooboboobbobouunoboooo
guouboggbuobbabbbodobuoobbboooobbboobobobboo
gbogoubobobdubuodubooodoooooooooooobobbboobbo
goooboboobooobbobodougoboobboobobbobooooooo
goobuobogboooobobooouoooobobooooooooooobDbo
gbbouobuoduoobobboobbooobbiboobbobobdugooobbob

000000 (Arbib, 1989; Whiting et al., 1992) 000000000000

4.3 U0OO0O0OO0OO0OOO0OOO0OOOOOOO0O0O0

4.3.1 OO0

420000000000000O00DLDODOODODOODLDD 2000DOODOODO
godgbobdoboodgbobbboboobbobboobboooboboooon
gobobogodoobooobobobuobbooobbooooobobooboboon
gbdoobogbboobuobooobuoboooboooobobbbbouoon
gbogobbgbuobbogbbooobobboboogboobboouooooobn
gbobooboooon
gobduoobooobboobodooooboooubooobbbooboon
guogboogboooboboibbooboobooouobbooboobooboob
gbodgoboobbobbbobobbbbbbboobbooobooooboooo
gbboodgbobobobobbodobdooboobbooboobboobobbob
gbobobobboboboboobbobooooouooooobbooobbbooobon
gbboooboboobooubogobouoobbobbogoogbouooooaon
0000000 (Davids, 1988) D0 00000000
gbbodooobboooooobboodobobboboaobbbobobbbobbbd

googoboobbdoboobbodboobooobbuoobobooboobbon
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gboboogubobbdoooobdoboodgbobobboobbooobboobbo
gboobgbogbuobobbooobuobbooooboobbooboboobobon
gboubgoouoboobobbooooboooboobboubbooobobooo
goodgdgboggboobbbbboooobobboobobobboooobobo
gboogbbdoooboobbooobbbboood

00 (1984)0 0000000000000 0000O0DOO000D0DOOOODOOn
gbobogbuodbooubooobobbboobooooooooboooooobood
gooboobbbooobbbbbbodgbbbbouuboouboouoobogo
000 000 0OMelntyre and Pfautsch (1982)0 000000000000 0O0OODO OO
ggbuodbogboobouoboboobbobooboobooouooooobonbn
000b0doobobobobobobboooobbooobboobobbOobbbbOob
goubboobdoooboogboboobbbbboooboobboooooobooboon
gogooboobobogbubbbboogoubogoobooogooooobn
gbuobooouogbooodobboboobuoodgboobooboooooooooa
gbodbddooboobuooobboobooobboboooobbuoobboon
gbobooobobooogbgbobbobogbbogbobobobobbbboobbo
gbobooboogugoggbooboboboobboobuoobbuooooogo
gbobobboooouobooboooobb

000000 (1984) O Mclntyre and Pfautsch (1982) 00 000000000000
O00000DOHay (197) 0 0000000000000 0OOOOOOOOOOODOOO
gogbbobooouuogooodboooobbobbbooooboobaobooo
gbbouodgbobboogodgbobobbboobuoooobdgboaubbobboad
00 000000000000 Bernstein (1996)0 0000 (dexterity) 0000000
000000 (level of tone) 000000000000 OO (level of muscular-articular
links)DOOOO0OO (level of space)D00 000000000000 (level of action) O
s000000O0O0DbOO0bO0bO0o0o0boboobobooobbOoboboboboon
gogubboboobooboobobbbodooboooooboboobboon

gubobogdgbobobbooodbobooubobboogboboboobbobn
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gbbogbbobbbobbbobbuooboouoobooboooouooboobood
gbboooodbbbuooubooooooboooboo
guodogboboobuooboobobuobbobboooboooboboobg
gbboboouguoobbboobobobbooboobuoobbuooboooobon
gbobogbbodbodobbboboboobuobbbbodboboboobbobood
00000000000 00000O 000000 300000000 (DOO,1991)00

goo

4.3.2 00O
ggd

goboooouobodbD 20000 220000 3000000000000000
gbooog3sbgdboooouoboobbbboobboobbuoboooboon

gboooooooobob3sgbbooooobooboboobobbobb

goo

gbdooooubobooobbobobbbobboobobboboboboogd
gbobdoooobooubooobbobogouboboooooobooooooon
gbboboaoobbooobbboobooobooobboobboobuooobon
guodogbobuobbbobuoboobobobogobbooouobooobbbbooobo
gbbogouogbbobbooooobobobbbbbbobboboobbboouga
0000000000000 000000000000000D00 (Alston & Weiskopf,
1972) 00 00 0000000000000 0O000ODO00DO00DODODOOODOOOoOoOOO
g sgoouabbobobbdobobuoouobobbbobbbboobbbaab
goobobgooobboobuoob bbb oo bbb boobobobd
gobobodguodgogabbobobbooobuodgboobobooboo2000b00

gbooogon
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Controller

NAC HSV-400 #1

048 00000000

goood

ggodoooobooboboooboboboobobobbobbboobobooooooo
O000000200000030000000000 DLTO (Adbel-Aziz & Karara, 1971;
00, 1983; Nigg & Cole, 1994) 00000000000 OOO0OOOOOODODOO 200
000000000 (NACHSV-400) J0000O0DO 200 Hz0000000000000
gbooobobobbooobboo 40o0bbo0oboobooobboobooooobs
gogooboobbobodoooooob 49mm obooobbobobbobobbo
gboooooboooozooooboooXgooooooboooooboooboboooy
gbooo20b0bodgbbolgboo3gbgbooobouobooobooboon
0000000000000000 1/250s00000000000000D0O000O00O0O
go48000o0oobooon

00000000000 0000000 200000 VTR (Panasonic AG-7355) 0 00O
O000000000000ODO0OD0OD (Sharp X-68000) 0O O0OO0OOODOOOOOOO
goubbobbobbobdbodgbodggobobbobbboobbuoodgobobao

gbowobobooboobobbbbbodobbobobooobooobooboono
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4: right hand center

5: left hand center 47 S tip of bat 5> 3: bat alignment
6: right wrist : head 11->10: s.houk.:ler alignment
7: left wrist 4 . 13->12: hip alignment
5 éﬂo 10: right shoulder 13->15: thigh alignment
5 87T 11: left shoulder
8: right elbow glg>
9: left elbow S 1: ball
hip joint
12: right hip /i 13: left hip
knee joint
14: right knee 15: left knee
16: right ankle 17: left ankle
2.36 0.79
18: right toe 19: left toe 4.57

049 000000000D00O0ODO

ggbboooobbooooboobbooobbbuoooobboogdb 19004
0000000000000 0000000000OO0OOn (SUNSS,)ooooo20o
Doboboouboboobob sgbobbbobobbbooobuoouoobobbod
gboobooboOobob0obboOobDbOn 20HzO 200 Butterworth OO OO OO OO0

gboogboobobogo

googdd

ooooobO01vobooobooboobooobuoboboobo49b000bb0obOoOon
gbbouobodgbbouobobbobobobbobbuooobbuoooooobon
gbbbbbdooduooooobooobbbooobboobbbooboaobboann
goodooobobobooboodobbooodoobobuobuobobobooban
gogdbbobuoooobuoooooboboon

DoogoooobbooboobooobobobooboooobboyYyooono
gboubbdoobbbobooobbbooobobobboboobobbbooobo

gboooobobbobobooooob o000 yYyobuoooooboooooo
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(m) Subject 1 Subject 2 Subject 3
14 T T 1.4 1.4
O inside o
12H @ outside (o} 1. @ s R B O o}
e O, lo)
1 O 1 1 '
o 5 o o
08 @ 0.8 : ® 0.8 ’
o i
0.6 ® 0.6 0.6, ®
“hoa 0.4 L4 04 hd
: . ° :
02 0. 0.
06, -04 -02 0 02 04 o.?m) 06 04 -02 0 02 04 06 -06 04 -02 0 02 04 06
\ — — —

home base plate

U410 000000O0OO

godbboobobbooooobooobbboobooooboboobbbooo Yoooo
goodouobobubbooboonbdg
ggodgbbbbbotboobbdouooubooooboobuobbobuoboboo
000000 (movement time : MT) OOO0OOO0OO0O0OOOOODOOODOOODOO
gogbdgoooobobbbooobbobobooooobobuobououonL o
gbgbbobududogob oo bboobobboooooooboua
000000000000 00 (Hay, 1978; Messier & Owen, 1985) 00000000 O
gogboodoobbdooobdoodubobodub oo buobobuboo
guobbdogoooooob bbb obbbbbbooooo o ooobn oo
00 (downswing movement time : DMT) 00 00000000 OCOOOOO (MT)OOO
gudggobooobgobobbobb b oooboobnbbboooon

gooooboboggboo

4.3.3 OO
ggoboogogo

g4ioboboboooobboooboboobobbuoboobooooboobooa
goodoboodooooooboboobbbboboyuobuoboboobooboooooo o
gbb o032 £010mb00dboogoobon -0.10 £ 013mbuoooogogn ¢

00000000000 YOOOOOOODOoOoOoooooo (¢(28) =9.87,p < .001)00O
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googoooobgoobboooooboobob1mbbOoOoboOOobObODOODO0
0000 307+ 1.04m/s00000000000O0O 31.0+0.78m/s00000000O0O
0¢:00000000000000000000000000000 (¢(28) =1.06,n.s.)0
googobooooboboboboobbooobbobbobbobbooboboog Yd
gbuoobodgooboouoobuobboobobbooobuoobbbdoboobooon

gbgbdoooobobobbobbuoooboooboobbbooooon

gbogbbobogoobod

480000000 sb000bbood0gobobooobbooobobooooan
gobooggobooobod

sgbg200b00oooboboobboobobooooooobooooo MTODOO
OooooooboooobooboooooooMTOOOOODODODDODMTODOOO
gobogoobbbbdooboboobboobooboooboobuoboobob oo
ooobooooooboooobbbboboboboobobobooobo 1o0oboooMT
gobouooogobbbobobbououboudgbooooboooobobooob
guobodubobobdoooouobdudoobuouooboboboobobboobobobo
gbgooboobooobobboobuouoooobooobobooboboon
41100 00

0000000 (Breen, 1967; D00 OO, 1983; Race, 1961) DO O OOO0O MTODO
gooooobobbbD 20msd0b0ObOO0O0D0OD0OO0OOO0OOO0O0O0ODLODOODO
guooboddgooooboobbobobuoobobobbbboooooobooboo
gbogooobuodgbbbooobobbouoboodboobobbobboobon
000000000000 0000D00000 0 Mclntyre and Pfautsch (1982)0 000 O
goooooobobbboboboboobbboboob 20000b00b00b0000b0
goodgbdobogoboboboobodbbbogboooboobooobboobbon
gbooboboobogugooogbboboobbbboobbbobouoboooaooboo
googuboooooooooobouoobobooboobouoobobbooanb

godobobbobbbooobboobbboobuobooobooooooboboo
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048 00000000O00OOODOOOO0ODOO0O0O0

Subject 1
Inside Outside
M SD M SD
Movement Time (ms) 218 9.3 215 15.2
Downswing Movement Time (ms) 47 5.1 45 7.1
Peak Angular Velocity (rad/s) 54.1  7.62 40.8  4.41*
Subject 2
Inside Outside
M SD M SD
Movement Time (ms) 243 129 220  12.3 **
Downswing Movement Time (ms) 58  21.6 62 5.1
Peak Angular Velocity (rad/s) 56.0 3.41 479  7.18*
Subject 3
Inside Outside
M SD M SD
Movement Time (ms) 250  11.0 227 6.8 *
Downswing Movement Time (ms) 39 10.7 43 9.3
Peak Angular Velocity (rad/s) 499 941 40.6  5.47*

*p <.05,xx p<.01
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oo
dodobooooooooooodooboodoooounoonooooooooa
(Bootsma & van Wieringen, 1990; Wollstein & Abernethy, 1988)0 000000000
Jooodoodonooooodonoooonoooodoooooooooooo
gobouooboooogooouoobooobouooouooooooogo
goooooooooooooboooobooooooooooooooooooood
oooooooooooodooooooooooononooooooooooooon
0oooooodoooooooooodg 2000000000000000000 0O

goobdobodn

gbogooooboooboobooo

goodooooobboobbboboobbbboodoobobdaobooooo
gobdbbodgoooobooboobobooboboboboooboobobobboon
g411gggbooobobobooboboboboooooooooooobbbboobon
gbboobooobbooobobobooob
gogobodbboooooobbbboobbbooobbbbooobbooboobod
godbbobouooobdoobbooooooobobobbobbbobobobobbo
gudobogbboboodgbboubbooooooooobooooobbobon
gboooobbbbobobooooobobboooouoboob400msgnonoO
Doboooogobdgb 1oomsdbobobooobobooobooboooogb
gbbodgbobuooobuoooboooobbboobbobooobobobon
gooogoogooaobbbdoboboboboooobobbogoboobbooogon
guoboobbobobbbooobobuoooboboobboobboobobobd
godbbdgobodubdoboobbdoboobobbobboooooobbodanb
goboodboobooooobobooboobobobobboobobbooboobobon
gbboooogbouobooboooobobbbbbbobboobbooboon
gobdboouoobbobobubobobbooooboobobbboooobn

gbobobbobbbuobooboboobdobboo
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(m)  Subject 1 (m) Subject 2 (m) Subject 3
1.5 1.5 1.5

-©-0 Inside
1 —e—e QOutside

® 50ms beforel
contact

Overhead view

Side view

0 411: 000000000

gogobooboobooogodgon

goodgbobooooboobobobbbboboboboobobobbobogdnn
goboooboobobobbbbboooboooboooooo 41200000 oobooDoo
gobogbobobobbobbboooobooooooob obboobOoOobOoboDbo
godooboobuououoobboooboobbobbobboooboobbobobooob
goooboouboboboboboboboobbobboobuoboooobobood
gbgbodgbooobobogboboboubboobibobobbobuodgboognb
gbooggbguboobuoobbuobbbboodbooobooboobbob
00000 (Knudson, 1990; OO, 1984; 0 00O OO, 1983)0

gogg3gbooboogooggbogobobbobbuobogbdob 200000b000
gbogbboooboooobbobbooboobbbobobooobooobooboon
gbooogbboobobooboogoobobo120ms 0000000000 O0O0OO
gbbobbooboobgouooboobb somsdbobbbobooboobooobogo

0000000000000 000000D0000O0D00000 Hay (1978)00000O
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ISuMeqt1l _Subject 2 _ _Subject 3 _

0.5 0.5

—— Left thigh alignment (LT) : Ball contact
= Left knee joint (LK) is
[ === Hip alignment (H) 4s ] %4 Ballrelease Y ] o4

"""" Shoulder alignment (S) g
Bat alignment (B)

1 03[ 1 03

b 0.2 1 o2

1 o1 1 of

0 ; . ; . . i 0 . . . . . i 0
-600 -500 -400 -300 -200 -100 O 100 -600 -500 -400 -300 -200 -100 O 100 -600 -500 -400 -300 -200 -100 O 100
Time(ms) Time(ms) Time(ms)

U 412 000000 10000000000000O

gbbooobobooboubobubuobbodooooouoboobooobogao
guoboooboboguoogboboobobbooobuoooobooubooooboon
gbbbbodoobdoobbodobodouoooobobobouoodobooboboobobn
gbooogobodbobbobbobbboooouoobboobboboboobobon

gbogogbobobodaoboboo

4.3.4 00O

oboobooobobbobobboobboooobobobooboboosboon
gboooooobbbooobobbboooooo

goobbobouobboodgboguobbbooobbbuoooooubooosbon
ggobo20b0bbboobogbobobobobobuobbooobooboboooaon
gbobobooboobooboboboooobbobbbo0bOobUUU o Wollstein and
Abernethy (1988)0 000000000000 O0O0ODOOOOOOOOOODOOOOODOO
gboobobboobbbbooooboboboobbobooobooobboboboan
ggbobooooubdoooobbdboobobbooooboboaoboooobobon
gbbooooobbooobbbboobbbooooobbbooobb

gobodgobobooouooooubooobobouobobbboooobooobon

godooooobdoooobogbuooboooobooobooboobooann
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goobodogooboooobo20b00o0ooobobobooobbobooon
gbgbooooboogbbuoboobboboobooobooboooboobooon
gobobobooogobbobbbooooooooobooboboboboobobobobbooon
gobbboooobobodoooobobbooobobuobooobbooobn
gbgbuobodgboobobbbodobuooboodobobbuodgbobobodoad
goguoobbooobbobobogouoobuooooobooboboobobooooobn
gbbogbobobobbooooooboobboobuooobubboobbooboo
gbuoogboodgboboubuoooouoooboboboobobobobbooobo
gboboboboobo4110b0oobobobooboobobobobbooobo
goboobbogbooogbboodobbobobbooobbooobbooboboo
gbogbbdoboboooobobogbboobooobbobboboogooooo
gboobboboobbgobboboooobuoooouoooguoobbooooooo

gbboboouoboboobbuobobbboouoooobbouobbbobobobobb

4.4 OO0

gbuobgoogbbuodoooobboobuooobooboboobobbobboon
gogbbbbodoodoboouooobbobboodoooo

gobobogobodog20bdgoboobobobboboboooboboob oo
gogbobbuodoobooobuooobooboobbooboobooobodo
gbobobboboboboobubboouoboboobouoobooboooboboooo
gbobbbdbouoobobobooooooooboboboboboboooobn
gdddooooobboobbtoobbobobbuoooouoboboooboouoon
gon

guodbudboogouogooobbooobuooobbbboooboboobao
gbbodgbboobuoboobboodgbuooobobbbbboobbobooobod
suggobubbobooobodbotboouuoobbuooobbuoobobbooon

goobbogogobbobooobuooubboobooboooboboobbon
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Jogogoooooooog

*DDD DDDDD*
W—J L
|DD |DD| 00 |

000D \00O00 |

. ODODA

gooo

Jogooooooopoon

*DDDD DDDDD*
W'J L
m”_l L

0o g
00 §
0o |

o000 ooQ
. OOODA/B

good

0 413: 0000000 (030)000000OO0 (D40)00D00O0UDODOO

gobogboooboooooobdboboooooobbouoobboooboooobn
guoboooodguobogooboooooobboboobobobuoooobobod
gbboooboobooboubooouooouoboboobooobbbbooogo
gboboobbdobbbobobooobuobbobobboobbooobobooaoood
goboobobboogbbobbboooobboobbuooobobobboooboboo
gobbboboobo4130000
g3bbubgbugooooobbooboobbboboobobbbooabo
gbogoobbdooobbbooboobboobboobboobobbbooood
guodogoogoobboboboobogboboobobbbboobbobuoooobon

gbogobooboboooobobbbooobboboboobbooboooooobooobn
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gbbodbodgudgobbooboboooubbobbooouobbobbbobon
googuoobooobboooobooboboobboobboboobooboboboboo
gbboboooogboboooobon
guobogbuotuogouobbooooooboooooboboboobobooobobobb
gogobogobgbdobdoobbdobbboobbobboouobbbobobbooob
gbobooouogooooooooobooobobbobobobbobbboonooon
goboboobooboboboboibobbobboobuobboggbbboooboboo
ggdooboooobbbobobbbobbobbobobobuooooouooogoon
ggbbbboododboboboobbooboooooobbboooobobooon
gboooobbodobbouooobboobbobboboboooooboboobboobo
g3bboboboogbobabooobobuooboagbuoboobobboboooobod
gobooooobbobogoobbobbgobbbooobbogboagooooonbod
gbbobooboboobboobboobboboobbooobuoboooooon
goobbboodgbbobbbtoudobbooobbobobbooobbobaobo
gbooobobodoboboobobobbodbooobbobbouoooboobooobobo
gboodgbobooobobuogoboouobbbuooobbobboobobobbobb
gugbgbooobboogubgobobbboobbobbboobbobooo
goooboboooodobbobbbbbooobobbooobboooboboo

gbobbooooooboooooobooboboooboobobobooboobo
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50
Jodobobooboboodd

5.1 0O0O0O0O

goboobobooooobbooobobobooboobbobdabobobab oo
ggbbobobboogbbobboobooouoooboooooboobon
gbbobooobboligboogoobboobbooboboobbobooboboboobd
gogoboboobobbobdobooboogbobboooobboooobboobooanb
gobobbogobobooobooobobobbobobbobobbobboboon
000000420 00000000000000000000000 (Schmidt, 1991) 0
gboobobodbooobooououoboobbooobobooboboboooboon
gobgobbboobuooobodobuoobbuooobboobbuooooonooboon
gboboooogoggoboboobbboogd

goddboogoboogboooboouoobbbobbobbodgbboobobo
gbooboboodbbboobdododouogobuooooobobobbooboooboboa
gbooooodbogoboobobbooboboboooobboboobbobon
gbobogobodgbobobbobbbogboobbooboobbobbobooon
gobdgbbboodgoboooouooobbbooooobboobooobobooboon
gbogbooodbboobooobboobobobboouooboobboobbon
gbogobodbobbdddoooouoobbooboboobobobobbooobon
goodgbdboboboooobouabbbuodgoobodab43uboooooon
gugoobbboobbuoobobbobuobbbobooooobobbooobbo

gboouooobdobboobbbbbooodobobouobbb
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5.2 UUUOOUOOUUOOOUOOO

5.2.1 0OU

000000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000 000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000 000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000200000000000000
0000000000000000000000000000000000000000
0ooooo

000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000000000000000000000000000000
D0000000000000000 (1999b), 00000 (1999), 0000000 (1998)

gobogobooobd
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5.2.2 00U
gdd

gobboboboubobodgbbog3dbuoooboobbobooagboooboan
gbbooooooboobobobobbi1iosgbbobbobob 20 12000000
gbb0 30 Bgoobogoobbbbboobbobbooobbboboboboon
0000000 (JpTA)DOUODOOOOOOOOOOOOODOOOOOOOODOOOOO
goboudgogobuobogobuogbobbouoobboboboobobaobaon

goodgobbooooogdaooo

gooo

000000510 0000000000000000 (Tennis Tutor M2) 00000
000000000 4m/s0000000000OO00OOOOODODOOOODOOOO0O0O
000 1mbO000o0o0ooOO0o00 2000000 1mO00 04mOd0oooooon
gobuogbodgbbobubbibodoooooobbooooubooooobobob
goboogbobooooobooobbbouooobbbobbobbbooooooobon
goboooooboogoobboogboboogsguobboodoog 1ooaan
grobboobobobobbbooobbobo 213 mdgnoboOgsgooon

oobobooobboobosobooboogonbbon

0000000000000 D0 2000000 3000000000 DLTO (Adbel
Aziz & Karara, 1971; 00, 1983)0 000000000000 00O00O0O 3000000
b e0HzODOODODODDODOOLOOOOLOOOOOO 0L OobboOoboboobuobobDbo
0000000000000000000000ODO000OOO0OO 1/250s0000000
00000000000 D00ooOoUoooOoooooO (Omron S3D2-CK) OO
00000000 (Omron E3V3-T61) D00 OOO000OOO0OOOOOOOOOOOOO
ggboobgbuoobobboobbboobbobobbbooubbboobbob
gooooooboosgoobooozoboooobbooXoooooboooboooobo

gbooydoooo20bbooboooboobobooboooooobLrobooboog
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3 Video Recorders
(Sony CCD-RV100)
Video Time Counter
(Nihon-Jimukoki
@ CCD Camera VTC-400)
(Sony DXC-107A) Camera Adapter
(Sony YS-W230)

Y
o~ ] Backhand Side 3

, L N\l 7 Ball Machine

---------------- O

. 0.4m i Optic Switch

+ - " Forehand Side p CCD Camera
7 One Bounce (Omron E3V3-T61) §l (5ony DXC-107A)
o Area -
2.13m
ﬁ CCD Camera
(Sony DXC-107A)

usl:0000o00ad

gooboooobboooboboooooboooboboboooXooooyooboz

gogooboobodol+£07emtd =01£12emd—-02£07em 00000

ggo

gbboobodgobobboobodguboobooououooboooboban
000000 212s000020/0000000000000000000000O0
gobotoodbobdoobooobbdooooooooooooboobbobooobog
godbboooodoooooobooooboboooooobobobobobobbobonoann
gboodboogooobooboooboboooobbeotgobboooobbbogo
gubbeobbugobobubobbo20dooobboobuoooobood
gboooboboobobooooooobboooobobboobboboobeob0obOOO
gbouoboobuogoouoobobbboobobobbbooooboouooooobo
gobbo2bdggobobobbougbooobbobobbuogobobobobb

gobooodobobbuobbdobobooabbboboobbbn

googod

Doboooboboooboobbobbobobooooobbooobooon 500

0000000000000 000000400000 200000000000 (OKK
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Motion Grabber) 000001000 600 0000000000000 0OOOOOOOO
ODLTOOODO 30000000000 O00DbO0O00 3Hz0 200 Butterworth 0 0 O
gogbobbobboooooobobooooboobboobbooobboobboonb
goooobogo X-yoooooooobo ybbooboooooooboboooo
oboobooboodbdoredd0 0000000 O0ODOOOODODODOOODOOOO
goooooodaogan

5.2.3 0OU
gboobooogg

Os200000000000000000000O0O00O0O0OO0LOODO0OO0O0O0
dddogoogos3bdouoouoouonooooouooouoonouououon
goddoouoooodooooooooooobodoouo oo boooo
goddoootdoobooodoooooouootouooououoouoooooand
JuddobodoodoooooooouooobooooooooooooooooOon
gdododdoodooouooooouoooooooooooooouoooooao
goouoooooouood

000000000000000000000 100000000000000 (27)
000000000000 ()0 00000000000 b54000000000001
o0 1o oodo ilgooooooooououuoooooboouoooo
oo ooououobooonooooooououooooooooa
OONOOOO (RY)D 10000000 (SH0O000000000 MOO000000O
oo ooooobodooooooooooooooonooooooon
(Gohara & Okuyama, 1999a)0]

dodotddoooudooouo oo oo oo oo oooo
200 0000000000000 oo o oo obDooDoooOon
godoodoodoooodododoooooooooobooouoboooooooon

000000000000 0000000000000O0o0oDoOooDooOoooooD (oo,

98



clockwise

counter-clockwise

Periodic Input

Forehand
(rad)

shoulder
0 I S Yoo M} ] 4o A oo oo ¥ LSRR N

Lo L
45 50 55 60 65 (s)

Backhand
(rad) _ _ _ shoulder

U s2.00000000000000000000
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X2

clockwise

counter-clockwise

Switching Input
(rad) shoulder

hip

U s3: 000bbouoonoooobooboboooobonon

Periodic Input Switching Input

054 000000000000 M
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1995, 00000,199%)00000000000000000DO0O0DODOOOOOOO0O
gobobodobogbobobbooobobbboobbbooooooobboobobo
goboboub20000boboobbbdoboooo2000b0boonoDo
gobouooooobobooooooob
goododbobbooboooobbooubooobboobbobbbbbo
goggbbooooboooobssbdseidbooooououonoboouonboon
gobbogbboooogogssugugugoooobobbuogbbbuobbboo
gbobuobbodgbobobbbbooobobouoboobooobbodoooobboon
gooddgbbbdoobddan
gseddbbogbobuogooboobbooooobbouobboobooonoon
godobbooooboobobobboobbobbbodooogoooboboooboon
gbbogogboboboobbboboobbooooobobuooooboooooo
gbobobbogbboboobooboobobbbooboooboooob 200000
gooouobooobobobbbooobboooboboooobob 2000000
gogbodgobobooogbboobuoobbboobuoobboooboobooboon
gbobobboooboboboboobobbooboobooooboobboo
gbooboobobobbuooboboboobbooboobooobboboboan
goodoobboooouobobboobbbbooobboooobboooao
gbootobbooooobooooooobbboboboboooobobbbobobobn
gbdogoogoboubobbbooooobbbobbooobboobboobb
ggbuooodbogobobbooobbooooooooobboobbooboo
gooboboodn
gogbboboobbuobooobboobobbouoboboooobouobooonn

gobooobougbbuoboboooboboboobuooougobbouoooon

goon

Ooooopoobogogss b6l d=2r00000000000000O0O00O00OO

OO0ooooooogosybOoboooboooboobooboobL XYobooooooo
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Periodic Input

) Forehand

X2

x\zzm Backhand

Uss:0b00oooboboooobooooon
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Switching Input s

g=2n
6=0 : ’
¢ 9 Yo, |
h’& J&f .‘;J;'m { k, ﬁjf* .}}
Y il u 1
IIP\_ ,! i N i Q:
M '& ~{ ik
I ! i
AR B S
% Backhand

Y8(CB)

gB(Cp)

Us56: 0000000000DOOO0O0O0ODOODOO
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gbooobobbuoduoodoboobbobbbooobobbooobobooboaon
gbogobobbboobooobbboouobobobobooobooooooooobobo
0Orad0 000 00 yOODOO0O0OD0OOOO0ODOOOOOODODOOOOOOOOOO
gobobobboobobobbobboobbooobobobbobuobbboooooooo
gbboboouboobbobbuoouooouoobboobobobobooobo
gboboooboobboooobboobboobobbbooobobbuobbb oo
gbouobbuodoogbbuoggobobboobobbooo1boooooooobon
gbdbbooboogoboouobobbobbbboobooobagoogoobn
gbboodobdobooobbbobuoobbboodobobobodobobbooboo
gobb20000b00040o0
gogbbbooogbobbboduogbobobbboobooboobobbbg
gogduoobgbgooboobibooogobbobobbbobogoobooobooon
goboboobobbobobboobbbooooobobbboboboobbooban
gbogbboodbuobbodooooobuoooouoboboobboobbobobaon
gobooobobooboboobbobobbobobobobobbobobobobobob
ggoboooobbbiooodbboobooboooooobooboooobboaod
gooogbobbooobuoboboo 20bdboudboooobbooboboad
gbooooououbbuooobbbbdoooboooobbobb
googbboooodgobbooobobbooobobooboooobboogoo
gbbboobbooogbi1iooogbbooobbbbobuaboob 200b00adn
gbbo3bbobougboboobuouobbobboooobobb 20000000
goboodbgolobbooooboooooooboobo200b0b0bOob 3b0
gogobooboobbobooboboobboobuoobuobboooobooboooo
gogbooooguooboooooboooooobbooobboobboabg
gboodgobbuoobooobbbbooubotoouobbobbbobobobboon
gbboobboogudgboubbioooooobbbboobboooaobbboboon
ggobooboboobododbooobuoooooobooobuoboooobooa

gboogbboobodgbbooobobboobboobboboboooobooboon
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Periodic Input

Subject 1 Subject 2 Subject 3
2 . T 2 T T 2 T T
8 1L | 1L | LA Forehand |
q)
©
C
< ﬁ
£ 0 0 0
(O]
IS
8 v
o) Y4
T
v vV Backhand
D ! ! ) ! | 2 | !
-2 -1 0 1 2 -2 -1 0 1 2 2 1 0 1 2
Shoulder Segment Angle (rad)
Switching Input
Subject 1 Subject 2 Subject 3
2 \ T 2 \ T 2 T \
= A Forehand
©
s 1 4 1F 1 1r 1
) AA
(o))
g A A &
— ATA A A
S o A4 0 0
E v
g v 4 VW
» s v
o
2 At v 4 ar v 4ar g&jﬁ .
VvV Backhand
2 ! ! ) | | D | !
-2 -1 0 1 2 -2 -1 0 1 2 2 -1 0 1 2

Shoulder Segment Angle (rad)

5.7 0gooobooboobobbUobboooboobbooboobobobD 2o
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gbbogobobobobobbbobouooooouabobobbodgbobbboood

gbobboooboboboobboood

5.2.4 00U

gbouoguoguubbgoboobbooobbooboboboobooboobod
gobbooobobobog200boboboobgbobboboooooboobobb
gbooodooooobuooobbbobodg

gbooooubobobbbooodoguooboobogbooboboobbbobobda
gogbbogogogubgbuooobooobobobbbobbobbobboboooood
goobbooobooobobobobboob 200000boooobobobbbobn
gobogbooobbboobobbbobbobdoooobooobbobooobboa
gobobbobobbooooodgboobdbboooobobobooboouoga
gboboboobobuodgboogbbobbobobboobboobbouoboooibn
gbooboobobobuogbobuoubogboboooouobooobuogbobobobn
gboooboobooobo20000b0oobooobooboboboooooboboo
go20000000000 2000040000000 00b00bLbbOoOobbOOd
ggodoboabbb20budogogbobboobbbobooooooooon
ggubooobboooobobooboobuobboguooooougboaobob
gobssbodn

gogodgbooobobbboobbbobbobbbotboooooooobooooo
gboboboboodgobobbbbobooouoobbooooobbooobobbooan
gugbodguogbbboboodoooboobboobuoogbuouoooooooobnooo
gbobboooobodobobouobooobbboobboobooboobbboodan
000 0OMeinel (1960)0 0 0000000000000 DOODOODOOOOODOODOOO
goobobuogbogoubbooboogbbobbooobobbooubobob
gbbobobobuoboobobooobbbbbobobooobobobobbbbbodan
goodooogbbdobobdodobboooobbobuooobboobboboon

gbdbboooboobooobobboboobobobobbboobbonoog
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Joogooon goooon

Jr oooo Jr

00 0000 00
DD«\—DDDD 00200 DDDD+DD+
coe oooooo £ 000000 eoe
e00 gogogogdg oooooo 'YX

YY) gooobod gooodn (XX}
YY) gooboo goobodgn XY

Os58: 000000000000 Db0D4000000000

ggbdoobooobbdobooobboboobbboobbboboobboobbo
goobdobbooboboooobooobboooboobooooobbooono
gboudgbogboooouoobooobbbobobbooobooboooboo
ggooobooboouobooobooobuobbobobbooobooooboboobb
gbobooobooobbob
goddgododdoogobuooooobuoobooobooobuobobboboo

gboobboboooobooogbobobobobuoboobooood

5.3 UULUOOUOOOOOONO

5.3.1 0OU

gbgbdooboodboobobbbobbuodoboooboboobuooobboo
gogogoobobbbboboobbbbooboobobbobooobaoogoo
gbobodoobdgboobbodbooboobbobbbobbooboooboon
ggbobbooooobbooobbbboboobbooboboobboobodboo

goodobbooboooobbboobbooboobbobbobbbobboboobobooon
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gbdgdoobboobbbbbbbbbobboboobboobouuabooboood
Yamamoto and Gohara (2000a) D 0000000
goddbboooodgbbooboobobobobbobboboobooooo
gbbbooooboobbbooobbbooouobbobbooobbooooobo
gogbbooobooougboobbboobooobbbbobboobooboodon

gogoobodboboobobbobbooboooboobooobooo sgbooon

gobogod
5.3.2 0UOU
goo

ooOob 1ooobdobobobogosouobu4o0bobbboobsbobboobn

gbougbogbuouoabn

gooo

000000590 0000000000000000 (Tennis Tutor M2)D O OO O
0000000000000 50 mO0O0C00OO00OO0ODODOODODO 14m/sO00000
gboboogoboogbogbbobbbotbodood 1mdbooobbOodd 2m
goobob1mbd 0o4mbOOoboooboobobobbbo0oooooooooooobbo
gbdbboooboobobboooobobbobbooboboobobobobobobooo
goooobd 13"mdobsb00gobbobboobobbodooouboobbbbo
00 5004003002001 0000 (Hebert et al., 1996; Hewitt, 1966)0

ooobooboooooboobo2000000 30000000040 DbLTO
(Adbel-Aziz & Karara, 1971; 00, 1983) 0000 0000000000000 0O 2000
Ooodbobe0HzODOODOOOUOOOOOOoUobOoUo 1200b00bobobon
O00000000000000000O00000oUoooooDDOD 1/250s 0000
Doooguooobboo3sbogoboobobob zobboooboXoooooo

gboobooboboboboboYOooob 2000000000000 0Db0O0DO0OODOOO0
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f CCD Camera
(

Sony DXC-950) 1.37m
1-point ‘ ::S-poi:m :5-poi'nt
v 2-point  4-point
! I
PN ‘A Ball Machine
AR e L () Backhand Side (Tennis Tutor M2)
— X % |
Mytm | leeseeememmmenmm™0 Photoelectric Sensor
+\ ) <[TomE220.4m Forehand Side (Omron E3IV3—T61)
U One Bounce
Area
[ ]

CCD Camera
R (Sony DXC-950)

gs9: 00000000

DLTOOOOO0ODbOODbDI2000000DbL00O0bLbOO0ObOOO0bLbOOO0DLXOn
UoyoooozooooooooDl14£+£42mm002+£3.0mm02.8+45mm 00000
00000000000000000000 (Omron S3D2-CK) 0000000000
(Omron E3V3-T61) 0 0000000000000 0O00OOOOOOOOOODODOOO

gboooogogoooboobobbbobgbbbodoooooobbooboon

gdo

gbboobodobobboobodguboobooouoouooboooboban
O000000167s000360/0000000000000COODODOOOODOO
gbbooodgboobobbbbbbbboobboboooooboobbobboob
gbooodgbbdooboobbbooboboobobooboboobbooobogo
gobbbooooboooooboooban

gbuogboouboobooboouobouooobboobooobobobobooon
obobog3sbodbegboobbobbobbobboobboooboboboobb
gboboggbbooobooooboobboi1bobboobbooooobbooboo
00000000b0bb0booubbbooboboo2bbuo0ooobooonbDn
goboboogobbobodoo4b0oogob 4obbooboobboboooboobbog

gugouoobuooboobboobobboobbbbboouobdoobbobobbd
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000030000000000000000000000-,000000000000
n—1000000007,-2000000R-2)— (n—1)— (n)0000000000
0000000000000 FOOO0O00000BOOOOOF, 9 — Finy — Fu
0000 FFFO OO 0O0FFBOFBFO FBBO BBBO BBFO BFBOBFFO OO0 00 00O
s000000000000000000000000000000000000000

gobooooobooobbboboooboobouoobb

googdad

gobobogdboboooobuoobobbooobobbbobobbbbobbbDb40
0000 200000000000 (OKK Motion Grabber) 000001000 6000
0000000000000 000000000000oooog (SUNSS;)0oogo
2000000000000 0b 300b00o0bobbobOobobobbu0bO 3Hz
O 200 Butterworth OO OO OO OO0OODOOOOOOOODOOOOOODOOODOOOO
O0000OO0O0OoOODOOoOooOOOoOoOoOoOoOO (Jackson, 1979; Winter, 1990)0

Doobooobooboooogbooooo X-yooooooboob yoooono
Oo0ooooooooboobbo0o0oogoooboog oredd0bOO0O0O0OOODODOD
gboodgbboooboobbobbobobooobooboboobbobobbooa
gobgooboobbobbuboobubobuodgboooguuoooouoobooon
guobggooobbuoboogbbobboooobbbouobooobooooobo
000000000000 0OO0ODOO0DOU00ODODOOOOODOODODODO (OO, 1993)0
guodobboogobooboouodobobbob bbb obboboooobo
gbdooouogbogobbboobboobuooobbogbuoooooobobod
O0000D000D0000DOOO0 (Bernstein, 1996, p. 120)00000000000
goobdbboouooobbbboobbbbbuooooboobuoooobbob
guoogouooogoubboboobbbuouoobbuodooooobbooboo
gbooboobboobooboo

gogbdobbblbboobobooodbbooboooboobbbobooban

gubogbooboobbooobboboobboooobb
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Usl:0000000000000000000000

Periodic Input Switching Input
Forehand Backhand Sum Forehand Backhand Sum
Subject M  SD M SD M SD M SD M SD M SD
1 2.1 1.65 2.5 1.50 2.3 1.58 2.6 1.56 29 1.66 2.7 1.61

2 2.3 1.60 2.7 093 25 1.32 24 137 29 1.29 2.7 1.35
3 2.7 1.62 25 1.34 2.6 1.48 23 1.89 2.8 1.90 2.6 1.90
4 23 1.74 24 194 23 183 23 175 24 1.80 24 177
5 1.9 1.70 2.0 1.60 1.9 1.64 22 1.75 21 1.92 22 183

5.3.3 UOU
goobooon

gslibubbogbouoboooobbboobboobboboobbuoobboo
gboguogobooobbboodgb 200bbogbbooobooooboobobn
gobooobbgdbbogbbooouobubooooboobbaboobbobon
gbobodgboubboouooobodoobobboouoooobbboodb 1ab 5000

2.702.70d2e602402200000

ggoooo

gogdobboboboouoo4d00oogobboboboobuooodooads1o0
gbogoboboobuoouoooboooboobb bbbodgbbobboood
OO0b010s00 30s0O00 200000000000 00000000000000O00
goobbobboboodooobobobbobouobobbuoooboouobooboon
gboobooogboboon

gshlogoubobboouoobobobobbobboooboobooboob
0000000000000 10000000000000D (x)000000000O0
00 () 000000 CODOOODOOCOOO 1000 100000010000 000O

gogbbboodoboobuoooobobbboooobbobobbboooboonog
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Periodic Input
(rad) Forehand (rad) Backhand

Segment Angle

0 s510: 000oooobooooboboobooooogoong

ggodooooobbobobbboboboobobbobboooboooooon
00 (Gohara & Okuyama, 19992)00 0000000000000 CO00O0OCOO0OO0O
gbbodgbobobgobuoouobaobbbbbbbuodooobobogooobboodobb
gobogbboogouoooooboobbobbob bobbbbobobooboon
0000 (Ap,Ap) 0000000000 DODOOO0OOOOOOOOOOOOOOOOO
gbuboogugoobougboboboobbobboboobuoboboooood
gooobbodgboboguoobbbobbobbobboooouoobooboada
gobooooooood
gobgdbogboubguobuaobobobooobbooobobooooobooon
goboobobobuoogoobobobsinobbbobbbooboouobbobbooob
guooodbboooooubogbubbbuooodoboooboboobbbbob
oo obobuooobooboobbobboobLo
gbobodbooboogooobobbobbbboooboboboobbbobood
opooooboobbosi4bnogobooboobog20bobboboobboobooonoog

oboobooooooboboobobboobboobboboboobbbo2b0
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Periodic Input

Forehand

g‘\ Backhand

U s5.11: 000booooooooobgoobobgon
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oo00oo0O0ooooooooooooooboooooooooOoOObObObObObbOnO
(multivariate analysis of variance : MANOVA) O O OO 00000000 O00O00OO
odoooboooooooooboooOoboOOObCO0O0OOOOObOODOODOOOObS200
ogobooooooboOoobooboboooOO0ooboOobOOooOobOOoOUbD 200000000000 WIilks?
AOFOOOO0OOWiks’ AD 200000000000000C00000000010
000000000000 StudentOD ¢t0DO0O0O0O0O0O0O0OCOO
O000000000000000000000000O0O0000O0O0G00OO0O0O00O
o0ob00oooooooooOo20000000000000000C0O000O00G0O0O
oobooooooooooOoOooOooobOOoOoboob1OOooOoOOObOObObOOoOoOooo

gbobooooguobobuooobbboogboobboooo

goooooon

googboodbdobboboooobbooboo4b00bbobobooboobobo
gobbosi2zbpboodbuogooobooobbooooobbobbboobiobn
ggdooooobbobbooouobobbuoobobobuobbuoobooooboob
Oooobooobboboboooobbobobos12bbooooooobon 512
gooboobgboodboboouobobbobbobobooobbobboooobbo
gbgbdooobbdoooooobtbouoobbobbboooboboobbbbobod
gogbgbobboobobobobboobobooobobbobbobbboo4noD
gboboooobooo400b00oobooboboboboboboboboboob
oo bobooooooboboobobooonnsad, s160dDd
gboobooogbbooood

gubodggobobboouoobdoogooobbbbuooobobs13googan
godbobobbobbobbdobobuoooouobbbbboooobobooao
gbogoooboodobobbooobbooooboobobobobooooobon
gbooobbobobogbbbodobobooobb20b000bobboobobong
ggbodooubobbbooooobbuouoooboooobbboobboooboon

gbbubooobbobbobbooobobboodoooobobbbbooob o
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Us2. 0000000000000 0O00DOOODOODOOOOn

Forehand Backhand
M SD M SD A F(2,60)
Subject 1
Shoulder 0.065 0.233 -0.869 0.315
0.21 108.3%**
Hip 0.340 0.324 -0.777 0.295
Subject 2
Shoulder 0.091 0.144 -1.238 0.186
0.05 540.1%%*
Hip 0.215 0.186 -1.362 0.240
Subject 3
Shoulder 0.221 0.265 -1.122  0.213
0.09 274 .4%H*
Hip 0.474 0.383 -1.116  0.170
Subject 4
Shoulder 0.056 0.229 -1.148 0.374
0.18 122.6%**
Hip 0.421 0.330 -0.908 0.350
Subject 5
Shoulder 0.109 0.232 -1.204 0.161
0.04 739. 1%+
Hip 0.512  0.204 -1.192 0.140

Wilks’ AD FOOODOOOOOOODOO raed00D00O00O0OCOO

%% p < .001.
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Switching Input

Segment Angle

Backhand

0 sl12. 00000000000 00ODODOOODLOOO0OOOD

gbooooobogboudgbsioobooobooubooooobooboouogoogn
ggogobbbuooobobougbbooooogbooobbobooaoboobbboon
gboodoogbboooobboooboobo
gobbdoooobuoboobbobobuobboboboobbooboobooobon
gostgdgbuogbbbds4boubbbuboboogbuanoboobbob
gooboogobobboobboon
oboobooooboobosiioboooooboooboooboobooon
gguobobbobooboobobooobooboooubbboobbboobboboboon

gbobgboodbogobboouooboooboboobooobobbooboon
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Switching Input

Backhand

Us513: 00000000000000000D0000O0
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Periodic Input

Hip Segment Angle (rad)

Hip Segment Angle (rad)

Hip Segment Angle (rad)

Shoulder Segment Angle (rad)

118

Subject 1 Subject 2 Subject 3 Subject 4 Subject 5
T T T T T T T T [ T
2F 1 2r q42r q2r : .
4 Forehand
Ak
& ¥ ¥ 3 3
A
@ 0 3 0 A 0 & 0 5
v ¥ F ;
Vy v vw W :
2r 12r 12r 12 v Backhand |
1 1 1 1 1 1 1 1 i 1
2 0 -2 0 2 2 0 2 -2 0 2 2 0 2
Shoulder Segment Angle (rad)
Switching Input
Subject 1 Subject 2 Subject 3 Subject 4 Subject 5
T T T T T T T T T
2r 12r 12r Goer 1
¢ A FF
s [ 4o G s BF s
A A ; &
/& £ ﬁ A v 4 ﬁ‘
A
wh 0 ﬁ‘ 0 1 0 0
Vv' v v
gl ¥ " f
¢ - e . B
Ny v
v ok ¥ 4ok 123 —_2—‘7vV
Y v 1 1 1 1 L ! 1
-2 0 -2 0 2 -2 0 2 -2 0 2 2 0 2
Shoulder Segment Angle (rad)
Ellipse of constant distance of mean+ 1SD
T T T T T T T T T T
2 4 2r 4 2F %) 4 2F .
F/,jEZF FF /BF FrfGr
(FFJBF %
0 0 € 0 0
BB @ )
Fﬁ (/FB Bg BB
FB
-2r 1-2r 1-2 B 1-2r 1
2 0 -2 0 2 -2 0 2 2 0 2 2 0 2

O 514 000000000000 00DbOO0OOO0ODbDOOODbDOObOOOD Yo



gs3: 0000ogoboooboboobbooooooooopobooboooono

Trial n Forehand
Trialn — 1 Forehand Backhand
M SD M SD A F(2,60)
Subject 1
Shoulder  0.167 0.245 0.255 0.332
0.94 1.79
Hip 0.545 0.313 0.469 0.412
Subject 2
Shoulder  0.065 0.199 0.280 0.365
0.88 3.90*
Hip 0.139 0.191 0.288 0.345
Subject 3
Shoulder  0.159 0.210 0.383 0.331
0.85 4.99%*
Hip 0.474 0.364 0.705 0.372
Subject 4
Shoulder  0.523 0.512 0.830 0.446
0.89 3.64*
Hip 0.837 0.397 1.090 0.409
Subject 5
Shoulder  0.243 0.341 0.383 0.209
0.93 2.21
Hip 0.607 0.260 0.631 0.258

Wiks’ AD FOOOOODODODDOOOOO rad0DODOODOODOO
*p < .05, xx p < .0l

Ubooduobdu aFFOOD yBBOODOODODOODOODODOOOOOODDODO
00O BFOOOO FBOOOOODODDOOOOODOOODOOOOOODOODOODO
gbobobbooobooobobooboboobboobbboboobboobbobooan
googboogbuogogubboboooobbbbooogouoooooboon
gobobbgogbbbobobbbuoobbooobboobbooooobooobon
uon
Us3,s4000000200000000000000O000DLDOOObLbDOOO
OO0obOO0o0ob0ooooooboooooboboobbooooooboooonDOg Wilks

ADFOODOOOCOODOOOOOOOODODOODOOOODOO MANOVAODODODOO
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Us4: 00000000000 DOLDOODLODLOODUOOOLOODDODLDDOOOO

Trial n Backhand
Trialn — 1 Forehand Backhand
M SD M SD A F(2,60)
Subject 1
Shoulder -1.060 0.352 -1.453 0.404
0.76 9.10%*
Hip -0.885 0.420 -1.272  0.401
Subject 2
Shoulder  -0.905 0.221 -1.211 0.351
0.78 8.78%*
Hip -1.057 0.261 -1.298 0.370
Subject 3
Shoulder -1.015 0.363 -1.227 0.556
0.85 4.98%*
Hip -0.886 0.288 -1.187 0.428
Subject 4
Shoulder -1.380 0.308 -1.777 0.383
0.74 9.98**
Hip -1.375 0.317 -1.720 0.359
Subject 5
Shoulder -1.138 0.164 -1.207 0.323
0.66 15.58**
Hip -1.104 0.124 -1.423 0.301

Wiks’ AD FOOOOODODODOOOO rad0000000O0O3
*x p < .01.
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wgoobosgbbbbgo20b00bboobboboooooobooooooo
goobooobobbooboboogooboobbbob4b0o0obbobboboon
goobooobboobbuoooooboboobbuooooooooobobbbooo
gboobbobuoboboobboobbooobbbobbboboooobbooobo
gboobdob4000b000bD00DbObOO0O0On

godgoobobbouobooooouoooboboooo4bbobobobobbann
. 1300 buubonubobbsibbbbuoooboboobboo4boonon
Doobobobobb4b0000b0bbo20b0000boooooboobobooo
gbgoobguobboooooobbooooooboooobobboobobo4n
goddoboobbbooobboboobobobbbbobuoobobbobobooon
gsle0dnon

gboo40booooooooboobobbobbbd BE, FE, BB, FBOUOOOO
0000000000000 0000000000D00oOoUOOng (fracta)DOODOO
0000000000000 (Cantorset) 000000000000 OOOOODOOOO
00 (self-similarity) 00 0 0000000000000 00O0OOOOODOOOOOO
gbobogogbobbobobobbobouoobobboogoboboobboboo
gb3buggbouos3sbouloboboodbobouooooobbobbobobgan
oboooooobbobboobsirodbooobooooooboobooob
gogbbog20bboboogbbobbobooooobboboooobooboooo
goboboobobobooobbbobbodobooboboobobbbboboooooobao
O (z,)0 2000000 ¢p, 0000000000000 0OOOOOOOCOO0 (z741)
0, 00000000000000000000O0DOO0 ()0DDODO0O0O0DDOODODOOO
00 (z,) UODOOO0OOOODOODOO ¢gp, 00000000 OODODOODO 2000000
godooooobobobobdobbd ggb0obobbooobbobbobobooon
gbogobbobooguoubboooooobobobbouooooboboboo 20
0000 (x) 0000000 Ss16000000000

goboobbouooboboooobbboobooboooobboooboo2d

gbooogbboubooogbuooooubboodbb bogboooboooogo
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Switching Input >

\EL\ BF
BF
FF
FF
T BB
BB
sFB
FB 0=2m
0=0 .
=

)y Forehand | §BF

I Backhand

5%
F
BFB

U s15:200000000000000O00DODO
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Subject 1 Subject 2 Subject 3 Subject 4 Subject 5

6 T
g
Pl 1sD o 1t 11k 1 1F 4 1F .
%1 1 1 1 ar gl 1
< FF FF
= LB PE[ LB 5 | F FF FF P
g orfFF 4 of-FF FE of 4 of 4 of 1
£
(o))
?
L BB BB
3-1rBB BB| -1f BB BB -1 T BB
o) BB
ko) FB FB FB FB
?:s) FB FB BB! BB FB FB
< FB FB
Ok L1 -2 L1 -2 I I 2 L 2] LA
0=0 =2 6=0 =2 0=0 =21 6=0 6=2n 6=0 =2
T T T T T T T T T T
=)
81t 4 1t 4 1t 4 1pBF IR :
2 |\ EFE FF BF BF | FF BF BF
g |PBF BF| |BF gr| |FF FF FF FF
< of 1 ofFF FEY of 4 o 4 of 1
C
[
5
o | BB BB .| L BB| | B
@ 11'FB FB| *1[B8 BB) P5 F8| ! “'eB BB
T BB BB | FB FB
FB FB
2_ 1 1 . 2_ 1 L 7 '2 1 1 2_ 1 1 - 2_ 1 1 -

6=0 0=2r 6=0 6=2n 6=0 6=2n 0=0 0=2m 6=0 0=2n

Osl6:00000000O04000000000 800000

gbbodgbodabbuooobbbooobooboobbooboobbooooban
gbobobobbobodoooobbbbobodoboobooooooboobbodn
gobduoobb2000boobooobooooboobboobsisoobooon
ggboboouoboobooaoboooob
gogoboobobooobobooboboobobbobboboobbbobboobobd
gbbodboobodbbouoouooboubobbboboobbboodbooon -000
ggodooboobodgbobbooobuoodn -bbobbbbbboobobbobobo
gbobuoobbbodooooobbuobobbbouoboobobbooabbobbbon
gboobbooboboouoobbdobobogbbboobboboboooobobboo
gbououooboboboobobooobbbooodobuooobbobbdoobbobobb
gooobbotbooogbbodod b obbooooobbobobuoobbobo
gogodbobbooobboobooboboobbbobobbouboooooon
gobooooodgbbbobuoooobooboobuooobuoobbbuoboobbo

gbbobboodobbdodoboobobbooobboboooooooboo
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XO XI X3
Yl FF | FBF
S - | BBF
Xp [ -mmmmmee T ; Xp . e
R S S Xp @
2= : : FTF | BFF
FB
[ X X J
BF
— o B | FBB
— gB B | BBB
XB . '
N B A : | FFB
’ : : X BB | BFB
X0 Xy T

Uslv:0dbooboboooooboboooop20b0bob0oooob0ooooooboooooon

goboboodooooobbooooooooboobbooooooobobDbbObOobOobo

gboboboooobobobD20bbooobboooooobboooooooooboooooonn

good

0 s5.18: 0000000
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5.3.4 0UOU

gbgbdoobobbobobooboobbobboobbobbuoobbooooo
gbobooooooooogobuogboubbobbooobobobooobooon
ggbboooggobooooobbooboobbobbo3ggoobooooboon
gboougubbubbdgobbodgbobbobbogbaobbodgbbodaooo
gbdouogououoboobooooobboobboodooooobbobbobo
gboboggbbobboodgboogbouobbbobbbbuoooobooooboob
gogoougboodgbobobodgouooouboboboobooobboboobb
gguobuodoooguboobbboboobbboooubood
gooougobboboboobbbuoobbooobbbobobbbbooobbod
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0000000000000 00000D00D00O0Schmidt (1988,1991) 0000000
0000000000 (practice variability hypothesis) 0 0 0000000000000
gogobdodboobooobobooooooboobuooboobbobooobobooo
0000000000000 00000 (Bortoli et al., 1992; French et al., 1990; Hebert
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Ue6.l:00000000000O00O00O0O0O00O00O0000

Condition Continuous Complex

M SD M SD ¢

Forehand 29.6 9.80 33.6 855 -2.077*

Backhand 30.4 10.37 30.9 10.38 -0.288

*p < .05

gdo

gbbobobooboobooboobobooobbbboobobbboooooobn
gogbboooobbobouobdoobboobuoooobobobodgbaboobbon
goboooobbobbobbboobodoobobuoooobbboooobonon
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obob20000 20000040000 1000000 300000O0O00O0ODO0O0O0OO
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gboobobbobouooodoboboobbobbboodoooobboobab
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138



gbuuogbobobboobbobbuobobbbboooooobuooboobbbd
gbgbdobddddoudouoouoooooboooooobboobbobbon
gboboobboooooouboouboobobobobooobboboobogn
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e300, 0000000000000DLOOOO0DODOOOODODODODODOO

Forehand Shoulder

pre-test post-test
Min. Max. Range Min. Max. Range
Complex  Subj. 1 046 1.14 0.68 -0.08 **  1.07 1.16  **
Subj. 2 031  1.18 0.87 -0.27 ** 1.4 1.51 **
Subj. 3 052 1.53 1.01 -0.48 ** 142 * 190 **
Continuous Subj. 4 -0.33  1.06 1.38 0.02 ** 1.41 ** 139
Subj. 5 -0.33  1.26 1.59 -0.06  ** 151 ** 158

Forehand Hip

pre-test post-test
Min. Max. Range Min. Max. Range
Complex  Subj. 1 0.24 1.10 0.85 -0.21 ** 1.21 1.42  **
Subj. 2 0.51  1.55 1.04 -0.18 ** 138 * 1.56 **
Subj. 3 046 1.72 1.27 -0.27 ** 153 ** 1.80 **
Continuous Subj. 4 -0.63  1.20 1.84 -0.07 **  1.35 1.42
Subj. 5 -0.24  1.32 1.56 0.11 ** 161 * 1.49

Backhand Shoulder

pre-test post-test
Min. Max. Range Min. Max. Range
Complex  Subj. 1 -1.62 -0.02 1.60 -1.67 030 ** 197 *
Subj. 2 -1.56 -0.43 1.12 -1.69 * 0.10 ** 1.80 **
Subj. 3 -1.30 -0.16 1.14 -1.62  ** 0.7 ** 1.79 **
Continuous Subj. 4 -145 -0.19 1.27 -1.63  ** 0.056 ** 1.68 **
Subj. 5 -1.68  0.03 1.71 -1.93 ¥ .0.24 **  1.69

Backhand Hip

pre-test post-test
Min. Max. Range Min. Max. Range
Complex  Subj. 1 -1.43 -0.29 1.14 -1.63  **  0.00 1.64 *
Subj. 2 -1.47 -0.67 0.80 -1.52 0.16 ** 1.68 **
Subj. 3 -1.24  0.18 1.41 -1.48 % 0.11 1.59
Continuous Subj. 4 -1.22 -0.19 1.03 -1.46  **  -037 *  1.09
Subj. 5 -1.28  0.07 1.35 -1.80 ** -0.16 1.64 *

0000 rad000O0O0O0OOOx*xp < .05, *xxp < .01
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73 Uooouoonon

godddogobobobobobbooboboboobb oo boooobon
Thorndike (1927) 00 0000000 Skinner (1938) 00000000000 O0OOO
000000 (reinforcement) O 0OBandura (1971) 00000000000 0O000O0O
gbgodouboooobogoobobobbbbooooboobuooboobo
godbooobdoooooooooobobbboobboobbobooboo
gbbbbboooboobouooboobouobobboboooobuooouobboooa
O (Ingvaldsen & Whiting, 1997) 000000000000 Adams (1971) 000000
O Schmidt (1975)0 0 0000000000000 O00OOO0OOOOOOOOOOOO
goooobobobbooobobbobbbooodooob bbb oo
gobdobobbtudtbodooob oo boobbbooooboobboboboooa
gobobbbggguouobbobooboobbduboobobbuooouobbooo
guobbdogbooboooobooooobboboboooobobbobobooa
godo

goubogoboboobboooobbobboobooooobbo bbb oboo oo
ggdtdooobbogtbuoubooooboobobbbobboouooobbooa
ggbbbbbobobobdoobooob oo booobobobbboobboa
gogbooobodbodoooboodbooobbooooobooboobooobo
guobgobbobboodbodouobobobobooboobbobbboouuuu o
googbooodgobbboodoooogbu oo obbo b bbb ooo
gbboobogooobodoooooobbbobbboobbbobobooob oo
gobodboobooooobobobobooooobbobbboooboooog
goguobooobogboboboobobbobboobbooobbobbuooouub o
gubogbboobbouobooobubobbooboobbobbooboboboobon
gogobbbobogbobbooooobbobbooobooboooboobboboo

gobboobooobooboobooobobooobooooboobobouoo
bbbl uobbuuououboobobobubuoobbooo

guodoogbboogobboodbuoboobbobooboooboobobbbod
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ggodoooogooooobbooooboobbboobooobbbooboon
gogdofdbbobbdooboouboboobbboboobboobobobooon
bbb obtbooob oo boooobooobooobooon
googobbbooguoboaad
ggobooooboooboboboouobboobboooo 1bob1booboboo
googboboooouboooooobboboooooboooobbboboobooo
bbb oobbooooouuobboubobo
000000 (whole method) D000 (part method) 0000 OOOOODOOOOOO
gogds33dubboooboobooouobooboobooooboboboobo
gogobdooddoooouliooobbbobooob bbb boooboo o
googbboboboobobbbooboobobotbbuou b oo oo oo
gobobobobooobobbooo4300bboboboboobobobooooooboboon
gttt uooboboddoduuoonooboboobboooab a
gbgboobbbdoooooooboubnoboouoboubobbobooooboooo
gogbdoooooooboooodobobbooobooobbbouboboboon
gogg
g2pgogbdodbubbodguooooobooubobobobobobboooog
gstgbgbbouobobobtunbobododobboooobbobbooouoo
googobobbobboobbobbdodobooobooobooob obobo
gogogbouobobbouobbbouobooobooubobboboobbobbooboboooa
gogogoboobodbbobodouoobboooooboobbobuoobuoooa
ggbuboogdgoobbobbiooouoooobboobboboboboooao
gogbooobodoboobuoobbu 20000000 bbobDbo
gogooooobobbooogoobobouobbuobgooobooobooouob oo uu
bbb ouubbbobbuobooooobboobbboboon
bbb obbobbodouobboooobobboooooon
goodoogboooboooubobobboobnbooboubbooobbooogo

guodddobogbboooobuoobbbbobboobboboouoboboobon
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gbobobobbooobobobbobogoge40bobbbbOoOoOobOOOo
gbboooodbobuooooobobbboooobbooboon
god200000boougobbboubbobbobgobobbobbdagd
000000000000 00O00DOMeinel (1960)000000000COOO0OO0O
(000, 1966, 1967, 1968) 0 00 (1972)0 000000000000 OOOODOOO
gouoooboobooboobbbbooblgobooooooooobbooboboon
gbdoboodgboodgbb20bbdgboooobbooooobbooboon
goooboobbobobobbbbobbbuoooboobbbuoboobooon
gobbbbboobboobboobbouoooobobboooboboobob 20
gooboblogggboboboobbobooouoo 1iggboooobobbbooba
gilibguogbboobobdooboooboobooobobbbooboouoboooaann
gboboobgbdgboobbboogboouoobbuoooboobbooobooood
gbooobdoobboooooboooboouobboboooboboobobobn
gboogobbbooabbood
guooo3gouboobboodbuoooboobobbobobbobbobobobo
ggdbogoodgboogobbobboobbbedooooouonoboood
godoodboooooobobbuobbooobobboooboooooobobboob
gubbbboooboogboogbouodgbodgboooooobobbbbboodb
ggodgoobobdoooobouoobbobbbbbooooobboobbobon
guogobobobobobbboboobbuobobooouooobooobooaon
gboogbbbuoobuogobobbobobobobobuoobbobbooooooboon
gbobobbdgbbboboouoogboboobbobbbobobobbobbbboooon
gobobobooobooboogbuoobobobooboobooboboooba
gbgobdoboooobuoooobboboboobboobbobobbobbbao
gboouobuogboooouboboboobbuooboobbobooubbooobobon
gbboooooououbbbboood
googbbbooooobobodooodboooooooboboobuonoooooo

gbobbogbuogoooooboboobbobbbobboboobooobooabda
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gbooggbobooobboobooobuabboooboboobbooboababb
godobdogouobged4bdbboobobbb bbb ooooboobboo
goooobbuoboooogbbbobboobbobooobbbbboooboanon
gboobbouobgbuoobuboobdobooobobobodooobouobooon
gbbubboobboodoobbobobbobbobbbobboobbobboo
gobbooobodogbbooobobbboobobbobbbbboooobboo
gobbooggbobobbbooobuoboobbboodoooouooooooooo
gbobboobbbouooobobbooooooobbooobobbobbobobn
gbboouobbobbouoboudgboobuougboobobbooboobobodobboo
gbogboobogbobooboooboobbobbobbbboobooubooobo
guoboboboodbogoboooboboogbbbbboooobboobobbobobd
gbboobobobboobbbobbuodobbobbbobbooobobuoboboo
gogobobooobboboobbodoobooboobooobbobobobobbon
gobuodguboubbdououobboodbooobobbboodgbobobboaobod
goobn
gbboubogubdgooogobobooboobobbogbboooooboo
gbobboobuboooobboobooboubobooobooobobodonb
gbbouogbdoogugbobbobbobobobbooboboboobooaobod
gbbbobooogooouoboobobboooobbooobobobooobobooobooa
goboobobogboooobuogbboboooobbooboboboboboobon
gubogdgbooobobobobdabbbobbobbbboboboooooanoo
gbogoobodgobooobbuoboabbobuobbbdoogobodoooogoon
gobobgboboboobboooobobbooboobobuoobboobooooon
gbobobobbooooboooboboboobuogououboooooboooooobo
gbooboboboodgbboooobbbbboobbuboobbboobobbodao
gbbodboobuodoooobobobouoobboouoboboobboboboo
gbogdbogooobobooobuoobooboboboboobboobuooobobo

gbouboooobouoboobobooobboobbobbboboboooboooo
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gbboouobobuobbuoobooobuoobbbboobooobb ooobboob
goboobbouooobbooooooobobooobobboobboboboboobn
gbooobobobboboobbbbbbooboogouooooubogbbooobobooon
gbodbooboubobogbobobbubobouobobobbboboobn
gboboobobooobobobobobbobbbooboooouobobbbobb
gobbobbooooobooobooboobobo
gouogboobuoggoubobodbboboobooouoouoooobbooo
gogbuogoogobobbbbobodobbobbbbooobbobobboobg
ggddbbououobboouobbobdaoobbuoobooooboboobooboddo
guobooggbouoboobooouogbougoobbboobbooooobooboboon
guodoooobuogboooboobobbbboobobboooboboboboon
gogbodbooobgbobobbbbuoguobboobbobdbooooboooon
godudobgooboooooboboobbobbboobbboooboooobobob
gogogbbboobobobbboobboobobboobbbobbobobo
(dexterity : Bernstein, 1996) 0 000 OO (Brooks, 1991)0 0000000000000
gobdbooobobuogooououobuduoooubunooogoboooobon
gbobogbbobogbboboduuoooobbobbuooobboooobod
gboooboboboobobobdoobbobbuoodooobbooboooboobonbod
gboogbbbbooobobodoobboooobobobooobbooboboo
godbobodbboouoobboobobobbbooboooboboobbobon
gogbdboooboooooouboooobooooobobobbooobobon

goboboodggn
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ooooboosbbobooboooobobooooooboobooooboooboobooboDoooo
oooooObOO0000000ooooooobobOOo00ooooOOobbOObOObObO0OBO
Oo00oO0oo0ooOoooooO0ooooDoOoOoooooo0ooooOooooogoogo
Oo0ooooo0oooooooO0oO0ooO0oOoOooOoOoooooO0oooooogooOoo
000000000 Gohara and Okuyama (1999a) 0 0000000000000 000O
ooobooooooooOoobooooooobbOOobOoooobOObObOOoOoooooonDO
ooooOooOOO0O0O0000O00oOoO0oooOo0ooooooooooooooooo

gooooo

goboboboobobogd

000000000000000000000001430000000000000
D0000000000000000000 (200000000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000000 (phase transition) 1 00 0000 00000000000000
000000000000000000000000000 (walk)D0 00 (trot) 000
0000 (gallop) 00 0000000000000 A.100 O (Hoyt & Taylor, 1981)00
0000000000000000000000000000000000000000

gbboboooobbuooobuobbooobo

i = f(x) (A1)



= : Dooooooo

4 0oooo0oono

— oo

O A1 000000000 000O000000000DO0OCO0ODOOO0O00OOOOO0O0OooOooO
goboboooboobboooboboobobobobobboooboboobobbooobbobDbo
ubdoouuoooooobooooooobobooobooboobbobbooooboobbao

0000000000 (Hoyt & Taylor (1981)0000000)

000000000 fO0D0OO0OO0ODOO0OO0O0O002=de/dt0D0O0 2000
oooooboboobOo fo0b0z000000DODOOODOOODODOOOOO
000000000000 000000000000000000 (autonomous system)
obdoooboboobobooobooboooobooboobbooooobooooooDo
vbobooooboboobobooooobooboboobooooobobooboboooa
gooooboobooobobooooooooboooobbooboobboboooboboboboon
dbooooobooboobooooobboobooboboooboooobobooboooao
coboobooobooobboobooobbobobobbooboobooboooboooboogon

gooo
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gooooooooooooooo goooOoooooooooooo
goobooooooo gooOoooooooooo

| oooooo I : gooooo
f\f\f\f\f\f\f\f\f\f\f\f\
UUUUUUUUUUUUU
oooooooo

| t Tli Iulllzf\i '2[\?:1.|2[\{(|\15|15|15|15|2[\{/|\1
aala'a'a'a'a'a'a'a'a'a'a) i HANN NN
O ]U-U-Uf- A YRR

ARAAAAAARARY LAAAARAAN, Al A A
t MUUUUUUUU [ N N/ N B B R I N
0,-0, ‘\ 02l<—>.

N AAAAAAAAL

0 A2 00000000 Gohara & Okuyama (1999) OO0 0O0O0OOOOODOOOODOODOOD
gbooogooobogobobuobooooobooobobobobooboooboobbboobobo
ggbooooboboobooboboobooboboobobobooooooboboboobboooooooo

ubdoodbooobobooboououooouobooobooo

guoggood

O00000000000000000000000 (non-autonomous system) J 000
0000000000000000000000000 I(()000000000000

00000000000 (explicit) 000000000 O0ODOODOOOCDOOOODODOO

&= f(x,1(t)) (A.2)
z,] € RN,

00000 fOD0ODOO0OOOOODOOOODOOODOODO 2000000 fOD0ODODO
ONODODOODOOOODOO RYNODOOODOODOODDOOOO (AODDoOooooo
0000 fO000 20000000000 I¢)0D000O0OCOOOOOODOOOODOO
OO0 I¢x)00000000000000000C00O00ODO0OODOO00OOoOOO
00000000 (A)ODDODOUOOODO0OO0OO0O000o0O00 (bifurcation parameter)
0000000000000 0000000000000000D0D0O00000 (Haken
et al., 1985; Schoner et al., 1986) 0 0000000000000 O0OO0OOOOOOOO

00000000 (perturbation) 00 0 0000000000000 0OOOOOODOOO
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0000 (relaxation time) 00 000000000000 000000 (critical slowing
down)00 00000 D0000O0D0D0000O00O0OO (Kelso, Scholz, & Schoner, 1986;
Kelso et al., 1988; Schoner et al., 1986; Schoner & Kelso, 1988a)0 0 A20 000000
0000000 0000000000000 0000 000000000000 00
oo uoooooboooooonooooooonooooauoooo

gooogad

gooo

00 000000000000 I) 000000000000 oo0ooooooo
gooooooobobooboobobobbooobooboobo rooooboobo
ggogdggo

I(t) = I(t +T)

ooooooob rToboobooboooooooooboooboboboboboD Togoog

ODooood
f@)=ft+1T)
00000000000 /) 00000 7000000000000000000000
O0000000000000 000000 fO0000O0OO0OOO0O I(#)00
D007000100000000000 #=2r/T)tmod2r 00000000000

y=(z,) 0000000
y=f1y) (A.3)
ye RN xSt

000000000 £/0000000000000000 (manifold) M: RY x St 00
00000000000 sS'00000 A/ 0UD0DDOUUOO0ODOOOOOOOOO
000000000000000000 RYNOOOODOOO0O»OOOOODOOOOO M
gogbbboobbooobboooboboobuooboobobobooobooon

000 D, (continuous dynamical system) 00 00000000
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00000000 Dy (discrete dynamical system) 0 000000000 MOOO0OO

000070000000000000000
Y ={(r,0) € RN x S* |0 =2n}

O000oooo0obDbobobOoobbbD é=000000000000O0=2r000ODO
000000000000 000oDooooOOoooO TOODOo0O0OoO0oOOOoDDDODOoOooDOoo
O000D0O0O0 XODOO0000 «,0000 TOOOO 2, 00000000000
ooDod

Trp1 = 91(2-) (A4)

. € RY

O00000000g, 00000 (iterated function) D0 0000000 O0O0O00OOOOO

ggbobogbooboooobbuoubogoooboobabbon
ooooboooobooooo roooobo MOooOooDOOoO fOoO0ODODOCODOOO

oob p.0b0O0 XYObOooo go00bb0obbo0obb00b0o0 D;,00ooooog

good

gboooon

gbobddgboobobooboboooogguobbobobogobog1boo
00000000 {4}, 0000000000000000000D0DO00DODOOOO0
gbboodgoobbbobboobuoobbbbbboobbobooobbbobbd

0000boobbobobobbboduobboobboo

{Da} = (M, {fi}) (A.5)

O000o00O00ooo {00000 MOOODODODDOODOOOOODOODOODODOO

godoooooooooo
{Da} = (X, {a}) (A.6)

000000000000 {¢}000000000006=2700000000000

0000000000 YO0OOO0OOoO0O0o0ooooOooooo (gleba)D OO oOooO
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O0000000000000000 (leca)D0000OODOOOOODOODOODOODOODO
000000000000 0000000000000000O0 {L}-, 0000000

00000 {D,}00000000 {Dg}00000C0000D0O0O0O0O0ODOOODOOO

{I,} = {Duy} — {Da} (A.7)

gbobooobbobdgdbuoobboobbooboobobboobbbobbooo
gbobooooobobbbobbdoboooobboooooooooouobooboo
gbooobooobooooaobobo

0000000000000 000O0D00O0DO0O0OO00ODOO (dissipative)D O OO0
goduudgoooobdobbbobboouoboobouoboobobooobobado

gogooooobooo
A:{thifglo(?(@(t):xo),xoeBCM}

O0D000O0O0O00DODO0 BODDOODUOD ADDODOODUOD zpOODODOODDOO
000 (basin)0 000000000 MOOOt=0@=000000 200000
0O¢0 t000O0O0ODDO0ODOOOODO AODDDODODDOODODOODOODOOO AOO
gotobobbboodbuobbooouboboonbobbobobouoooooon
gubbguoobbdgoboooboubobbooobbob bbb oooua
0000000000000 (Kay, 1988; Mitra et al., 1997; Yamada, 1995)0

gogbouobboobooobobooobuogboobobbouoooogo

(o) = [ ¢(0(t), o)
0<t

gobdoooooooboooobobouoobobuooobbbobbouoo g
gooogoooobooboboooobobobbooouboboobobbuoouobboon
00000 OGohara and Okuyama (19992) 000 0000000000000 (excited

attractor) 0 000000
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goooodgd

ooobooooooooooooboboboboboobooboboboooboon
ooooooooooobobboboooboobOooobooooboboboboooon
goooooobooboobooooobobooboboboobobooooobooooon
dddooooooobooooobobobobooboboobbobooooobobooooobn
gboooooooboboooooobbooboo

O000000000000000 {¢}0000000Hutchinson (1981)00 00O
000000000000000 {,} 00000 (contraction property) 0 00 0000

000000000000000000 CcO000000000000
L
C =Jnm(0). (A.8)
=1

goo

U n(C)=hm(C)Uhy(C)U---UhL(C)

gdno
m(C) = | h(x)

zeC
0000000000000 CcOO000OooooooO (fracta)D OO0
00O OBarnsley (1993) 000 {h} DO0O0O0O00O00O0O (iterated function system:
FS)OODODDOO0O00000O0O00000000oIFSOo0000ooooooO {x, )2,
000 (A8)D0000D00000 CcO0ODOO00O0000000OD0OO0OOGohara and
Okuyama (19992) 0 0000000000000 OOOO0OOOOOODODOOOOOOO
guoodooboogoooooood
000000 0000000000 I(C)0D000 L000ooooO0 yw(e)oo
gobodoooooo
L
re) = Un(©) (A9)

=1

= N(C)Un(C)U---Uy(C).

~

w(C)OOOOOD A 00000000000 OO000O0OO0O0Oooooooood

gbobobdgboobbooboobboboboobobobbobobobboboobooan
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gbbobbobbuoooodobboobboobuoobuobooooboboboobood
0000 (fractal transition) 0 00000 A300000000000OO0OO0OOOOO
gooon
googbobbogbbbbooogbbobbouobooooobooobooobg
gbogboobboobooboodoouobbbooobuoooouooboobbbod
gbooggbbodbogobuobooobuobboobboooooobooboobboooon
gboboobdgbdboobboooouguoobooboobboooobboabbod
gbgougbboobuobbboboboboobuoobooouobobbbobbob
gobod
gooboooobooooboboboboobbobbobobobbboobooooga
gbogoubbobuobbogbbooboobbobbobboobobboobobada
gooubobbooobobooboboobboobouobooboobobbobn
gboobogbubobbuodbooboboooouoobuoooobobooobobon
gbbbooouboobobbobobobobobbobboobboboboobobbb
gobbobbogbboobobobooooubobobboboooboboobobon
guobooooobobgoboobbooooboboon
godbooboobbbbbbbobobbbobbobuooooobouoooooobo
gboobobbboobogobubbdobdobboobobbdooodgboobboood
OO0O00d0obob0o00o0o0oobOob0obO NewtonDOODOOOOoOoooooboDODO
gobobooobogogobboobobbboobbboobboobbooboob
goos3sstugoooobbooubbooobobobubooooouooboooo
ggbobooobbobboobbbboboobbobbbooooooooaob
godoogodbooobooobobboboobobooboouboboooboooon
gboobobooobodaooogn
gbgbooobuoubodgbuodgbogoobboboooboooboabbbooon
ggbobbbboobobbbbuooobbotbuooooouooouuooooono
gobobodooobooooooboouooboboo

O0000000000000000 (1996)0000000000000000 (1995),
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00000 (199%)000000000000000000 (1998), 00000 (1997)0

0000000000000 D0D000D00000 Gohara and Okuyama (1999b)0 00 O

godn

>:RN 45

v.(C)
c [~
X0 ¢Z(G,C) ,YI(C)
q)[(eaxo) :
Y1(O)

0A3:0000000MO00000000 ¢(6,20)0 ¢,(6,C)0000006¢000000
000000000 S00000042, 0000000 CO0000000 ;00000000
000 ¢0000000000000000000 y(C),---,7(C),---,~(C).0000000

0000000 000 RPOD0OOOOODODODOODO NDDDDDOD RNODOOO
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