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(Rosenbaum, 2010)

 

 

1
2 3

4

 

4

5
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1.1.  

2
1

 

2
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2  

 

2.1.   

(Aimonetti, 
Hospod, Roll, & Ribot-Ciscar, 2007; Collins & Prochazka, 1996; Collins, Refshauge, 
Todd, & Gandevia, 2005; Edin & Johansson, 1995)  (Burke, Hagbarth, 
Lofstedt, & Wallin, 1976; Goodwin, McCloskey, & Matthew, 1972; McCloskey, et al., 
1974; Ribot-Ciscar & Roll, 1998; Roll & Vedel, 1982)

(Goodwin, et al., 1972; Ribot-Ciscar & Roll, 1998; 
Roll & Vedel, 1982; Naito, 2004)  

(ex. Ribot-Ciscar & Roll, 1998; Roll & Vabel, 1982)
(Hallett, 

Hallett, Bielawski, Marsden, 1981; Vallbo, 1974)
- (Vallbo, 1974)

 

(Goodwin, et al., 1972)

(Albert, Bergenhei, Ribot-Ciscar, & Roll, 
2006; Roll & Gilhodes, 1995)

(Gilhodes, Roll, & Tardy-Gervet, 1986; Gilhodes, Coiton, Roll, & 
Ans, 1993; Ribot-Ciscar & Roll, 1998; Roll & Gilhodes, 1995)

(Naito, 2004)  
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 (Bard, Fleury, Teasdale, 
Paillard, & Nougier, 1995; Gandevia & Burke, 1992; Nagaoka & Tanaka, 1981; 
Nougier, Bard, Fleury, Teasdale, Cole, Forget, Paillard, & Lamarre, 1996; Teasdale, 
Forget, Bard, Paillard, Fleury, & Lamarre, 1993; Volpe, LeDoux, & Gazzaniga, 1979)

(Forget & Lamarre, 1987, 1990)

(Bard, et 
al., 1995; Nougier, et al., 1996; Teasdale, et al., 1993)

(Bard, et al., 1995; Gandevia & Burke, 1992)  

 

2.2.  

(Ansems, Allen, & Proske, 2006; Gandevia, Smith, 
Matthew, Proske, & Taylor, 2006; Smith, Crawford, Proske, Taylor, & Gandevia, 
2009; Walsh, Allen, Gandevia, & Proske, 2006)

2

(Sense of effort)
(Gandevia & McCloskey, 1977; McCloskey, Ebelin, & 

Goodwin, 1974) Proske

(Allen & Proske, 2006; Proske, 2005, 2006; Walsh, Hesse, Morgan, & Proske, 2004; 
Winter, Allen, & Proske, 2005) Gandevia et al. (2006) Smith et al. (2009)

(Phantom hand)
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2.3.  

 ( , 1992, 2006; 
Jeannerod, 1994; Stein, 1992)

(Bassetti, Bogousslavsky, & Regli, 1993; Corkin, Milner, & Rasmussen, 1970; 
, 1986; Pause, Kunesch, Binkofski, & Freund, 1989; Poizner, Mack, 

Verfaellie, Rothi, & Heilman, 1990; Sirigu, Daprati, Pradat-Diehl, Franck, & 
Jeannerod, 1999; , 1985)

, 1985  

Liepmann

, 1986; , 2004

 

 

2.4.  

(proprioceptive task)

3
 

(Allen, et al., 2006; Ansems, et al., 2006; Proske, 2005; Walsh, 
et al., 2006; Winter, et al., 2005), “active vs passive”  (Jones, Cressman, 
& Henriques, 2010; Kelso, 1977; Laufer, Hocherman, & Dickstein, 2001; Paillard & 
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Brouchon, 1974; Stelmach, Kelso, & Wallace, 1975),  (van Beers, 
Sittig, Denier, & van der Gon, 1998) 

(van Beers, et al., 1998; Soetching & Flanders, 1989;)  
(Crowe, Keessen, Kuus, van Vliet, & Zegeling, 1987; Rincon-Gonzalez, Buneo, & 
Helms, 2011; Wilson, Wong, & Gribble, 2010) 

 

1

3 (Adamo, Martin, 
& Brown, 2007, 2009; Goble et al. 2010) 1) 

(Ipsilateral remembered) 2) 
(Contralateral remembered) 3) (Contralateral 
concurrent)

(Goble, Noble, & Brown, 
2010)

(Fuentes & Bastian, 2010; 
Rincon-Gonzalez, et al, 2011; Wilson, et al., 2010)   

(Blasier, Carpenter, & Huston, 
1994; Carey, Matyas, & Oke, 1993; Dannenbaum & Jones, 1993; Dukelow, Herter, 
Moore, Demers, Glasgow, Bagg, Norman, & Scott, 2010; Hasan, 1992; Kim & 
Choi-kwon, 1996; McNair, Stanley, & Strauss, 1996)

, 1992; , 1997; 
, 1986; Hirayama, Fukutake, & Kawamura, 1999

(Dukelow, et al., 2010; Garraway, Akhtar, 
Gore, Prescott, & Smith, 1976; , 2012; Lincoln, Crow, 
Jackson, Waters, Adams, & Hodgson, 1991)  

                                                   
1  



9 
 

(Fukatsu, Fujii, & Yamadori, 1998; 
, 1998; Ihori, Kawamura, Araki, & Kawachi, 2000; Ihori, Kawamura, Fukuzawa, 

& Kamaki, 2002; , 2004; , 2006; , 1995; 
, 2002)

 

 (Carey, Oke, & Matyas, 1996; Dukelow, et 
al., 2010; , 2012)  

Absolute 
error (AE), Constant error (CE), Variable error (VE)

AE CE (accuracy) VE
(precision)

AE VE
Schutz & Roy (1973) CE VE

CE
CE

Overshoot Undershoot CE
3

(detection threshold, sensitivity)

 

 

2.5.  

1  

(1) k = F / δ 

(1) k F δ
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Mussa-Ivaldi, Hogan, & Bizzi (1985) 

3
Mussa-Ivaldi et al. (1985)

3
1) 

2) 
3)  

 

Figure 2-1 (Mussa-Ivaldi et al. 1985)  

Mussa-Ivaldi et al. (1985)
(Franklin 

& Milner, 2003; Gomi & Osu, 1998; McIntyre, Mussa-Ivaldi, & Bizzi, 1996)

(Burdet, Osu, Franklin, Milner, & Kawato, 2001; Darainy, Malfait, Gribble, 
Towhidkhah, & Ostry, 2004; Franklin, Liaw, Milner, Osu, Burdet, & Kawato 2007)
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2.6.  

(Fitts’s law: Fitts, 1954)
Gribble

(Grrible, Mullin , Cothros, & Mattar, 2003)

( Harris
, 2003; , 2004)

Osu & Gomi, 1999; , 1996
Lamatti

(Lametti, Houle, & Ostry, 2007; Lametti & Ostry, 2010)

CNS  

(VE)
(CE)

van Beers et al. (1998)

Dukelow et al. (2010)
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2.7. 

(Gribble, 
et al., 2003; Lametti, et al., 2007; Lametti & Ostry, 2010)

 (Allen, Ansems, & Proske, 2007; Fuentes & Bastian, 2010; Jones, et al., 
2010; Rincon-Gonzalez, et al., 2011; Wilson, et al., 2010)
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3  

3.1.  

CE Allen et al. (2007)

/
(Goble, et al., 2010) /

(Adamo & Martin, 2009; Goble & Brown, 2010) 

 

 

3.2.  

3.2.1 (1) 

 
1 4  

3.2.2 (1) 

eq

2 eq

K 2  

(2) K ( eq - ) 

eq eq

eq
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eq

 

90
1  

(3) 2 3
 

 

3.2.3 (2) 

 
1  

3.2.4 (2) 

2
(Osu & 

Gomi, 1999; , 1996)

 

 

3.3  

(1 3)

Mussa-Ivaldi et al. (1985)

2
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2

 

(2)
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4  

 

4 1
2

1

2
2  

1 1 2
(Ipsilateral remembered localization task) 1 2

6  

 2

 (Itaguchi & Fukuzawa, 2012a)  

 

4.1. 

4.1.1  

1 12 21.6 2.1
 

 

4.1.2  

Figure 4-1

1
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Figure 4-1 (a) (b)  

 

8 1 (Figure 4-1a)
350mm 200mm

45 150mm
5mm

8

 

3 (FASTRAK, Polhemus)
0.76mm 60Hz

 

 

4.1.3. 

1 1) 
2) 

5~6 3) 
4) 



18 
 

 

 

3 SS SN NN
SS (Supported – Supported)
SN (Supported – Non-supported)

NN (Non-supported – Non-supported)

 

120 3 8 5

 

 

4.1.4. 

(AVE: Axis-dependent variable 
error) Best-fit ellipse AVE 

2 AVE AVE 4
2 Mussa-Ivaldi 

et al. (1985) 4
Mussa-Ivaldi et al. 

(1985)  (Distal :100.62°, Proximal: 125.25°, Left: 
134.30°, Right: 110.21°) 4 Mussa-Ivaldi et al. 
(1985) AVE

2 AVE Figure 4-2  
                                                   
2 6  
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Figure 4-2 2 AVE (Axis-dependent variable errors) +: 

4 AVE

AVE

±2

 

 

Best-fit ellipse

Gordon, Ghilardi, & Ghez, 1994
 (2SD) 95

Best-fit ellipse Pooled Best-fit ellipse

Best-fit ellipse
Pooled Best-fit ellipse

Best-fit ellipse  

CE 
(Constant error) VE (Variable error) CE

VE
8

6/1440 3  

CE CE

                                                   
3  
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CE CE
 

AVE 
3 ANOVA 3

4 2 Best-fit ellipse
3

3 4 2 ANOVA CE VE
NN SS SN 2 ANOVA 3 8

2 3 4 ANOVA
Shaffer

 

 

4.2.  

1 1  AVE
2

2
VE

 

CE VE
2 Best-fit ellipse Figure 4-3

Figure 4-2
 (Figure 4-3)  

 
Figure 4-3 2 Best-fit ellipse +: 

Best-fit ellipse  
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4.2.1 Variable error 

4 AVE
AVE

NN AVE (Figure 4-4)  

 

Figure 4-4 Axis-dependent variable error (AVE)

***p<.001 

 

AVE SS 18.1 ± 3.6 mm SN 18.4 ± 4.0 mm NN
 14.7 ± 3.6 mm AVE 27.7 ± 3.9 mm  31.6 ±1.0 

mm 21.3 ± 4.5 mm  

3 ANOVA (F1,11=131.47, p 
<.001; F2,22=10.53, p <.001) (F2,22=3.99, p 
<.05) NN

(t11=4.52, p <.05; t11=3.44, p <.05)
 ( F2,22=5.51, p <.05 F2,22=8.80, p <.01)

 (SS F1,11=46.25, p <.001 SN
F1,11=38.64, p <.001 NN F1,11=37.54, p <.001)
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4.2.2 Best-fit ellipse  

3  Pooled best-fit ellipse Figure 4-5 Best-fit 
ellipse 1SD

3
Pooled best-fit ellipse 4

SS 9.64° (15.23°, 3.46°, 15.93°, 3.96°) SN 12.72° (4.50°, 
14.65°, 7.44°, 24.28°) NN 19.70° (4.31°, 27.07°, 22.05°, 25.39°)  

Pooled best-fit ellipse Best-fit ellipse
ANOVA 4 Best-fit ellipse

(F1,11=101.67, p<.001)
AVE  

 

Figure 4-5 Pooled best-fit ellipse best-fit ellipse ± 1

 

 

4.2.3 Variable error 

8 VE VE NN SS SN
(Figure 4-6a) VE SS 34.9 ± 4.4 mm SN

36.1 ± 5.7 mm NN 26.7 ± 4.0 mm ANOVA
(F2,22=20.55, p<.001)  NN SS

(t11=6.68, p<.05) NN SN (t11=5.48, p<.05)  

                                                   
4 Pooled best-fit ellipse 

Best-fit ellipse 
Best-fit ellipse 
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4.2.4 Constant error 

8 CE CE NN SS
(Figure 4-6b) CE SS 37.0 ± 9.5 mm SN

33.9 ± 8.7 mm NN 29.4 ± 5.8 mm ANOVA
 (F2,22=3.22, p =.059) SS NN

(t11=2.83, p <.05)  

 

Figure 4-6 (a) Variable error. (b) Constant error *p<.05 

 

4.2.5  

4
Figure 4-7

3 4
Figure 4-8  

ANOVA
 (F3,33=4.98, p<.01; F2.22=5.99, p<.01) Shaffer

SS-SN SS-NN SN-NN
(t1,11=6.49, p<.001; t1,11=17.76, p<.001; t1,11=23.58, 

p<.001) Top Bottom
(t1,11=23.23, p<.001; t1,11=11.28, p<.001; t1,11=2.08, p=.062; t1,11=11.26, p<.001; 

t1,11=24.98, p<.001; t1,11=13.13, p<.001)
Left

Right Top Bottom
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Figure 4-7

 

 

Figure 4-8 3  

 

4.3.  

1
2

2

6
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4.3.1  

1
(AVE)

(Figures 4-4, 4-5)
(Lamatti, et al., 2007)

 

1

Remembered task

 

 

4.3.2  

1
2 VE CE

SN vs NN
SS vs SN

SS SN NN
SS NN

2
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Walsh et al. (2006) 

 

 

4.3.3 1  

1
1

1
1 1 5

(Figures 4-3,4-5,4-6)
2

3 1
 

1
SN

SN

SN SS
SS

 

 



27 
 

5  

 

5 2 3
2 3 1

1

3  

3 1
2 3

(Mussa-Ivaldi, et al., 1985)

3  

2 (Remembered task) 3
(Concurrent task) 2

(Goble, et al., 2010) Concurrent task
Remembered task

(Adamo, et al., 2007, 2009; Goble, et al., 2010)

 

1 3
3 2 3

2 3
Concurrent task

Remembered task

Remembered task
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2 3 Concurrent task

 Remembered task
Remembered task

Concurrent task (Itaguchi & Fukuzawa, 
2012b)  

 

5.1.  

5.1.1  

2 18 21.6 2.1 3 14  20.6
1.7

 

 

5.1.2  

2 2 2 4
(Figure 5-1a) 3 2

12

2
3 (Concurrent task)

350mm 200mm
150mm

 

2 3 3
3

1 3
(Figure 5-1b)

90mm
50mm

 



29 
 

 

Figure 5-1 (a) (+). 

AVE (b) Concurrent task  

 

5.1.3  

1  

2 Remembered task 

1) 2) 
3) 

5~6 4) 
5) 

 

3 Concurrent task 

1) 2) 
3) 

4) 

 

2
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3

2 2 9
12 2  60 3 2 11

28 2  100  

 

5.1.4  

2 3 1 (AVE) AVE
AVE (AVE based on the reference arm 

stiffness) AVE (AVE based on the indicator 
arm stiffness) 2

2 (Figure 5-1
) 1

Mussa-Ivaldi et al. (1985)  

AVE Best-fit ellipse CE
1 VE 1

AVE 5 

AVE Best-fit ellipse 3 ANOVA (2 2
2 ) CE 2 ANOVA (2 2

)  

 

5.2. 

2 3 (Remembered task, 
Concurrent task) 2

1) Concurrent task
2) Remembered task

Best-fit ellipse
 

2 1) 

                                                   
5 (AVE) VE  
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2) 

 

2 Best-fit ellipse
 (Figure 5-2) M.K. C.I.

(Figure 5-2abef) T.S.
S.A.

(Figure 5-2ch)  

 
Figure 5-2 4 Best-fit ellipse +: o: Best-fit 

ellipse (a-d) Remembered localization task, (e-h) Concurrent localization task  
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5.2.1 Remembered task Variable error 

ANOVA Remembered task
(Figure 5-3ab)

AVE
 (F1,17=3.54, p=.077) AVE AVE (Figure 

5-3a) AVE
AVE (Figure 

5-3b)  

 

Figure 5-3 Axis-dependent variable error (a) Remembered task

AVE, (b) Remembered task AVE (c) 

Concurrent task AVE (d) Concurrent task

AVE Distal/Proximal  

Concurrent task AVE AVE

 (F1,13=8.04, p<.05)  
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5.2.2 Concurrent task Variable error 

ANOVA Concurrent task
AVE  (F1,13=8.04, p<.05)

 

AVE AVE

, 
(Figure 5-3d). 

AVE  (Figure 5-3c). 

 

5.2.3 Best-fit ellipse  

Pooled best-fit ellipse
Figure 5-4 Pooled 

Best-fit ellipse Pooled Best-fit ellipse

 

Pooled best-fit ellipse AVE
Concurrent task Best-fit ellipse

Remembered task
 (Figure 5-4) Concurrent task

25.8° 17.2°
 12.2° 12.9° Remembered task 2

87.8° 44.8° 32.7° 27.0° Remembered task
2 90

 

Pooled best-fit ellipse Best-fit ellipse 
ANOVA Concurrent task Best-fit ellipse

(F1,13=6.00, p<.05)
Remembered task

(F1,17=3.82, p=.067) Remembered task 
Best-fit ellipse

AVE  
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Figure 5-4 Pooled best-fit ellipse (a) Remembered localization (b) 

Remembered localization (c) Concurrent localization (d) Concurrent 

localization best-fit ellipse ± 1

 

 

5.2.4 Constant error 

Remembered task Concurrent task 2
CE Remembered task CE

63.4 ± 27.8 mm 54.5 ± 31.8 mm Concurrent task 
63.1 ± 24.3 mm 79.2 ± 32.2 mm ANOVA

 (F1,17=6.88, p <.05; F1,13=6.25, p 
<.05) Remembered task

CE Concurrent task CE  
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5.2.5  

 “Overlap effect” (Crowe, et al., 1987)
Figure 5-5

Figure 5-6
Y  

 

Figure 5-5 (a) Remembered localization (b) 

Remembered localization (c) Concurrent localization (d) Concurrent 

localization

 

 

(Figure 5-5)
Figure 5-1
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(Figure 5-6) -80°
-45°

(overlap effect)

 (Remembered 
task: 145.9 60.2°; Concurrent task: 173.2 55.3°)

 (Remembered task : 253.0 115°; Concurrent 
task: 237.9 85.7°)  

ANOVA Remembered task
Concurrent task  
(F1,17=26.72, p<.001; F1,13=20.08, p<.001)

 

 

Figure 5-6

159.3° 243.6°  
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5.3.  

2 3

2 Concurrent 
task

Remembered task
Remembered task Concurrent task

2 3
 

 

 

5.3.1  

2 3 2 3

Concurrent task Remembered task

Concurrent task (Figure 5-3d)

AVE
Best-fit ellipse (Figure 5-4cd)

Concurrent task
 

Remembered task Remembered 
task
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Concurrent task

(p=0.086) Remembered task

(Figure 5-3)
Remembered task

2 3

 

2 3

(Wilson, et al., 2010) 
Wilson et al. (2010) 

(Wilson, et al., 2010)
Overlap effect (Crowe, et al., 1987; van Beers, et al., 1998)

2 3

 

 (Figure 5-7) Wilson et al. (2010)
Overlap effect

 

 

5.3.2   

2 3
2
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2

2 2

 

 

5.3.3  

Adamo & Martin 
(2009) Absolute error

Constant error Goble & Brown (2010)
Variable error 

Absolute error Constant error

2 3
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6  

1~3

1
2 3

1 2 3

 

2 1
Mussa-Ivaldi et al. (1985)

2 6

(Mussa-Ivaldi, et al., 1985)
Mussa-Ivaldi et al. 4

 

2 Y
Mussa-Ivaldi et al. (1985)

 

 

                                                   
6 1 2

2
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6.1.  

3
 

1)  (Ipsilateral Remembered: IR )
 

2)  (Contralateral Remembered: CR )
 

3)  (Contralateral Concurrent: CC )
 

 
1) IR  
2) CR CC

Overlap effect (Crowe, et al., 1987)
 

 

 

6.2.  

3

IR
2 CR

CC Left
Right 65°

2

 

CR CC
CR CC
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2 IR
CR

CC
CC CR IR

CC IR CR  

4 5
AVE Best-fit ellipse

(Table 6-1)

CC 2.57 cm IR 3.56 cm CR 4.05 cm
 (Table 6-1)

 

Inter-hemispheric based on indicator based on reference
integration Memory Target Proximal Distal arm stiffness arm stiffness

IR × Mean 3.61 3.52 Major < Minor -
(p<.001) -

CR Mean 4.05 4.04 - Major < Minor
n.s. (p=.086)

CC × Mean 2.67 2.46 Major < Minor -
(p<.05) n.s.

Note . IR CR CC VE CR CC VE 2 AVE
 IR: Ipsilateral Remembered, CR: Contralateral Remembered, CC: Contralateral Concurrent, VE: Variable

Error.

Table 6-1 VE
Required processing VE (cm) Result of ANOVA

 

6.2.1  

3 IR

CR

CR
CC
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IR CR

2 CR

 

Lametti et al. (2007) Lametti & Ostry 
(2010)

Lametti

 

25 40mm
Lametti 

et al. (2007) 40mm

(4mm; Gordon, et al., 1994; Vindras & Viviani, 1998)

 

 

6.2.2  

IR
CC
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3 Table 6-1
Table 6-1 2 VE

IR CR 0.49cm CC CR 1.48cm

 

 

 

6.3.  

IR

2
 

90°  (Figure 5-6 )  

Table 6-2 IR

CR CC
90 CC CR
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Target Proximal Distal Proximal Distal
IR Mean 4.02 3.39 25.28 223.68

SD 2.26 1.89
CR Mean 4.28 6.64 156.95 252.37

SD 2.36 3.40
CC Mean 8.02 6.88 183.76 243.74

SD 3.22 2.71
Note .  IR CR CC

IR: Ipsilateral Remembered, CR: Contralateral Remembered, CC:
Contralateral Concurrent.

Table 6-2
Magnitude of error vector (cm) Orientation of error vector (deg)

 

6.3.1  

IR CR CC
CR CC

IR

IR CR CC
(Table 6-2)  

2
Figure 6-1 Figure 

5-6

190
135

215 160
CR CC

 

(Crowe, et al., 1987; Wilson, et al., 2010)
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3
Figure 6-1

 

 
Figure 6-1

 

 

6.3.2  

2 3
(Wilson, et al., 2010)

Wilson et al. (2010)

 

Wilson et al. (2010) 2
1 (Bergenheim, Ribot-Ciscar, & Roll, 2000; Jones, 

et al., 2010; Roll & Ribot-Ciscar, 2000)
(Herrmann & Flanders, 1998)  2

(Gritsenko, Krouchev, & Kalaska, 2007; Howard, 
Ingram, Körding, & Wolpert, 2009) Crowe et al. (1987)
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Wilson et al. (2010)

 

Allen et al. (2007) Allen et al. (2007)

2
 

 

6.4.  

eq 2
 

(Gandevia, et al., 2006; Helmholtz, 1867; von Holst, 1954; Rizzolatti, Fadiga, 
Gallese, & Fogassi, 1996; Sperry, 1950; McClosky, et al., 1974; Wolpert, 
Ghahramani, & Jordan, 1995)

 2
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6.5.  

(Allen, et al., 2007; Fuentes & Bastian, 2010; Jones, et al., 
2010)
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7  

 

7 4

4 7 Ipsilateral remembered 
task

(Blasier, et al., 1994; Carey, et al., 1993; 
Dannenbaum & Jones, 1993; Hasan, 1992; Kim & Choi-kwon, 1996; McNair, et al., 
1996)

(Carey, et al., 1996; Dukelow, et 
al., 2010)

, 1997; , 1986; Hirayama, et al., 1999

(Dukelow, et al., 2010; Garraway, et al., 1976; Lincoln, et al., 1991)
7

 

4
2

1) 
2) 

, 2012
1) 

 2) 
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7.1. 

7.1.1  

7 57 11.6 7
5 5

7 Table 7-1 7

12 (21.6 2.1 ) 1  

K.K.(1)
N.S. T.H. 2

H.F. M.M. T.O. K.K.(2)

5 10

 

K.K.(1) N.S. T.H. M.M H.F K.K.(2) T.O.
50 47 62 67 65 69 39
M F M M M M F
6 15 23 2 3 1 43

AVM

BA39 BA39,40
BA40 BA39,40

BA39,40

- -

- - - - -
- psuedoathetosis - - - -
+ + + + + - -

 

 

 

 

                                                   
7  
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7.1.2  

1 Ipsilateral remembered task Figure 7-1
 

 

Figure 7-1 (a)  (b)  

7.1.3 

2
SS NN SS

NN
1

 

3 5
48  (2 8 3 ) SS

NN SS

 

7.1.4 

Best-fit ellipse
2 12 3  
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1) Constant error (CE) Variable error (VE)
Distance D: Trajectory / Distance TD: 

CE VE Distance
TD TD

1  

2) Initial deviation ID: 20mm
Initial interval II: 

20mm  
Final deviation FD: deviation , Final interval FI: 

interval ID II
FD FI

II FI 8

360 8 45 45  

3) Movement duration
Peak velocity Movement jerk

Flash & Hogan (1985) 3
Axes difference 4 Best-fit ellipse

 

(3)   

1

1 CE VE  
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7.2 

7.2.1  

K.K.(1)

T.O.
 

 

7.2.2 Best-fit ellipse  

7 Best-fit ellipse
H.S. Figure 7-2 H.S. CE 12 4 VE

3 Best-fit ellipse SS
NN K.K.(1), N.S.

3
N.S., K.K. (2)

K.K. (1)
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Figure 7-2 Best-fit ellipse 7 1 Best-fit ellipse

SS NN Best-fit ellipse  
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7.2.3  

Figure 7-3
8

 

Figure 7-3 (a) SS (b) NN (c) SS 

(d) NN
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7.2.4  

Figure 7-4
1  

Constant error (CE) K.K.(1)
(Figure 7-4a) SS H.F.

K.K.(2) NN
SS NN NN

H.F. K.K. (2) SS CE
T.H.

NN CE  

Variable error (VE) K.K.(1) M.M. (Figure 
7-4b) SS NN
5/7  

Distance (D) M.M. (Figure 7-4c)
SS NN 16.36 2.08 cm, 16.04 1.60 cm

13.86 1.44 cm, 12.91 2.69 cm K.K.(1) NN
 

Trajectory / Distance (TD) 2 1 (SS
1.30 0.32, NN 1.21 0.19) (Figure 7-4d) 2/7

1 2/7
3/7 K.K(1) NN
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Figure 7-4 SS/NN SS NN

1  *p<.05 

 

7.2.5  

Initial deviation (ID) T.O. M.M. SS
(Figure 7-5a) 2/10

ID 20
T.O.  

Initial interval (II) II 40
(Figure 7-5b) K.K.(1)  H.F.
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Final deviation (FD) K.K.(1), M.M., H.F. 3
(Figure 7-5c) H.F. NN

ID FD

ID FD
 

Final interval (FI) II
(Figure 7-5d) K.K.(1) N.S. FI

45  

 

Figure 7-5 SS/NN SS NN  
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7.2.6  

Movement duration (MD), Peak velocity (PV), Movement jerk (MJ) K.K(1)
6/7 2 5

(Figure 7-6a) K.K.(1)
(Figure 7-6b) N.S., T.H. K.K.(1) NN

(Figure 7-6c)  

Axes difference (AD) Best-fit ellipse
(Figure 7-6d) 40

Best-fit ellipse
K.K.(2) AD

 K.K.(1) H.F. SS NN
50  

 

Figure 7-6 Best-fit ellipse

SS/NN SS NN  
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SD Z 4
(Figure 7-7) Z 3

SS
NN SS NN

SS NN
 

(4) Z  =  – / SD 

 

7.2.7  

K.K.(1) CE Z 3
3 VE K.K.(1) H.F. 2

NN (Figure 7-7b) SS (Figure 7-7a)
SS NN

NN M.M. D
TD

NN

 

7.2.8  

Deviation
Interval ID II SS
K.K.(1), N.S., H.F. 3 NN

ID FD FI SS K.K.(1)
H.F. 2 (Figure 7-3c) NN

K.K.(1) M.M. 2 (Figure 7-3d)
H.F. NN K.K.(2)

II ID
 

7.2.9  

3 NN K.K.(1), N.S., T.H.
3 MJ (Figure 7-3f) SS H.F MJ

(Figure 7-3e) K.K.(1) MD PV
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Best-fit ellipse AD
Z 3

 

 

Figure 7-7 Z (a) SS (b) NN CE, VE, D, TD (c) SS (d) 

NN ID, II, FD, FI (e) SS (f) NN MD, PV, MJ, AD  
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7.3 

 

4

2
 

Adamo et al. (2009) 
22.1 2.0 77.1 3.5

 (AE)
 

3
39 69 Adamo et al. (2009) 

 60 4 2 T.H., K.K.(2)
AE K.K.(2)

8 Adamo et al. (2009) CE VE
2

 

 

7.3.1  

4  (VE, CE)

(Deviation) 8
45 SS

(Error bias, 
Distance) (Trajectory/Distance)

                                                   
8 AE CE AE 2012
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4  

CE VE

 

CE
FD
(II) ID

3

 

Bestfit-ellipse Axis Difference: AD
10 40 45

SS 21 NN
65

 

(Lametti & Ostry, 2010)
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Lametti et al. (2007)

 

2 2
M.M. T.O. 5/7

7/7  

1 AE CE FD
TD /

K.K.(1)

 

2

(Gritsenko, et al., 2007)
NN

  

 

7.3.2  

Pause et al. (1989) Bassetti et al. (1993)
2

2
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3 (BA 3,1,2)

(Pause, et al., 1989; Bassetti, et al., 1993)
 

 K.K.(1), 
N.S., T.H., M.M. 4 H.F., K.K.(2), T.O. 3

3
1

 

4 M.M. 3
2 SS

NN
 

M.M. 3  (Bassetti, 
et al., 1993) 3

3 3 (
Bassetti, et al., 1993)

3 M.M.
K.K.(1) N.S. T.H.

M.M.
 

2/3

H.F. 2  

H.F.

NN VE
 

4
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1) 
2)

3) 

4) 

(Corkin, et al., 1970; Iwamura, Tanaka, Sakamoto, & Hikosaka, 
1993; , 1991)  

 

7.3.3  

2

 

 1971

 

3

4 Ipsilateral remembered task

4
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1 4
CE VE 2 SS NN

(Allen & Proske, 2006; Gandevia & McCloskey, 1977; Holmes, 1917; McCloskey, 
et al., 1974; Walsh, et al., 2004; Winter, et al., 2005)

1 4

(Itaguchi & Fukuzawa, 2012a; , 2012) 4 2

 

(Carey, et al., 1996; Dukelow, et al., 
2010) Laufer et al. (2001) 

Laufer et al. (2001)
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7.3.4  

Fukatsu, et al., 
1998; , 1998; , 2004; Ihori, et al., 2000, 2002; , 2006; 

, 1995; , 2002
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