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iii 

A b s t r a c t  L 

2 h 6  ~ s r e i t s c h a f t s p o t e n t i a l  (BP) ( K o r n h u b o r  e t  a l ,  1965)  i s  . 

a slow n ? g 2 t i v ?  c o r t i c a l  E E G  wav? t h a t  p r e c s d e s  v o l u n t a r y  

a ~ v ? ~ ~ l c n t .  T p r n p a r a t i o n  f o r  t h a  rnov9ment,  m ~ a s u r e d  

F n d i r s c t l p  b y  t h e  r e s p o n s z  s p e e d  a n d  a z c u r a c y ,  a n d  t h e  

c e r t a i ~ t y .  w i t h  w h i c h  t h e  movement  i s  p e r f o r m 2 c i ,  a r e  p o s i t i v e l y  

r?13t?rl t3 BP h m p l i t n d e  a n d  d u r a t i o n .  T y p i c a l l y ,  BP r e s e a r c h  

h a s  U S Z ~  v e r y  s i m p i s ,  a b r u p t  movGments ,  t h a t  r e q u i r a  n o  

l t a r n l n g  a n d  w h i c h  c h a n g e  l i t t l e  o v e r  t h e  d u r a t i o n  of t h e  

~ x p ? r i m ? n t 3  1 9 s s s i o n .  One  s t u d y  h a s  i n v l s t i g a t e d  t h e  BP 

i 
p r e c l d i n g  a s k i l l e d  mov2ment ,  a n d  a l t h o u g h  l a r g e r  a m p l i t u d e s  

d e r d  ' f o u n d  with t h e  skilled t a s k ,  t h e r e  v e r s  LO c h a n g e s  i n  t h e  ' 

a c c u r 2 c y  of  t a s k  p e r f o r m a n c e  o v e r  tims ( P a p a . k o s t o p o u l o s ,  1976) . 
The p r e s + c t  s t u d y  w a s  d e s i g n - d  t o  i n v e s t i g a t d  c h a n g 2 s  i n  t h e  

s i z s  and c o r t i c a l  d i s t r i b u t i o n  i n  the B P  d u r i n g  the a c q u i s i t i o n  

o f  a s k i l l s d  m o t o r  t a s k .  

? 

T w e l v ?  r i g h t  h a n d ~ d ,  e x p e r i m e n t a l l y  naive subjects were 

r p c r u i t e d  from 3 u n i v e r s i t y  p o p u l a t i o n .  S c a l p  e l e c t r o d e 2  uere 

p l 3 c e d  a t  Fz, C z  s n d  t w o  l a t z r a l  p l a c e m e n t s ,  5 C B  l a t e r a l  a n d  2. 

c~ p o s t z r i o r  t o  Cz ( C 3 "  a n d  C 4 " ) ,  a l l  r e f e r r e d  t o  l i n k e d  

~ a s t o i d s .  EOG was m o n i t o r e d  from a n  i n f r a o r b i t a l  lead: T h e  

Z Z S  was a m p l i f i s 5  b y  Grass 7P1  A, DC a r n p l i f i a r s  and c ~ l l e c t e d  



? a - T i n ?  by ap  HP 21168 computer .  A series 3f s ix  b u t t o n  

p r 2 s s . i -  i n  a s p + c i f  icd p a t t d r n  c o n d i t u t e d  t h e  m o t o r  t a s k .  

S u b j e c t s  wzrs i n s t r u c t 3 d  t o  p r e s s  t h e  ser ies  Evsry 2 0  s o c .  a s  

quickly a s  p o s s i b l e ,  b u t  w i t n  n o  a r r o r s .  ~ ~ r t y - f i v e  t r i a l s  o f  

t h i s  r z s p o n s e  w e r o  c o l l s c t e d  f r o m  e a c h  s u b j e c t .  . E l e c t r i c a l  

a c t i v i t y  was r s c c r d s d  4 sec .  p r i o r  t o  t h e  m 3 t o r  r e s p o n s ?  a n d  
$-. 

c o n t i n u s d  2 S E C .  a f t s r  its i n i t i a t i o n .  

The & e c t r o p h y s i o l o g i c a l  u a t a  wste a v e r s y e d  i n  g r o u p s  o f  
e 

f l v z  c o n s e c u t i v - .  - t r i a l s ,  yielding n i n e  a v e y a g e s  p e r  s u b j e c t .  

3 e s p o n s e  tirnss f c r  t h e  f i r s t  t h r o u g h  s i x t h  s c r i e s  o f  b u t t o n  

p r 2 s s s s  33s m 2 a s u r e d  f o r  e a c h  o f  t h 3  4 5  tri3l.s. Area m e a s u r e s  

5 f  t h 3  r - s u l t a r , t  E!Fs an i l  t h e  r e s p o n s l  t imes w2re s u b j e c t e d  t o  

a n a l y s ~ s  o f  v a r i a c c e  and m u l t i ' v a r i a t s  a n a l y s t s  o f  c o v a r i a n c e ,  

with t h s  r + s p o n s ?  time a s  t h a  c o v a r i a t s .  

S i g n i f i c a n t  r s s p o n s e  t i a e ,  e l e c t r o d e  a n d  t r i a l  ( o v e r  t h e  
I 

nin? sequer:  t i a l  a v e r a g e s )  m a i n  s f f s c t s ,  and  e l e c t r o d e  by  time 

i n t n r a c t l o n s  werl f o u n d .  T h e  m u l t i v a r i a t e  a n a l y s e s  of 

c o v s r i 3 ? c e  s h o w s d  a, c o n s i s t e n t  r e l a t i o n s h i p  b e t w e e n  t h e  

r s s p o n s ?  times and  t h e  s i ze  of t n t  BPS. T h 2  r e s p o n s e  t imes 

d l c r o s s e d  s t a a d i l y  o v e r .  t h e  f i r s t  20 t r i a l s ,  r e a c h i n g  a s y m p t o t e  

f?r t h 3  f i m 1  2 5  t r i a l s .  T h 2  BP i n c r e a s e d  i n  s i z e  a t  a l l  
- -  

5 l e c t r o d ~  p l a c r m + n t s  o v e r  t h s  f i r s t  2 0  t r i a l s ;  d u r i n g  t h e  last 
t 



2 5  t h z  BP r e c o r d e d  a t  Fz and C41l d e c r e a s e d ,  uhile t h e  BP a t  C z  

3 n d q  C 3 "  r s m a i n e d  r s l a t i v e l y  c o n s t a n t ,  T h e  BP. i n c r e a s e d  

p r 3 g r a s s l v z l y  i n  s i z e  o v e r  t h e  e l e c t r o d e s  Fz, C411,C3u a n d  Cz. 

T h i s  s t u d y  d e m o n s t r a t e s  t h a t  the s i z e  and  c o r t i c a l  

distribution o f  t h e  BP a r e  s y s t ? m ' a t i c a l l y  r 4 a t e d  t o  i m p r o v e d  
r 

- - - - --- A- t 
p r o f i c i e n c y  of a m o t o r  r e s p o n s e  w i t h  l e a r n r n g .  The s k i l l k d  i * 

movsm2n.t i s  p e r f o r m e d  f a s t e r ,  mors 2 f f i c i e n t l y  a n d  w i t h  1 ss 

-- 

'd \ h e s i t a n c y  a s  l e a r n i n g  p r o g r e s s e s .  T h e  r e s u l t s  a l s o  s u p p o r g  
: t .  

p r o v i 9 u s  s t u d i e s  w h i c h  f o u n d  t h e  c e r t a i n t y  and p r e p a r p t i o n  f o r  ,, - 

r s s p o n s a  r e l a t e d  t o  t h e  s i z e  o f  t h e  BP. 

~ r g a n i z a t i c n  of movement h a s  been r e l a t e a  t o  t h e  s u b j e c t ' s ?  
I 

c o n s c i o u s  I n v o l v e m e n t  and a t x e n t i o n  w i t h  th3 - kaqk @ e l s o -  EI_ 

* S t e l m s c h ,  7976; H c c a l l u m ,  1976) .  H a i n t e n a n c e  of a s k i l l e d  

r e s p o c s e  r e q u i r e s  l e s s  i n v o l v e m e n t  t h a n  d o e s  t h e  l e a r n i n g  o f  a 
v 

, m o t o r  s k i l l .  A f t e r  l e a r n i n g  t h e  f r o n t a l  BP d e c r e a s e s  w h i l e  t h e  
+ 

BPS p r o x i m a l  t o  t h e  motor p r o j e c t i o n  areas of  t h e  r e s p a n d i n g  

m u s c u l ~ u r a  f a i l  t o  d e c r e a s e ,  s u p p o r t i n g  t h i s  i n t e r p r e t a t i o n .  
0 

'. 
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~ r i ? n t a t i o n  made  t h i s  t h e s i s  p o s s i b l e .  A sp2cial t h a n k s  g o e s  

'to Ray Koopraan f o r  h i s  t iae  a n d ' e n t h u s i a s m  f ~ r  tht A s p e x  p l o t s  

a n d  t h e  i n v a l u a b l e  smoothicg program;  and Howard G a b e r t  f o r  

his o f t - n e e d e d  t o c h n i c a  1 h e l p  and a d v i c e  o v e r  t h e  y e a r s ,  

I 
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I n t r o d u c t i o a  

# 

T h e  B e r e i t s c h a f t s p o t ~ n t i a l  

- \ 
C - P 

A l t h o u g h  novement-associatedb c , o r t i c a l  e l e c t r i c a l  
- - - -- -- - - -- - - LA -- -- 

p 3 t 3 n t i a l s  i n  man were f i r s t  r e p o r t e d  b y  B a t s s  i n  1 9 5 1 ,  i t  w a s  

n o t  until f o n r t s s n  < y e a r s e l a t a r  t h a t  t h e  s l o w  nega t ive  wav;. 

p r e c e s d i n g ,  q o v e m ~ n t  was  f i rs t  , d i s c o v e r e l  ( K o r n h u b l r  st - a l . ,  

1 9 6 5 ) .  T h e  B ~ r a i t s c h a f t s p o t t n t i a l  ( B P )  'or r e a d i n e q s  p o t s n t i a l  
0 Y 

, ( a P )  was f o u n d  t o  p r e c e d e  v o l u n t a r y  m o v e m 2 n t s .  - R v e r ,  t h e  BP 

/' 
was c ~ r r e l a t o d  w i t h  i n t e n t i o n a l  e n g a g e m e n t  i n  t h s  r e q u i r e d  t a s k  - 
a n d  a s i n g 1 2  m o v e a s n t  was n o t  always p r e c e e d s d  b y  t h e  same s i z e  

B P .  These r e s u l t s  l e d  R o r n h u b e r  ~t a l ,  t3 c o n c l - d e  t h a t  .th2 

M o v e m e n t s  that are  p a s s i v e  or i n v o l u n t a r y  are not prepded 

by BPS ~Papakostopoulos e t  al., 1 9 7 4 ;  S u m i t s u j i ,  1 9 7 5 )  ; n o r  a r e  
, - 

r 
/--' -- - r z s p o n s n s  i n  reactJim time,'paradigms l a c k i n g  a w a r n i n g  s t i m u l u s  

(3ikawa e t  a l . ,  1972)  . BPS h a v e  b e a n  r e c o r d z d  p r i o r  t o  h a n d , -  

f i n g e r ,  f33t, arm a n d  sacca c e y e  movements ,  s p e e c h ,  And t h e  7 
t 5 g s i n g  of a s i n g l e  motor u n i t  ( V a u g h a n  e t  a l . ,  1968; J o n s s  E 

\ 



'' 
s i m i l a r  i n  a l l  r e p o r t e d  s t u d i e s  ( i n c l u d i n g  r e s e a r c h  w i t h  

\ 

*- -*: ~ 3 n k e y  s ( v a u g h a n  et-'81, 1 9 6 9 )  ) t h e  t o p o g r a p h y ,  a o p l i t u d e  a n d  

3 u r d t i o n  v a r y  c o n s i d e r a b l y .  ' 

@ - 
1 - L h.2 

* -  ~ 

B*S 
e p h y s i o l o g i c a l  b a s i s  oc,, t5ez BP h a s  n o t  y e t  b e e n  T"<--T h -, 

a T.:*- * 

e s t s b l i s h e d .  V a u g h a n  e t  a l .  (1968) s u g g e s t  t h a t  t h e  BP a r i s e s  . 
- -- -- - LAP--p 

f r o m  l o c a l i z ~ d  c o r t  i c a l  s o u r c & .  n g .  l a r g e r  t h a n  t h e  g e n e r a t o r s  
I l- r 

of  t h e  c o r n e o r a t i n a l  r e s q r c h e r s  h a v e  f o * n d  

k - 
c o r t i c a l  n e g a t i v e  s l ow  waves t o  c o m p a n y  i n c r e a s e d  n e u r o n a l  

f 
/ 

a c t i v i t y  a n d  d e n d r i t i c  d e p o l a r i z a t i o n  ( F u s t e r  G Alexander, 

1971; S h e a f o r  6 ~ o w i a n d ,  1 9 7 4 ;  R e b e r t ,  1 9 7 3 ,  1976).  A l t h o u g h  a -- Y 
s l o w  &%&i-a93rbave b e e n  r e c o r d e d  from s u b c o r t i c a l  a reas  s u c h  

a s  t h e  t h a l a r a u s ,  c a u d a t e  n u c l e u s  a n d  a m y g d a l a ,  a c l ea r  

F u n c t i o n a l  r e l a t i o n s h i p  h a s  n o t  b e e n  f o u n d  f o r  i n t r a c e r e b r a l  
i 

sf- w a v e s  ( R e b e r t ,  1976). - ~ h & v ~ s t i g a t i o r r  o f  the cpzms* of' -- 

- - 
slow p o t ~ n i i a l s  c o n t i n u e s  i n  a r e a s  o f  p h y s i o l o g y , '  n e u r o b i o l o g y ,  

slg. 

n e u r o z h e ~ i s t r y " " 8 n d  'F p s y c h o p h y ~ i o l o ~ y .  T h e  s e n s i t i v i t y  of the. BP , - 

d 

t o  a x p e r i n e n t a l  m a n i p u l a t i o n s  a n d  p s y c h o l o g i c ~ l  s t a t e s  



O n e  of 3 %~ f C$oTif ro~@rs ia l  i s s u e s  i n  t h e  BP l i t e r a t o r e  

c o n c e r n e d  the p o s s i b i l i t y  of i d e n t i f y i n g  s u b c l a s s i f i c a t i o n s  'of 

- b  
t h e  BP. SOBE r e s e a r c h e r s  s e p a r a t e d  the .  BP i n t o  s e v e r a l  

c o m p o n 2 n t  vaves b u t  a t t e m p t s  . t o  r e p l i c a t e  t h e s e  f a i l e d  t o  . 
p r o d y c e  ganerQ a g r e e m e n t .  s u g g e s t e d  c o m p o n e n t  w a v e f o r i s  were: 

/ 
A a  s l o w  negative r i s e  S t a r t i n g - . d o  2 sec  p r i o r  t o  t h e  r e s p o n s e  

( B P  o r  N1) , a s m a l l  4 p o s i t i v e  v a v e  150-80 msec p r l c r  to t h e  
- 

f-l 
r e s p o n s e  (Pl), a  r i s e  100-50 nsec p r i o r  t o  t h e  

/ / 
r o s p o n s e  (12) -  a n d  a f a r g e  p o s i t i v e  wav& f o l l o w i n g  t h e  r e s p o n s e  .. 

I P 2 )  { G i l d e n  e t  a l .  , 1 9 6 ' 5 ~  Vaughan e t  a 1 ,  , ' 1 9 6 8 ;  D e e c k e  e t  a l . ,  
- - -  

F 

-1969; K o r n h u b f r  e t  a l ,  1 h ;  G e r b r a n d t  e t  a l ,  1 9 7 3 ) .  The  o n l y  

c o m p o n e n t  t h a t  researchers h a v e  l i n k e d  t o  t h s  m o t o r  command h a s  

b e e n  M2, y e t  6veI-1 t h i s  i s  n o t  u n a n i m o u s l y  s u p p o r t e d  (see 
- 

G p r b r a n d t  e t  a-1973; P a p a k o s t o p o u l o s ,  1975) .  F u r t h e r r e o r e ,  f f 
t h e  s m a l l e r  v a v e s  (ib a n d  N 2 )  h a v e  no; b e e n  c o n s @ $ t e n t l y  f o h n d  

, 

- - - - - - - - - -  - - - - - - -- - 

w i t h i n  o r  a c r o s s  s t u d i e s ,  wh ich  s e v e r e l y  l i m i t s  f u r t h e r  

i n v l s t i g a t i o n  a n d  c l a s s i f i c a t i o n ,  C o n s e q u e n t l y ,  r e c e n t  s t u d i e s  

h a v e  f o c u s e d  a t t e n t i o n  p r i m a r i l y  o n  t h e  l a r g e r  vaves, BP o r  P2  

( D e l a u n o y  e t  a l .  , 1976) d 
4 

T h e  e x a c t  c o r t i c a l  d i s t r i b u t i k w  of t h e  BP i s  a l s o  

u n c e r t a i n  U s u a l l y ,  t h g  BP is l a r g e s t  o v e r  t h e  m o t o r  c o r t e x ,  
.m.r. 

d e c r e a s i n g  p r e c i p i t o u s l y  b o t h  a n t e r i o r l y  and p o s t e r i o r l y .  O v e r  
- - - - 

t h e  c e n t r a l  s u l c u s  i t  i s  ' l a r g e s t  a t  the vertex  d e c r e a s i n g  . . -. 
- = - >  

- ""+---pp 
: 
f 
'i 

- !  
3 
h 

5 



-- - - - --P 

/- l a t e r a l l y ,  b u t  mos t  o f t e n  a s y m m ~ t r i c a l l y .  The m a j o r l t y  o f  . 1 
s t u d i e s  h a s  f o u n d  t h e  BP t o  be  l a r g e r  o v e r  , t h e  h e m i s p h e r e  

c o n t r a l a t e r a l  t o  the muscle g r o u p  employed  i n  t h e  r e s p o n s e ;  

a l t h o u g h  t h i s  effect is weak o r  a b s e n t  i n  l e f t - h a n d e d  s u b j e c t s  

a n d  when s u b j e c t s  r e s p o n d  v i t h  t h e i r  non-dominan t  hand 

{Kornhuber  e t  a l . ,  1 9 6 5 ;  G e r b r a n d t  e t  a l . ,  7973;  Vaughan e t  
- - - -A - - - - - 

a l . ,  1968;  K u t a s  E Donch in ,  1974;  HcCal lum,  1 9 7 6 ) .  Deecke e t  I 

a l . ,  (1969)  and HcAdam G 2 u b i n  (1971)  however,  f o u n d  t h e  BP t o  

P b e  s y m m e t r i c a l l y  d i s t r i b u t e d  i n  r i g h t - h s n d e d  s u b j e c t s  

Bb r e s p o n d i n g  v i t h  t h e i r  d o m i n a n t  hand .  When t h e  r e s p o n d i n g  
> 

-7Y' 

m u s c u l a t u r s  is n o t  l a t e r a l i z e d  a s  ?h eye mo32ments t h e  BP i s  

b i l a t e r a l l y  s y r n m s t r i c a l  (Becker e t  a l ; ,  1973 ;  v a u q h a n  e t  a l . ,  

1 9 6 8 ) .  Vaughan f o u n d  t h e  B P  t o  b e  l a r g e s t  o v e r  t h e  a r e a  o f  t h e  

m o t o r  c o r t e x  a s s o c i a t e d  w i t h  t h e  r e s p o n d i n g  m u 3 c u l a t u r e  d u r i n g  

foot, arm ' and h a n d ,  and-mouth movements. ~ h e - ~ ~ & r i r b u ~ o n a ; l  - 

d i f f e r e n c e s ,  however ,  were f o u n d  only b ~ t v e e n  g r o s s l y  d i % p r a t e  
a 

m u s c l e  g r o u p s ,  a s  v a r i o u s  h a n d  arid f i n g e r  movements  d i d ,  n o t  

p r o d u c e  r e l i a b l y  d i f f e r e n t  s p a t i a l  d i s t r i b u t i o n s .  E a r l i e r  

s t n d i e s  f o u n d  t h e  BP to be l a r g e r  p ~ e c e n t r a l l y  ( a n t e r i o r  t o  t h e  

R o l a n d i c  f i s s u r e )  (Vaugha,n e t  a l , ,  1968;  Daecke e t  a l ,  l 9 6 9 ) ,  

w h e r e a s  more r e c e n t  s t u d i e s  h a v e  f o u n d  - t h e  BP l a r g e r  

p o s t c e n t r a l l y  ( G e r b a n d t  et a l ,  1973;  P a p a k o s t o p o u l o s ,  1976)  . 
- - - --pP -- - -- - - -- -- - -- -- 

T h e  e x p l a n a t i o n  for t h i s  d i s c r e p a n c y  is not r e a d i l y  ' a p p a r e n t ,  

___t 

a s  t h e  f o u i s t u d i e s  u s e d  siml?ar e l e c t 3 o d e  p l a c e m e n t s  and 

r s s p o n s e  movements. 6 p 



, R e s e a r c h e r s  h a v e  a l s o  s o u g h t  t o  d i s c o v e r  s y s t s m a t i c  
2 

c h - a n g e s  i n  t h e  BP w h i c h  c o v a r y  w i t h  m o v e m e n t  p a r a m e t e r s .  

~ v i d e n c e  f r o m  i n d e p e n d e n t  s t u d i e s  h a s  been s t e a d i l y  

d c c u r a u l a t i n g  h o w e v e r ,  w h i c h  s t r o n g l y  s u g g e s t s  t h a t  t h e  BP is 

n o t  s i m p l y  a m o t o r  p o t e n t i a l .  T h e  c l a i m  o f  V a u g h d  e t  a l . ,  
4 

.{1968) a n d  ~ i i d e n  e t  al. (1965)  t h a t  t h e  BP i s  a c e r e b r a l  o r  
;, j=%L 

p h y s i o l o g i c a l  c o r r e l a t e  of s p e c i f i c  m o v e m e n t s  is b e i n g  

s u p 2 r c e d e d  b y  c l a i m s  t h a t  t h g  BP r e p r e s 5 n t s  a more g e n e r a l  

r e a d i n e s s  o r  p r e p a r a t i o n  t o  p e r f o r a r  a t a s k  (McAdam & ' S e a l e s ,  

. 1969;  ~ a r v i l h e t o  G F r u h s t o r f e r ,  1 9 7 0 ) .  ~ u t a s  C D o n c h i n  ' (1974)  - - -  -- 

f o u n d  BP a m p l i t u d e  t o  v a r y  d i r e c t l y  w i t h  i n c r e a s e s  i n  t h ?  f o k c e  
w 

of the r e s p o n s e ,  'i;et a i l k e  & L a n s i n g  ( 1 9 7 3 )  , Xazsman e t  a l .  

(1 976) and  D o n c h i n  & K u t a s  ($9763 f a i l e d  t o  - c o r r o b ~ r a t ?  -this,-- 

f i n d i n g .  T a n j i  & K a t o  ( 1 9 7 1 )  t r a d n e d  s u b j e c t s  i n  t h e : ,  

v o l i t i o n a l  d i s c h a r g e  o f  s i n g l e  m o t o r  u n i t s .  T h e y  f o u n d  BPS 

p r e c e d i h  t h e  c o n t r a c t i o n  of a m9tor u n i t  t o  ba  e q u a l  t o  t h o s e  
1- 

p r a c a d i n g  t h e  m o v e m e n t  of the e n t i r e  m u s c l e .  T h e  a u t h o r s  aade  

no  i n t e r p r e t a t i o n s  c o n c e r n i n g  t h e  p r e p a r a t i o n  r e q u i r e d  f o r  t h e  

rsspec t ive  r e s p o n s e s ,  a s  b o t h  were e a s i l y  p a r f o r m e d ,  b u t  the 
- 

r e s u l t s  c l e a r l y ,  d e m o n s t r a t e  t h e '  g t a b i l i t y  of t h e  BP d e s p i t e  t h o  
- 

g r e a t  d i v e r s i t y  o f - m o m n t  p a r a a e  ters. 
* 

- - - - - -- - - - - - 



B a z e a a n  e t  a l .  (1976) r e p o r t e d  t h a t  s p z e d  of r e s p o n s e  h a d  

e co e f f e c t  o n  t h e  EIP, a l t h o u g h  B e c k e r  2 t  31. (1  976) r e p o r t e d  

slow movemen t s  t o  b e  p r e c e d e d  b y  BPS of g r s a t e r  a m p l i t u d e  a n d  
- A  

*- d u r a t i o n  t h a n  were b a l l i s t i c  movements ,  B e c k e r  e t  a l  

s p e c u l a t 4  t h a t  more p r e p a r a t i o n  w a s  r s q u i r e d  f o r  s l o u ,  

L J ~ , w ~ l l - c o n t r o l . l e d  movemen t s  a n d  t h i s  i n t e r p r e t a t i o n  b_as 33en 
-i 

2, ;; + 
+- - .-* s u p p o r t e d  b y  o t h ~ r  r s s e a r c h e r s .  L o v a l e s s  6 S a n f o r d  (1974)  

- r e p . o r t s d  t h e  a m p l i t u d e  o f  t h a  uave  p r e c e d i n g  a r e s p o n s e  t o  be 
r. 3 

p r o p o r t i o n a l .  t o  t h f  l e v e l  -of  p r e p a r a t o r y  s e t ,  a s  i n f e r r e d  f r o m  

t h e  s p z e d  of t h e  r e a c t i o n  time. PlcAdam & i i u b i n  (1971) u s e d  

r e s p o n s e  a c c u r a c y  a s  a m e a s u r e  o f  p r e p a r a t i o n  t o  r e s p o r i d  a n d  
J 

f o u n d  l a r g e r  BPS w i t h  a c c u r a t e  r n s p o n s o s ,  T h e i r  s u b  j sc ts '  

p o s t  - r e s p o n s e  e s t i m a t e s  of a c c u r a c y  were p o s i t i v e l y  r e l a t 2 d  t o  

t h e  a c t u a l  a c c u r a c y  o b t a i n a d .  The more c e r t a i n  t h e  s u b j e c t s  
- - - - - - - - - ---  - - 

w e r e  a b o u t  r e s p o n s e  a c c u r a c y  o r  t h e  b e t t e r  p r e p a r e d  t h e y  were 

t o  r e s p o n d ,  t h f  l a r g e r  t h ?  BP. F o r d  st  a i  (1973)  i n v e s t i g a t e d  
% -  " 

5: 
BPS w i t h  q u a l i t a t i v e l y  d i f f e r e n t  b u t  t o n  p r a s s p s .  P r e s s i n g  a  

s k i n - c o n t a c t  b u t t o n ,  w h i c h  r s q u i r e d  more  p r s p a r a t i o n  t h a n  a 

s t a n d a r d  p u s h - b u t t o n ,  was  p r e c e d e d  b y  BPS o f  i n c r e a s e d  

amp3 i tude  a n d  d u r a t i o n .  

A c o n f o u n d i n g  v a r i a b l e  - %n - t h e  s t u d y  of F o r d  e t  a l  (1973)  
- - -- - 

h o w e v e r ,  is p o s t - r e s p o n s e  f e e d b a c k  o r  s t i m u l a t i o n ,  T h e i r  
- - - - -  - -- 

s u b j e c t s  r e c e i v e d  B o r e  s e n s o r y  f e e d b a c k  c o n c e r n i n g  the a c c u r a c y  





4 

.'t'&-, - - - -- - - - - - 
the r i g h t  % e m i s p h a f e  t h a n  o v e r  t h e  l a f t  l a s  i't w a s  ~ 5 t h  a 

n .' 0 fi ' " 
s i n g l e ~ ~ e f t - b a n d e d  - <  - r e s p o n s e )  , a l t h o u g h  $7@, s k i l l e d  task  *as 

7 .:< 
, A. 

p & r f o r m e d  w i t h  t h o  r i g h t  h a n d .  T h i s .  r0u16 t h a t  t h e  
& 5'- 

g e n e r a l  p r e p a r a t i o n  t o  s t a r t  t h e  t r i a l  was g r e a t e r  ' t h a n  t h e  

p r e p a r a t i o n  t o  r e s p o n d  w i t h i n  th+ t r i a l .  Hou?ver,  c o n c l u s i o n s  

r e g a r d i n g  t h e  l a t e r a l i z a t i o n  of t h e  BP a r e  d i f f i c u l t  t o  make 

u n d e r  these  c o n d i t i o ~ s ,  a s  the s u b j e c t s 1  u s e  of b o t h  hands  i n  -- A 

someykat d i f f e r e n t  r e s p o n s o s  p r o b a b l y  c o n f o u n d s  t h e  r e s u l t s -  

I n  a l l  c o n d i t i o n s  t h e  BP was l a r g e r  p a s t c e n t r a l l y  t h a n  
, 9 

- 

p r e c e n t r a l l y  a n d  was l a r g e s t  a t  Cz o n l y  d u r i r i g  t h e  s k i l l e d  task 

c o n i l i  t i o n ,  BPS p r e c e d i n g  c o r r e c t  r e s p o n s e s  were l a r g e r  , t h a n  

t h o s e  p r e c e d i n g  i n c o r r e c t  r e s p o n s e s ,  f u r t h e r  s u p p o r t i n g  t h e  

t h ~ s i s  t h a t  BPS a r e  m o r e  a p p r o p r i a t s l y  i n t e ' r p r e t e d  a s  a m e a s u r e  

? f  c e r t a i n t y  a n d  p r e p a r a t i o n  t o  make a  r e s p o n s e .  



R o t o r  S k i l l s  

P r o b l e m ~  w i t h  t h e  s t u d y  o f  ~ & a k o s t o ~ o u l o s  (1376) l a r g e l y  
9 

s u r r o u n d  t h e  d e f i n i t i o n  o f  a  s k i l l e d  t a s k ,  T h e r e  w a s  n o  
/ 

- - 

i n c r s a s e  ' i n  t h e  _ n u m b s r  o f  c o r r e c t  r e s p o n s e s ,  Yet 

P a p a k o s t o p o u l o s  d i s c u s s e s  t h e  r s s u l t s  i n  terms o f  d e v g l o p i n g  
. ' D 

a n d  i m p r o v i n g  s k i l l f u l  p e r f o r m a n c e ,  I n  o r d a r  t o  d i s c a s s  Lhe- -- - -  

d e v e l o p m ~ n t  of a  s k i l l ,  t h e r e  s h o u l d  be a n  o b j e c t i v e  m e a s u r e  of 

improvement i n  t h e  p e r f o r m a n c e  o f  t h e  s k i l l .  P a p a k o s t o p o U l o s  * 

subjects w e r e  n o t  l e a r n i n g  a response a s  much a s  s e l e c t i n g  t h e  

r e s p o n s e  9 n  c u e .  R e s e a r c h  i n  the field o f  m o t o r  s k i l l s ,  

h o w e v e r ,  h a s  s h i f t s d  f r o m  a n  e m p h a s i s  o n  p r o d u c t ,  o r  t h e  
L 

select i o n  of r e s p o n s e s ,  t o  a n  e m p h a s i s  o n  p r o c z s s e s  o c c u r r i n g  

w h i l e  p e o p l e  l a a r n  to.  n a k e  s k i l l e d  r e s p o n s e s .  F o r  b e t 2 t e r  

i n t e g r a t i o n  of  Bp r e s e a r c h  w i t h  t h e  f i e l d  o f  m o t o r  t a s k s ,  a  
- - - -- - - - - - - -- 

r e s p o g s 2  w h i c h  c a n  show c l ea r  i m p r o v e m e n t  i n  p e r f o r m a n c e  w i t h  

p r a c t i c ?  s h o u l d  be c h o s e n  a s  t h e  v o l u n t a r y  movement.  I 

\ 
Tho p e r f o r m a n c e  of a s k i l l e d  t a s k  g i v e s  r i s e  t o  s e v e r a l  

s2urces of  f e e d b a c k  a n d  r e c e n t l y  much r e s e a r c h  h a s  c e n t e x e d  o n  

. t h e  r o l l  o f  f e e d b a c k '  i n '  s k i l l e d  movements ,  S t u d i a s  of  motor 

s k i l l s  often r e q u i r e  t h z  s u b j e c t  t o  p r a c t i c e  a s i n g l e  r%spoBse, 

s l l o w i n g  n o  e x t e r n a l  f e e d b a c k .  S u c h  s t u d i e s  h a v e  

f o u n d  t h a t  a s  t h e  s u b j e c t  a t t e ~ p t s  t o  l e a r n  t h e  t a s k ,  t h e  



r z s p o n s e s  become less v a r i a b l e ,  b u t  n o t  more a c c u r a t e  ( S e a s h o r e  

G B a v e l a s ,  1 9 4 1 ;  N e u e l l ,  1 9 7 4 ) .  When s u b j e c t s  r e c e i v e  f e e d b a c k  

f r o m  p r o p r i o c e p t i o n  a n d  v i s i o n ,  t h e y  a r e  a b l e  t o  a c c u r a t e l y  

e s t i m a t e  t h e  p r s c i s i o n  o f  t h e i r  r e s p o n s e  a f t e r  t h o  moveuient. ,- 

By v a r y i n g  t h e i r  rssponses, s u b j e c t s  c a n  c o r r e c t  e r r o r s  o n  

s u b s e q u 2 n t  t r i a l s  a n d  p e r f o r m a n c e  s f v t h e  s k i l l e d  t a s k  improves. 
- - - - - - 

( S c h m i d t ,  1 9 7 6 ;  Adams, 1 9 7 1 ,  1 9 7 6 )  . Uoder s u c h  c o n d i t i o n s  

r! k 
i n f o r m a t i o n  f r o m  t h e  e x p e r i m e n t 2 r  r e g a r d i n g  the c o r r e c t n e s s  of 

t h e  r e s p o n s e  becomes i n c r e a s i n g l y  r e d u n d a n t .  A s  t h e  s k i l l  i s  - 

a c q u i r e d  t h e  s e q u e n c e  - o f  - movemen t s  b e c o m e s  s t r u c t u r e d  a n d  n o  

l o n . g e r  r e q u i r e s  d i r e c t  v i s u a l  c o n t m l ,   his i m p l i e s  t h a t  

a l t h o u g h  s e v e r a l  s o u r c e s  o f  f e e d b a c k  a r e  b e n e f i c i a l  t o  s k i l l  

a c q u i s i t i o n ,  r s d u n d a n t  p o r t i o n s  c a n  b e  d r o p p s d  o n c e  t h e  p r o p e r  

movemznt h a s  b e e n  e s t a b l i s h e d  ( K e e l e  & S u a a e r ,  1 9 7 6 ) .  U n d e r  

c o n d i t i o n s  of  a m p l e  f e e d b a c k  t h G  s k i l l e d  movement . - c a n  r a p i S f l y  - -  - 

a p p r o x i m a t e  a  r e s p o n s e  d e s c r i b e d  i n  a n  - i n s t r u c t i o n a l  set.  B 

h i g h  c o r r e s p o n d e n c e  h a s  b e e n  f o u n d  b e t w e e n  i n s t r u c t i o n s  t o  t h e  

s u b j e c t  d e l i n e a t i n g  t h e  r e q u i r e d  r e p o n s a  a n d  the , a c t u a l  

r e s p o n s o  p e r f o r m e d  ( B o u i s s e t  & L e s t i e n n e ,  1 9 7 4 ) .  T h i s  s t u d y  

a l s o  f o u n d  the mos t  e f f e c t i v e  i n s t r u c t i o n  t o  a c h i e v e  thls e n d  l 
t o  b e  O I ~ Q  s w p h a s i z i n g  r e s p b n s e  s p e e d .  



k -- - - - - - - - - 

D u i i n g  t h e  a c q n i s i t i o n  of a s e r i a l  t a s k ,  s p e e d  a n d  

a c c u r a c y  a r e  n o t  i n d e p e n d e n t l y  a c q u i r a d ;  e a c h  i s  a . c r i t i c a l  

f a c t o r  o f  the r e s p o n s e  a n d  i u p r o v ? m e n t s  . o f  p r o c s e d  

si m u l t a n 2 o u s l y .  H o w e v e r ,  t h e  i n s t r u c t i o n a l  s e t  g i v e n  t o  a 

s u b j e c t  i n f l u e n c e s  ' t h e  r a l a t i v e  c h a n g e  i n  ' thts?  two aspects o f  

a t a s k .  1 n s t ; u c t i o n s  e m p h a s i z i n g  e i t h e r  s p e a d  o r  a c c u r a c y  of 
+ - - 

. r e s p o n s e  d e c r e a s e  v a r i a b i l i t y  i n  t h e  r e s p o n s ? s ,  b u t  i n c r e a s e  
b'fg', 

p. ," 
rri r e s p e c t i v e l y  e r r o r s  o r  r o a c t i o n  t i m ~  { P i t t s ,  1 9 6 6 ) . \  T h e  

\ 
i m p o r t a n c e  of  these two a s p e c t s  t o  a  s t u d y  s h o u l d  be a s s k s s e d  

&. $ 

.-a" * -  e <- s .  

ir 
s n d  s p 5 c i f i c  i n s t r u c t i o n s  g i v e n  to t h e  s u b j a c t s .  B l a c k  of 

=A 

t n s t r u c  t i o n s  r e g a r d i n g  s p o e d  a n d  a c c u r a c y  y i e l d s  g r e a t e r  

v a r i a b i l i t y  i n  t h e  d a t a  a n d  l e s s  f h s t  a n d  llss a c c u r a t e  

- 
As s l s ~ e n t s  a r ?  a d d e d  t o  a s e r i a l  t a s k  k h a  p e r i o d  r e q u i r e d  

- t o  mastsr i t  l e n g t h e n s  and  - a t t e n t i o n a l  ' r 2 q . u i r e i a e n t s  f o r  t h e  

r s s p o n s e  inc reas '2 . - '  K l e i n l !  & P o s n e r  ( 1 9 7 4 )  r e p o r t  t h a t  s i m p l e  
1 

_ d i s c r e t e  m o v e m p n t s  demand n o  a t t e n t i o n  e x c e p t  a t  i n i t i a t i o n ,  

b u t  t h a t .  a t t s n t i o n a l  d e m a n d s  t h r o u g h o u t  a s s r i a l  m o v e a a n t  
rC 

i n c r e a s e  w i t h  t h e  l e v e l  o f  a c c u r a c y  r e q u i r e d .  A d e c r e a s e  i n  

a t t z n t i o n  p r o d u c e s  a d e c r e a s e  i n  r e s p o n s e  a c c u r a c y  a n d  i m p r o v e d  

p e r f o r m a n c e  is a c c o ~ p l i s h e d  o n l y  with t h e  a l l o c a t i o n  of 

a t t e n t i o n a l  d e w d s  of a r e p e t i t i v e  s e r i a l  t a s k - , h i + &  may 



a f t e r  t h e  s e q u e n c e  i s  l e a r n e d  a n d  r e s p o n s 2  u n c e r t a i n t y  

d e c r e a s e s .  A l s o ,  a  m o v e m e n t  t h a t  a s u b j e c t  i s  p r e p a r e d  t o  make 

i n v o l v e s  m o r e  a t t e n t i o n  a n d  is p e r f o r m e d  b e t t e r  t h a n  a n  

u n a n t i c i p a t e d  m o v e m e n t .  This s u g g e s t s  t h a t  a t t e n t i o n  i s  

r s l a t e d  t o  t h e  p r e p a r a t i o n  t o  r e s p o n d  a n d  t o  t h e  a c c u r a c y  of 
\> 

t h s  r 2 s p o n s e  w i t h  o b v i o u s  i m p l i c a t i o n s  f o r  BP ~ e s e a s c h .  

T h e  i n t e r n a l  o r g a n i z a t i o n  o r  p l a n n i n g  o r  a movement  p r i o r  
. . 

t o  i t s  i n i t i a t i o n  h a v e  a s s u m e d  t o  r l q u i r e  s u c h  f u n c t i o n s  

a s  p r e s e l e c t i o n  a n d  f e e d f o r w a r d  (Teuber ,  1964 ;  K e l s o  G 

S t e l m a c h ,  1976) . I t  a l s o  h a s  b e e n  s u g g e s t e d  t h a t  t h s  p r i n c i p l e  - 
r o l e  o f  t h e  f r o n t a l  s t r u c t u r e s  is t o  p s r m i t  m o n i t o r i n g  o f  

m o v e m e n t s  i a  a n  a n t i c i p a t o r y  manner .  T h i s  s c t i v i t y  w o u l d  b e  

s x p 3 c t o d  t o  be  m a x i m a l  i n  t h e  f r o n t a l  a r e a s  p r i o r  t o  a n  o 

* / 

i n t e n t i o n a l  movement .  D u r i n g  t h e  a c q u i s i t i o n  o f  a motor skillz- - - 

-4' t h e s e  a s p e c t s  of p r e p a r a t o r y  b r a i n  a c t i v i t y  3re more c r u c l  1 -$- 
t h a n  d u r i n g  t h e  m a i n t e n a n c e  o f  a l e a r n e d  r a s p o n s e .  I f  t h i s  

p r o c e s s i n g  o c c u r s  p r i g a r i l y  i n  t h e  f r o n t a l  s t r u c t u r e s ,  t h e n  

t h a t  a r e a  s h o u l d  be  m o r e  i n v o l v e d  d u r i n g  t h e  a c q u i s i t L o n  o f  a 

s k i l l z d  r e s p o n s e  t h a n  d u r i n g  the reps t i t i o n  o f  a n  a c q u i r e d  

t a s k .  



R e s e a r c h  5n t h e  a rea  o  m o t o r  s k Z l l s  o f t o n  p a r a l l e l s  t h e  * %  
r 2 s e a r c h  w i t h  BPS y e t  feu s t u d i e s  h a v 2  made t h e s e  p a r a l i e l s  

explicit. Pew (1  9 7 4 )  v h w s  g o a l - o r i ; . n t e d ,  s e l f - i n i t i a t e d  

- m o v e m e n t s  a s  t h e  h i g h e s t  o r d e r  o f  movement i n  a m u l t i - l e v e l  

t h e o r y  o f  s k i l l s .  N o n - s k i l l e d  s e l f - i n i t i a t e d  u iovements  h a v e  

b e e n  s t u d i e d '  b y  BP r e s e a r c h e r s ;  g o a l - o r i e n t e d  m o t o r  skills h a v e  

beqn s t u d i e d  by  m o t o r  p e r f o r m a n c e ,  l e a r n i n g  a n d  c o n t t o l  
- - P -- - 

t h e o r i s t s .  R e s e a r c h  t h a t  c a n  i n t e r r e l a t e  k n o w l e d g e  f rout b o t h  

f i l l d s  i s  n e c e s s a r y  i f  a fuller u n d e r s t a n d i n g  a f  t h 8  m e c h a n i s m s  
b 

i n v o l v e d  i n  m o t o r  skills i s  t o  e v o l v e .  

C u r r e n t  S t u d y  

T h i s  t h e s i s  w a s  d e s i g n e d  t o  i n v s s t i g a t e  the BP a n d  i t s  

c o r t i c a l  d i s t r i b u t i o n  d u r i n g  t h e  a c q u i s i t i o n  o f  a s k i l l e d ,  

s e r i a l  mot o r  response .  - I m p r o v e m e n t  i n  t h e  - s p e e d  o f  t h e  

r e s p o n s e  o v e r  t r i a l s  was e s t a b l i s h e d  a s  t h a  m e a s u r e  of  s k i l l  

a c q u i s i t i o n .  P i l o t  r e s e a r c h  h a d  shown t h a t  t h o  t a s k  c o u l d  n o t  

be m a s t e r g d  i m m e d i a t e l y .  Yet i t  was s i m p l e  e n o u g h  t h a t  

r s s p o n s ?  ' p e r f o r m a n c e  r e a c h e d  a s y m p t o t e  w i t h i n  15-30 t r i a l s  w i t h  

-_ 
no f e e d b a c k  f r o m .  t h e  e x p e r i m e n t e r .  



A st a-rrbard t , m m x i ~ - t - ~ n q  - n s b i i l e  b u t t o n  

p r e s s e s ,  w a s  c o n d u c t e d  both b e f o r e  a n d  a f t e r  the s k i l l e d  t a s k  

c o n d i t i o n  t o  d g t e r m i n e  i f  a n y  s y s t a m a t i c  c h a n g e s  o c c u r r e d  i n  

t h e  B P  a s  a function o f  t h e  d u r a t i ~ n  3f t h e  e x p e r i m g n t a l  

s e s s i o n .  No d i f f e r e n c e  i n  t h e  BPS from t h e  two s t a n d a r d  

c o n d i t i o n s  was p r e d i c t e d .  

I t  was e x p e c t s d  t h a t  the BP would  i n c r e a s e  i n  size d u r i n g  

. l e a r n i n g ,  p a r t i c u l a r l y  o v e r  t h e  f r . o n t a 1  a r e a s ,  a n d  t h e n  

d i i n i n i s h  a f t e r  a c q u i s i t i o n .  An i n i t i a l  riss i n  t h e  BP was 

p r s d i c t e d  a s  r e s p o n s e  p r e p a r a t i o n  a n d  accuracy  i n c r a a s e d ;  t h e  

f r o n t a l  a r e a  was e x p e c t e d  t o  c h a n g e  more  r a p i d l y  t o  r e f l e c t  t h e  

. a n t i c i p a t o r y  p l a n u i n g  o f  t h e  movement (Teuber, 1964 ;  Kelso € 

S t e l m a c h ,  1976 ) .  Biter  a c q u i s i t i o n  o f  the r e s p o n s e  t h e  

s u b j e c t s *  a t t e n t i o n  a n d  i n v o l v e m e n t  with t h e  t a s k  a n d  h e n c e  t h e  
- - - -  - - 

r e c o r d a d  BPS w o r e  e x p e c t e d  t o  d e c r e a s e  ( P ~ v ,  1 9 7 4 ;  K l e i n ,  1976; 

EcCallum, 1 9 7 6 )  . A s  s u b j e c t s  wore r l s p o n d i n g  w i t h  t h e i r  

d o m i n a n t  ha$d l a t t e a l i i a t i o o  of t h e  B P  was  a l s o  + e x p e c t e d  

{ G e r b r a n d t  e t  a l . ,  1973 ;  K u t a s  E L   onc chin, 1 9 7 4 )  , F i n a l l y ,  i t  
9 

was  p r e d i c t e d  t h a t  t h e  BP p r e c e o d i n g  a s i n g l e  b u t t o n  p r e s s  

wou ld  b e  much s m a l l e r  t h a n  t h e  BP p r e c e e d i n g  t h e  s k i l l e d  task, 
\ 

a s  t h e  l a t t e r  would  r e q u i r e  much more p r e p a r a t i o n  a n d  a t t e n t i o n  



@ 

S u b j e c t s .  Six ma13 and s i x  f e a a l e  p a i d  s u b j z c t s  ( 1 9 - 3 1  
P 

y s a r s  o f  3 g e )  u z r e  r 2 c r u i t e d  from t h e  ' p s y c h o l o g y '  d e p a r t ~ n t  a t  

S i m o n  f r a s o r  U n F v ? r s i t y .  A l l  u e r a  r i g h t - h a n d e d  a n d  a l l  were 

n a i v e  a s  t o  t h z  a ,  p u r p o s s  of t h e  study, 

A p p a r 3 t u s .  W o n - p o l a r i z a b l 2  Beckman s i l v e r  s i l v e r - c h l o r i d a  

f l a c t r o d s s  *erg u3,sd t o  g a i n  s u f f i c i e n t  s t a b l i l i t y  f ~ r  DC 

r 2 c o r d l o g .  Tkc E E G  s i g n a l s  we rz  a m p l i f i e d  b y  GrasS 7P1  A DC 

a a p l i f i e r s ,  w i t h  3 r o l l - o f f  of 3dB a t  5 0  Hz. T h e  single t r i a l s  
4 

wer? c o 1 l " c t a d  ar.6 d i g i t i z s d  ' ( 1024  p o i n t s  p e r  s n e s p )  b y  a 

~ s w l 3 t t  ~ a e k a r l  2116B c o m p u t e r  a n d  s t o r ~ d  on-line o n  m a g n e t i c  

tape?. After ~ a c 5  t r i a l  t h o  r e c o r d  was  d i s p l 3 y z d  i m m e d i a t s l y  o n  

-1 C3T and- a c c s p t e d  far s t o r a g e - u n l e s s  a n  a r t ; f a c t , - s u c h  a s  a n  

e y 2  movement ,  w a s  prs , s?n t .  ~ n  c a s h  3; z o n t a m i n a t i o n  by a n  -. 
a r t i f a c t  t h e  t r i a l  was r=. jectea a n d  t h e  s u b s e q u e n t  a r t i f a c t -  

f r z 2  t r i a l  a c c ? p % d  i n  I ts  s t e a d .  

* 
Data  c o l l e c t ? o n  was c o n t r o l l e d  b y  a p r o j r a m ,  ~ r i t t e n  b y  H.  

F. Ga b e r t ,  E n g . ,  t h a t  a l l o w e d  t h e  s u b j e c t  t o  i n i t i a t e  th? . 

t r i s l s .  T h e  p r o g r a m  c o l l e c t e d  d a t a  from t h e  o n g o i n g  r e c o r d  

- -- -- - - 

J u r i r i g  - t h e  p g r 5 a d  4 sec p r i o r  t o  and-2 sec f o P l o w i n g  tha. 
a 

initiatioa o f  th=. s u b  ~ c & + s  TBS~UKSF.T 
- - - -- - -- - - - - - - - - 

JS .- 



* 
p a s t e  3 n ~  h o u r  p r e c e d i n g  a p p l i c a t i o n ,  % a l l o w i n g  t h e  

-4- .* 
p a s ~ e / t l s c t r o d e  i n t e r f a c e  t o  s t a b i l i z e .  A f t e r  t h z  s k i n  h# 

i 
a 

&en c leaned  witk a l c o h o i  a n d  abraded,  th? E E G  2 l e c t r o d e s  wgre 
t %F 

*1 
a f f l x o d - t c  t h 6  s u b j e c t t s  s c a l p  w i t h  c o l l o d i o n  s o i k e d  gauze& a t  

CZ, FZ and two i a t + r a l  p l3cemer i t s ,  five cm l a t e r a l  a n d  o  ca /"I 
i n f r a ~ r b i t a l  EOG c l p c t r o d e  a n d  two m a s t o i d  = o d e s  u@re h e l d  

I 
i n  p l a c e  with - 1 s c t r ~ d e  c o l l a r s .  Th? EEG a n d  EOG el*odes 

. a 5 *,%* 

wlrz refzrr5d t o  f f n k 2 d  m a s t o i d s .  T h s  i m p e d a n c e  b ~ t w e e n  a n y  - 

t a ~  e l e c t r o d e s  was l o s s  t h a n  5K ohms f o r  a i l  s u b j e c t s .  

J 
T h e  s n b  jects W S T ~  s e a t + d  i n  a  l a r g e  c o m f c r t a b l e  c h a i r  i n  

3 electrically . s h i e l d 4  room, a n d  

(72 .5  x 10 x 8cm) w h i c h  t h e y  h e l d  on 
- -- - - - - - - - 

c 3 n t a i n e d  t w o  r o w s  of t h r e e  b u t t o n s  

a i j a c ~ n t  b u t t o ~ s .  B force o f  1050g was 

g i v e n  a small t n e t a l  b o x  

t h e i r  l a p s .  The b o x  
- -- - - - - 

e a c h ,  w i t h  2 cm be tween  

r e q u i r e d  t o  d e p r e s s  t h e  

b u t t 3 n s  t h ?  n e c s s s 3 r y  5 mrn f o r  s w i t c h  c l o s u r s .  S u b j e c t ' s  r i g h t  

3rm r ? s t ? d  on t hs  a r a  o f  ths c h a i r  a n d  was s u p p o r t e d  with a 
I 

p i l l o w  ' t o  mini ta ize  i n v o I v e ~ l l e n t  of the fore-arm when responding. +* 

A l l  s u b j s c t s  ussd t h l i r  r i g h t  h a n d  t h r o u g h o u t .  They were ; 

i x s t r u c t e d  t o  r s f r a i c  fraa b l i n k i n g  a n d  a o v i n g  t h e i r  eyes, i 

~ a r t i c u l a r l y  . d u r i r g  t h e  • ’ 3 ~  s e c o n d s  b e f ~ r e  and a f t e r  a % 
- - -- -- -- - 

d 34 

s u b j e c t s  wsre asked  t o  r ~ ~ p o n d  a p p r o x i m a t e l y  every r l  spon s?, 
- - -  - -- 4% 

- 2 0  s + c o n d s ,  b u t  u s r e  r s q n e s t a d  n o t  t o  count o r  u s e  a I g 
sDa3 v a r i a b i l i t y  i n  t i i a i n g  was d e s i r a b l e .  



I 
Betwesn t r i a l s ,  thl s u b j e c t ' s  f i n g e r  rested o n  t h e  f i r s t  

. \  'A 

b u t t o n  e n s u r i n g  t h a t  t h s  f i r s t  iaovement  i n i t i a t i n g  t h e  t r i a l  

was i d s n t i c a l  s c r o s s  t r i a l ' s  a n d  c ~ n d i t i o n s .  T h a  f i r s t  o r  

s t a n d a r d  c o n d i t i o n  r e q u i r e d  t h e  s u b j e c t  to make a s i n g l e  b u t t o n  

p r ~ s s .  Th;l s u b j e c t s  were i n s t r u c t e d  t o  r a s p o n d  s h a r p l y  a s  t h s y  

w o u l d  i n  a r2actlon t i  task, D u r i n g  this c o n d i t i o n - - t h & - -  - 

s u b j e c t s  were g i v ~ n  f l e d b a c k ,  v i a  a n  i n t e r c o m ,  r e g a r d i o g  

spacing of t h e i r  r a s p o c s s s  (i. e., w h e t h e r  t h a r e  was e i t h e r  too  
, r- 

-- 

l i t t l e  o r  t o ~  much time b e t w 2 e n  t r i a l s )  a n d  e y - ?  m o v e m e n t s  

( w h e t h e r  t h e y  u + r e  b l i n k i n g  o r  m o v i n g  t h e i r  eyes  during 
d 

t r i a l s ) .  S u b j ~ c t s  generally r e q u i r e d  very l i t t l s  f e e d b a c k  

d u r i n g  t h e  s e s s i c n .  , 

A 

A f t e r  collscting f i  f t e m  t r i a l s  o f  t h e  s t a n d a q d  c o n d i t i o n ,  
- - -  - - - - - -  - -- 

i n s t r u c t i o n s  f o r  t h e . e x p e r i m e n t a 1  c o n d i t i a n  were g i v e n .  T h e  

subject was s h o w n  a p a t t e r n  o f  b u t t o n  pressas, w h i c h  i n c l u d e d  

a l l  s i x  b u t t o n s  w i t h  no  r d p e t i t i o n s  ( F i g u r e  1 ) .  The  p a t t e r n  

was d e m o n s t r a t e d  t h r ~ ?  t i a s s  b y  t h e  e x p e r i r a e n t o r  b u t  s u b j e c t s  

u t r e  allowed n o  practice. S . u b j e c t s  were askzd t o  r e p e a t  t h e  

s e r i z s  a s  q u l c k l p  a s  p o s s i b l e  a l w a y s  r e t u r n i n g  t o  t h e  f i r s z  

b u t t o n  u p o n  compl2t i o n .  T h e  r e q u i r e m e n t  of m a x i a i z i n g  s p e e d  

w i t h o u t  sjcrif i c i n q  a c c u r a c y  was s t r e s s e d .  S o b  jects were t o l d  - 
r * 

t h a t  t h e  s p a c i n g  of r e s p o n s s s  a n d  control of eye movemsnt w o u l d  I 
- -- - - - - - - - - - - - - -- -- - - - ' 

Z 3 



b e - t h s  same a s .  i r r  t h 3  p r e c e d i n g  c o n d i t i ~ n ,  b u t  t h a t  t h e  

d u r a t i o n  o f  ths e x p e r i m e n t a l  c o n d i t i o n  wou ld  b e  l o n g s r .  

F 3 r t y - f i v e  t r i a l s  wsrc c o i l e c t ? d .  Th2 s u b j 2 c t s  were t h e n  

F n f o r m ~ d  t h a t  t h z  s t a n d a r d  c o n d i t i o n  was ts bs r e p e a t e d .  T h e  

s a r l i e r  i n s t r u c t i o n s  ,wars r a i t e r a t s d ,  a n d  a f i n a l  f i f t e e n  

t r i a l s  col lscted.  U p o n  c o m p l ~ t i o n  o f  t h e  s d s s i o n  t h e  s u b j e c t s  

-- 

w e r e  d e b r i a f  e d .  
- 

D a t a  A n a l y s i s  

~ h 2  d a t a  f r o m  each s t a n d a r d  c o n d i t i o n  were a v e r a g e d  a c r o s s  

t h 3  f i f t e e n  trials. I n  t h e  e x p e r i n e n t a l  o r  s k i l l e d  t a s k  

c o n d i t i o n ,  d a t a  f r o m  s a t s  of f i v e  c o n s e c u t i v e  trials were 

a v 5 r a g e d ,  y i ~ l d i c g  n i n ~  a v c r a g e s  f o r  each  c h a n n e l  f o r  each 

s u b j x t .  T h e  f i r s t  s e c o n d  o f  d a t a  from e a c h  t r i a l  was t a k s n  a s  - 
- - - - - 

t h e  b a s e l i n e  b s f c r e  s v z r a g i n g .  
- 4 

I- 

- 
*.. 
'", k. t-jp C' - 3 - 

Aria m e a s u r s s *  were calcul@hd o v e r  t h r e a  s e c t i o n s  o f  e a c h  

a v 2 r a g e  a s  d e p i c t ~ d  i n  F i g u r e  2. The s e c t i o n s  were d e f i n e d  a s  
- '% 

•’3110~~:. 1. t h e  2 sec p e r i o d  p r i o r  t o  t h e  r e s p o n s e ;  2, m i n u s  

t o  p l u s  50  msec f r m  t h e  r e s p o n s e ;  3. the 2 sec p e r i o d  

f o l l o w i n g  t h e  r a s p o n s e .  In-. each sectior any ,area bounded by . . "- .<- . 

t h e  curve b 4 0 f  +&E h s d i n e  ~ a s - s l t f r t r a c t e ~ ~ & - ~ e d ~ e a ~  



- -- - 

d l t s r m i n a t i o n  t a k e s  i n t o  c o n s i d e r a t i o n  a l l  d a t a  .points w i t h i n  a 
i;*? 

4," s ~ ~ c i f l e d  s ~ c t i o r ! ,  r a t h s r  t h a n  l o ~ k i n g  at o n l y  n e g a t i v e  d a t a  - 
p o i n t s  a n d  i g ~ o r i n g  t h o s . 3 - w h i c h  fall below th; b a s e l i n s .  Ths 

f i r s t  if t h e s e  a r p a  m e a s u r e s  is  related t o  b 3 t h  tip a a p l i t u d ~  

a n d  d u r a t i o n  of t h c  BP. T h s  u s u a l  mechod  o f  d e t 2 r m i n i n g  

d u r a t i o n ,  f i t t i n g  a lic+ar r e g r e s s i o n  l i n e  f r o m  t h e  p e a k  of t h e  

BP t o  b a s e l i n e  b y  h a d  ~ n d  eye, was deem3d i n s p p r o p r i a t e  far 

two r2ss31-1~. T b ?  s l o p e  of  t h a  BPS i n  t h i s  s t u d y  was r a r ~ l y  

n a  a n d  t h ~  m e t h 3 d  i6csalf i s  s u s c e p t i b l ?  t o  e x p e r i m e n t e r  

b i a s .  T h e  a m p l L t u d e  a t  t h a  r e s p o n s e  h a s  b z e n  * t h e  m o s t  +corernor, 

m o a s u r s  in p r c v i c u s  r 3 s e a r c h .  T h e  peak  a r e a  m 2 3 s u r o  was 

computzd to allow c o m p a r i s o n  w i t h  o t h e r  s t u d i 2 s .  T h e  t h i r d  o r  

p 3 s t - B P  s e c t i o n  was i n c i u d e d  t o  m e a s u r e  a n y  c h a n g e s  in a r e ' a  

d u r i n g  the p e r f o m a n c ~  o f  -the s k i l l e d  tasg* 3s t h a t  p s r f o r m a r l c e  

F a p r o v s d .  A l t h o u q h  the r e s p o n s e  i n i t i a l l y  r z q u i r e d  m o r e  t h a n  2 
- - - - - - - - 

ssc t o  c o r n p i e t ~ ,  b y  t h ?  2 0 t h  t r i a l  s u b j e c t s  u s u a l l y  f i n i s h e d  

w i t h i n  t h ?  2 stc s s c t i o n .  

T h a  3ura t . lo i - i  3 5  t h ?  r s s p o n s e  f r o m  t h e  f i r s t  t h r o u g h  s i x t h  

s lr ies of  b u t t o n  p r t ~ s s e s ,  a n d  the t i m s  b e t w e e n  t h e  f i r s t  a n d  

s 2 c o n d  b u t t o n  p r e s s s s ,  was w a s u r e d  f o r  all 4 5  t r i a l s .  

R e s p o n s e  t i a te* ' , aver  t h ~  s a r i e s  o f  s i x  p r e s s e s  was aversgad i n  

s a t s  32 five, k6 c o r r ~ ~ ~ p o n d  n i t h  h - E E U r a w  - * t h e - -  

a n a l y s e s ,  - - - 



Pattern of button presses for skilled task 

1. 2 to 4 sec. L 

2. 3- to 4- 

3. 4 to 6 sec. 

t 
RESPONSE 

- Area- measures under t h e  curve: 



Th? EEG d a t a  a c r o s s  c o n d i . t i o n s  w z r z  a n a l y s e d  u s i n g  a o n e  

w i t h i n ,  two b e t w e l n  a n a l y s i s  of  v a r i a n c a  { s u b j e c t s  ( 6 )  w i t h i n  

5 2 8  ( 2 )  , c r 3 s s 5 2  w i t h  c o . n d i t i o n s ( 3 )  a n d  s l a c t r o d e s  44) ) f o r  each 

o f  t h 2  t w o  B P  a r 2 3  m e a s i l r + s .  F o r  s k i l l e d  t a s k  th? EEG d a t a  

were an31ys3d U S ~ C Q  ~ X ~ ~ Y S S S  of  v a r i a n c e  i n  a o n e  w i t h i n ,  two 

b ~ t w ~ ? n  d e s i g n  ( s u b  j c c t s ( 6 )  w i t h i n  sex(2-) , c r o s s e d  with * 

e l + c t r g d ? s ( Y )  3 n 3  t r i a l s ( 9 )  ) f o r  t h e  t h r e e  a r e a  m ? a s u r e s ;  a n d  

f 3 u r  m u l t i v a r i a t ~  3 n a l y s e s  o f  c o v a r i a n c e ,  u s i n g  t h e  r e p o n s e  

tin? 3s t h e  c 3 v 3 r i a t t .  F o r  e a c h  a v e r a g e  t n e r e  wsrc! f o u r  sets 

of m e a s u r e s ,  on?  f o r  e a c h  e l z c t r o d e ,  b u t  o n l y  o n e  r e s p o n s e  time 

n s c e s s i t a t i n g  ? m u l t i v a r i a t s  a n a l y s i s  o f  c o v a r i a n c e  f o r  e a c h  

2 l s c t r o d e .  Th+ r 2 s p o n s e  t i m e s  were s u b j z c t s d  t o  a o n e  w i t h i n ,  

3 n e  b=tws?n a n a l y s i s  3f v a r i a n c s  ( s u b j e c t s  w i t h i n  sex,  c m s s 2 d  
4 

v i f h  t r i a l s ) .  
- - - - - 

Th* 45  s i n g 1 2  t r i a l s  .of t h e  s k i l l e d  t a s k ' f o r  each s u b j e c t  

a n d  e a c h  a l e c t r o d e  were p l o t t e d  u s i n g  t n e  ' A s p e x '  p r o g r a m .  

?his i s  3 computs r  g r a p h i c s  p r o g r a m  m o d e l 1 4  o n  ' S y ~ v u *  which 

g s n c r 3 t e s  t h r e ?  d i m s n s i o n a l  l i n e - d r a w i n g  d i s p l a y s  o.f d a t a .  T h e  

p r o q ~ a m  utilizzs g r i d  m a t r i x  d a t a  ( i n  t h i s . c a s e  p o i n t s  within 

trlsls b y  t r i a l s  3 v e r  t i m s ) ,  i n t s r p o l a t e s  between d a t a  p o i n t s ,  

y i l l d i n g  s p a t i s l l y  c o n t i n u o u s  d a t a .  A p r o g r ' a a  f o r  two 
- - - - - --- - - 

d i a l e n s i o n a l  s m o o t h i n g  c f  d a t a  ( w i t h i n  and  a c r o s s  t r i a l s )  was 
A* 

- - 



- L 

w r i t t s n  b y  R .  P. Koopman. T h e  program e m p l o y s  either 

po ly f io rn i a l  o r  f 0 u r i . r  s m o o t h i n g  a n d  t h d d e g r e l  o f  s m o o t h i n g  can . 
be  s p e c i f i e d  i n d e p e n d e n t l y  a c r o s s  . s n d  within t r i a l s .  T h i s  I 

i n i t i a l  t r l a t m e n t  of  t h e  d a t a  was an 3ssential p r e r e q u i s i t e  f o r  

u s a  o f  t h a  Aspex p r o g r a n ,  dus t o  t h 2  nokss i n  E E G  s i n g l e  t r i a l  

d a t a .  



R e s u l t s  

a n  a n 3 l y s i s  o f  v a r i a n c e  was c o n d u c t s ?  f ~ r  e a c h  o f  t h s  BP 

m a s s u r e s  t o  t ~ s t  f o r - d i f f e r ? n c c s  a m ~ n g  t h z  two s t e a n d a r d  a n d  t h e  

s k i l l n d  , t a s k  c o o d i t i o n s ,  N O  s i g ~ i f i c a n t  c o n d i t i o n  m a i n  e f f 3 c t .  
P 

was f o u n d  f o r  t h z  BP m?asurs 2 ssc p r i o r  t o '  t h s  r e s p o n s e  
- 

J 

( F = l . 3 9 l ,  ? f=2 /2O,  p>.05)  ; w h z r 3 a s .  t h e  p e a k  m e 3 s u r e  was 
. '- 

s % g n i f F c a n t % y - . - l a g e r  d u r i n g  t h e  s k i l l e d  tdsk t h a n  dur",ng t h e  _ 

T h e  a v ~ r ~ i q e s  a c r o s s  s u b j e c t s  f 3 r  t h e  s k i l l e d  t a s k ,  f o r  t h e  

n l n ?  t r i a l  b l o c k s  a n d  f o u r  e l e c t r o d e s  i l l u s t r a t e  t h e  g e n e r a l  

l t r e c d s  i n  t h c  F i g u r e  3 3 ; l f i g u r -  3b s h o w s  a s i n g 1  

s u b j x t p s  d a t a  o f  t h e  s k i l l e d  t a s k  c o n d i t i o n )  . The i n f l u e n c e  

of s k i l l  a c q u i s i t i o n  o n  the BP was i n v e s t i g a t e d  u s i n g -  t h r o e  
* 

a r i 3 l y s e s  of v a r i a n c ~ ,  one f o r  s a c h  o f " t h e  d e p e n d e n t  aF&a . - 
rn..asur-.s. T h e  3 n a l y s a s  o f  v a r i a n c e  ( s u r t l h r i z e d  i n  T a b l e s  "I, I1 - / 

I a n d  111) f o u c d  s i g n i f i c l n t  t r i a l  a n d  e l e c t r o d e  m a i n  e f f e c t s  a n d  

- X 
3 t r i a i  by s l e c t r o d e  i n t a r a c t i o n  f o r  t h e  a r e a  m e a s u r e  2 sec 

p r i 3 r  t o  t h z  r e s p o n s e  and ths psek  ar?a B e a s u r t .  S i g n i f i c a n t  

e l z c t r o d e  mair 2 f f e c t  a n d  a t r i a l  b y  e l e c t r a d e  i n t e r a c t i o n  were 

f o u n d  f o r  t h ~  a r a a  m a a s u r s  2 sec f o l l o w i n g  t h e  r e s p o n s e .  No 
- - -- - 

s i g n i f i c a c t  c h a n g e  o v e r  the t r ia l  b l o c k s  was f o u n d  f o r  t h l ' s  

measure. The e f e c t r o c 3 e  m a i n  e f f e c t s  were a t t r i tmt&tee  t o  tkie - 
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Summary o f  thz A n a l y s i s  3 f @ a r i a n c e  
f o r  peak area R e d s u r e  

,- 

(Sex) 
\ '. 

( T r i a l s )  
f 

( E l z c t  r ~ d e s )  



Tsblo III 

Summary,of A n a l y & i s  of Varianc? 
f o r  area measure 2 s%c following r e s p o n s ?  initiation 

i - 
X { S e x )  S (X) 1 / 7 0  -4880.4 0.3755 - ns 

T ( T r i a l s )  S T  (ii) 8/80 434 .6  1.2221 ns 

E (Tltctrodes) S E ( X )  . 3/30 3475.8 8.9441 <.OU1 

XT a/80 599.2 1.6843 ns 

X % SE (X) 3/30 448.9 1.1541 11s . 
re S T E  (x) 24/240 77.0 1.8845 <.01 



c o n s t a r t  2 m p f i t u d e  d i f f  ? r e n c t s  a-m3ng t h e  e i z c t r o d e s .  Across 

a s u b j e c t s  a i d  t r i a l s  tbs  s i z ?  o f  t h t  3P i n c r e a s e d  f r o m  P z ,  t o  

"I1 ,  t o  C3I1, tz C z  [ s e e  Figu1;e 4 ) .  P ~ E  g r e a t e s t  d i f f e r s n c e  ir, 

the 3P msasures  was b c t u a l n  p z  a n d ' t h p  o t h ? r  t h r e e  e l e c t r o d = . s  
- i 

( F = 2 0 . 3 6 ,  d f = 1 / 3 0 ,  p < . 0 0 1 ) .  . T h +  B P  a t  C3It was n o t  

s i g n i f i c a n t l y  l a r g s r  t h a n  t h a t  a t  C4I1  (F=3,85, d f = 1 / 3 0 ,  p < . l )  , 
- -- - P A -  

3 l t h o u g h  t h e  t r z c d  % a s  i n  t h e  e x p e c t e d  d i r e c t i o n .  F o r  t h ?  l a s t  

a r e s  m ? a s u r e ,  2 s ~ c  f o l l o w i n q  'tho r s s p D n s e ,  b o t h  Fz  a n d  C 4 " .  

v e r s  3f reuch z t r t a l i s r  a r e 3  tk3rr  wtre CZ afrd C 3 "  fF=25.86, 

d f = 1 / 3 0 ,  p< .001)  ( s ~ e  F i g u r e  5 ) .  The t r i a l  a a i r !  $ f f ? c t s  wzre 
J - 

d u e  t o  a s t ~ a d y  l n c r e z s z  i n  t n t  a r s a ,  a t  a l l  s l e c t r o d e s  f o r  t h a  

f i r s t  4 a v e r a g "  ( o r  20 t r i a l s ) ,  arld t h e n  soma d s c r ? a s + ,  03 

a v s r a g e ,  2 v s r  t h e  l a s t  4 a v s r a g s s  { o r  20 t r l a l s )  . T h e  

i n t z r s c t i o n  e f f e c t  a t  t h e  m e a s u r 4  2 sec p r e c e e d i n g  t h p  

r s s p o n 3 ? ,  was d u t  t o  d l f f G r ? n c s s 1  b s t w e e n  t h g  c l e c t r o c f e s  d u r i n g  
3 -' , 

t h e  13st 5 a v e r a g e s .  A t  C4I1  a n d  Fz t h e  B P  d e c r e a s e d  s t e a d i l y  

f o r  3 3 4 of  t h e s ~  l a s t  5 a v p r a g a s  u h i l s  a t  C z  a n d  C3Ir  ths 

. . 
siz3 d r o p p e d  ~ n l t i a l l y  a n d  t h e n  r s b o u n d a d  f o r  o n e  t o  two ' 

3 v ~ r a g e s .  A t  a l l  s l s c t r o d e s  t h e r z  gas a n  i n c r s a s e  in t h e  s i z e  

3f th9 BP d u r i n g  t h s  last a v e r a g 2  (ssp P i q u r e  6). Tha 

J i n t 2 r 2 c t i g n  sffrz,$ a t  th2 B P  p e s k  B e a s u r e  was d u e  t o  s i m i l a r ,  

a l t h o u g h  s o m e w h a t  less marked  changes ( s a l  F i g u r e  7). 
- - - - - - 
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P E A K  MEASURE 

F I G U R E  7 

.-- 
P i -  

T R I A L  BLOCKS 
-- - -- 



- 

T h e  r e s p o n S ~  time o v e r  t h e  s = r i e s  o f  s i x  b u t t o n  p r s s s e s  

d e c r e a s e d  f o r  a 1 1  s u b j e c t s  o v e r  t r i a l s  ( F = 2 8 . 4 2 ,  d f  =8/8O, . 
p < . 0 0 1 )  r 2 a c h i z l g  s s y m p t o t e  a t  a b o u t  t h e  2 0 t h  . t r i a l  o r  f o u r t h  

a v e r a g ? .  ( s e e  F i g u r e  8 ) .  F i g u r e  9 s h o w s  t h 3  r ~ s p o n s ?  t i m ~ s  

b e t w e e n  t h e  f i r s t  a n d ' 7 e c o n d  - b u t t o n  p r o s s s s  3 v e r  t h e  4 5  t r i a l s ;  

t h 2 y  f o l l q w  t h e  s s m ~  p a t t e r n  a s  t h t  t o t a l  r e s p o n s e  times. 

Yo s i g n i f i c a n t  t r i a l  m a i n  e f f s c t s  werz  f o u n d  w i t h  t h ?  

m u l t i v a r i a t e  a n a l y s e s  of c o v a r i a n c e ;  Fz ( F = 1 , 0 6 ,  d f = 3 2 / 2 a l ,  

p > . 0 5 ) ,  Cz (F=1.26 d f = 3 2 / 2 8 1 ,  p > .  05 )  , C3" ( 1  6 0 ,  d f = 3 2 / 2 8 1 ,  
2 

p>.O5) a 2 d  C411 ( F = 1 . 2 5 ,  d f = 3 2 / 2 8 l ,  p>.05). T h i s  s h o u s  t h a t  

w h e n  t h ?  EEG d a t a  from , t h e  t r i a l s  were a d j u s t s d  f o r  r e s p o n s s  

times t h s  t r i a l  effect d r o p s  o u t .  T h i s  d e m o n s t r a t e s  a 

c o n s i s t s n t  r e l a t i o n y i p  b e t w e e n  t h e  c h l n g . 3 ~  i n  xhe BP a n d  t h e  

iaprovem;nt  i n  t h ~  r e s p o n s e  times o v e r  t r i a l s ,  - - - - 

- T h e  p l o t s  p r o d u c e d  by t h ~  'Aspax*  p r o g r a m .  o f f e r  c l e a r  

v i q r l a l  r s p r e s + n t 3 t i o n  of t h e  t r e y d s  i r  t h a  single t r i a l  d a t a  

(323 A p p l n d i c e s  A a n d  B ) .  



F I G U R E  8 

Response t ime over the series o f  s i x  

button presses 



F I G U R E  9 

Response time between first and second 

- - 

button presses 



T h ?  r s s u l t s  o f f a r  s t r o n q  s u p p ~ r t  f o r  t h s  h y p o t h s s i s  t h a t  

t h e  i z t ~ d  L - 2 r t i c a l  c l i s t r i b u t i 3 n  3 f  t h ?  a P  c h a n g e  w i t h  t h e  ' 

a c q u i s i t i ~ n  3f a skillei m o t 3 r  task. T h s  rn3gni . tud2  o f  t h s  B P  

at- a l l  e l e c t r 3 d ~  l o c a t i d c s  i c c r 2 a s e d  s t - . 3 4 i l y  o v e r  t h s  t r i a l s  

L n  u h i c h  th.; r ~ s ~ 3 c s 3  tLmz was d e c r l a s i n g ;  ' i . ~ . ,  d u r i n g  t h l  

acquisitian 2f th3 r s s p o n s s .  T h e  t w 3  c - - s s 2 n t i a l  r e q u i r s m e r , t s  of 

t h s  s t u d y  w?rz f 3 u c ?  f z r  a l l  s u b j z c t s .  F i r s t ,  a c l a a r  l s a r n i n g  

~ffsct a • ’  t h ~  mator  s k i l l  a n d  s z c o n d ,  n o  s i g n i f i c a n t  

d F f  fe r  s n c e s  b e t  W Z ~ R  th? two s h n i l a r d  c 3 n d l t i z 1 n s ,  i n d i c a t i n g  

t h 3 t  s y s t - . m a t I c  c hang;.s i n  t h e  Bi? w a r e  n o t  a f u n z t i o n  o f  t h o  

3 u r 3 t i o n  af t h e  - x p ~ r i m ~ n t a l  s e s s i o n .  

* - 

As s u b j ~ c t s  2 z g u i r 3  a s k i l l e d  r e s p ~ n s e  their r e s p D n s e  

3ccurlcy s h 3 u l I  i m p r o v s .  An i n c r e a s e  in a c c u r a c y  a n d  

~ r a p a r a t i m  t 3  r F s p 9 n d  h a s  a l r e a d y  b s e n  r e l l t e d  t~ i n c r e a s e d  

s i z e  3f t h 3  SP (PIcBdam Cr R u b i n ,  1971; F o r d  e t  a l . ,  1973; 

L z ~ v ' l ? s s  5 S 3 n E a r d ,  1 9 7 4 ;  P a p 3 k a s t ~ p o u l o s : ,  1976 )  , I n  a l l  

p r s v i 3 u s  r s s c l r s h ,  h o w e v ? r ,  t h e  measures o f  c e r t a i n t y ,  

p r 2 p a r 3 t i o n  a n d  a z c u r a c y  h a v ~  b e e n  d i c h o t o m i z e d .  T h z  s u b j e c t ' s  

r 2 s p o n s e s  u r r e  nat l 9 a r n r d  b u t  stllcted a n d  then p e r f o r m e d  
- 

- - -- - -- - - -- 

2 l t h ? r  c3rreztly o r  i n c o r r z c t l y .  z i t h  t h e  L e a r n i n g  o f  a motor 

s k i l l  
- -  

would 



e x ~ 2 c t s d  t o  p a r a l l e l  q r a d u a l  i a p r o v i m s n t  i n  p 2 r f o r m a n c e  

a z c u r 3 c y .  S u b j e c t s  i n  ths p r a s e a t  s t u d y  v e r a  f u l l y  a w 3 r s  cf  
I 

the i n c r ; ~ s c  i n  t h l  p r e c i s i o n  o f  t h e i r  p s r f o r m a n c e  aver t h e  

= . x p t r i m s n t 3 l  s s s s i a ~ .  ~ h u ' s ,  t h o  s y s t a m d t i c  i n c r e a s s s  i n  ' t h e  BP 

a r e a  cDncurrer,t w i t h  t h a  s t e a d y  i m p r ~ v t s s n t  i n  r a s p D n s z  

p s r f o r m a n c s ,  a d d s  f u r t k 2 r  c r 2 d i b i l i t y  t o  t h e  t h e o r y  t h a t  t h s  BP 
- 

r + f l ? z t s  p r e p 3 r d t i o n  a n d  c ? r t a i n t y  3f t h e  s u b j e c t  t 3  r e s p o n d ,  

T h ?  r l s u l t s  d =  n o t  s u p p o r t  t h e  a l t e r n a t e  c o n t e n t i o n  t h a t  t h e  3 P  

i s  m2rcly a p h y s i o l o g i c a l  c o r r 3 l a t e  o f  m o v e m e n t .  D u r i n g  
f 

3 c q u i s i t i o n ,  t h e  1 r 2 s p o n s l  p a r 3 m e t s r  known t o  c h a n g e  

s y s t ~ r a 3 t L c 3 l l y  u3s t h ~  s p e e d  w i t h  w h i c h  t h e  s s r i a l  t a s k  was 

p ~ r f o r r n z d .  H a z ~ m 2 n  a t  a:. (1976)  f 3 u n d  r o  v a r i a t i ~ n  i n  t h e  BP 

w i t h  s p e s 3  of r + s p o n s e ,  a n d  a l t h o u g h  3eck?r ~t a l .  41976)  d i d  

f i 'n -4  s u c h  a c h s n g 2 ,  t h ?  B P  w2s s m a l l e r -  w i t h  r e s p o n s e s  p e r f o r m e d  

q u i c k l y  t h a n  w i t h  s19w r e s p o n s + - s l  

It was " x p " z t e 3  t h 3 t  t h ~  a r a s  2f t h t ?  BP two s, & > p r i o r  t o  

t h c  r 9 s p a n s e  u a u l d  be l a r g e r  p r z c s e d i n g  t n ?  s k i l l e d  r e s p o n s e  

t h a n  b 9 f o r e  t h s  s i n g l a  b u t t o n  p r s s s .  T h e  d s a a n d s  p l a c e d  u p o n  
, r 

t h 3  s u b j e c t  i n  t ~ r m s  o f  p r e p a r a t i o n ,  p r e s z l s c t i o n  a n d  a t t e n t i o n  

d u r i n g  a s k i l l s 3  t a s k  f a r  o u t w 5 i g h  those n e c a s s a r y  f o r  a s i m p l e  

m ~ v 2 m s n t .  A l so ,  gr"at3r a m o u n t s  af i n f o r m a t i o n  m u s t  be  
- -- - --- -- 

- 

a o n i t ~ r e d  s f t s r  p 2 r f o n a n c e  of a s k i l l e d  t a s k  c o m p a r e d  t o  a n  
- - - 

u n s k i l l a d  t a sk ;  a n  i n c r 2 a s o  i n  p o s t - r e s p o n s z  f e e d b a c k  h a s  b e e n  



s h o w n  to ;gCr 3 2 s s  BP a m p l i t u d t  a n d  d u r d t i o n  .(Dinch;.va G 

ti 
H a r - l i n g ,  1975)  . ? h e r ?  was no  sigoif i c a n t  d i f  f z r e n c e ,  ~ D W O V S T ,  

,' 
b+ tween t h e  s t a n d a r d  c o n d i t i o n s  3nd  t h e  skiil2.3 t a s k  c o n d i t i o n  

f ~ r  this r n 2 3 s u r 2 .  , 

* - 
f h e  e x p 1 3 n 3 t L ~ ~  f ~ o r  t h i s  r d ~ ~ l t  may rsst  i n  k h e  l a r g e -  

v 3 r i a t i o r . s  i n  t n ?  s i z ?  o f  t h l  BP w i t h i n  t h e  s k i l l e d  t a s k  

c 3 n d i t i o n .  F 3 r  t h t  f i r s t  o n e  o r  two t r i a l  b l o z k s  of t h o  

s k i l l s 4  t l s k  t h ?  BP w a s  smaller a t  a i l  s l e c t r o d t  p l a c 2 m e n t s  

t h a n  i t  was d b r i n g  t h ?  s t a n d a r d  c o n d i t i o s .  O n  s u b s z q u s n t  

t r i a l s  i t  v 2 s  13rqsr t h a n  t h e  s t a n d 3 r d  c ~ n d i t i o n s  e x c 2 p t  f o r  

3 3 %  3 t u ~  tri31 b l a c k s  a f t % r  l a a r n i n g  ( ses  T3bl3 I V ) .  

Acc~rding t o  t h 3  h y p o t h ~ s i s  p r e s ? n t e d  i n  t h i s  s t u d y  t h e s a  
- 

results w q u l d  i m p l y  l z s s  a c c u r a c y  a n d  p r ~ p a r a t i o n  f 3 r  t h e  
- 

p 3 r f o r m s n c ~  o f  t h z  r t s p o n s e  l u r i n g  t h e  i n i t i 3 l  5 o r  1 0  t r i a l s  

;f th5 s k i l l e d  t a s k  t h a n  f o r  t h z  s t a n d a r d  r e s p o n s e .  When t h e  

skLlled r e s p o n s e  is a c - q u i r a d  a n d f l n c e r t a i n t y  decreased the 

c ~ r z e ~ p 3 n d i n g  BP is l a r g e r  t h a n  i n  t h o  s t a n d a r d  c o n d i t i o n s .  

The d s c l i n e  on soms t r i a l s  a f t a r  l j - a r n i n g  m u l d  be a t t r i b u t e d  

t3 d 3 c r e a s s s  3 l a p s s s  i n  t h z  s u b j a c t s '  a t t e n t i o n .  K l e i n  

( 1 9 7 6 )  3 n d  Psw ( 1 9 7 4 )  f o u n d  a t t e n t i ~ n a l  d e m 3 n d s  o f  a s e r i a l  

t l s k  t3 diminish l f t 5 r  t h 2  task s@quance h a d  &+n  l e a r n e d .  -p - 



3 p  a r e a  m n a s u r p s  2 sec p r i 3 r  t o  t h a  r i 3 sp3ns '  
f o r  s t a n d 3 r d  c o n d i t i d n s  a n d  s k i l l a d  t a s k  t r i a l  blocks 

s t a n d a r d  I - 6 . 4 3  -12.10 - 11.62 - 8 . 0 5 -  

S k i l l  T a s k  1 -1 .83  -8.17 -9.32 -4.53 

S k i l l .  Task 3 -8 .16 -18.98 - 17.40 - 1 2 . 1 7  

S k F L l  T s s k  4 - 10 .86  -20.85 

Skill Tssk 5 -8 .42  -12.53 

Skill T3sk 6 - 6.50 -17.51 

s k i l l  Tlsk 7 -6.011 -17.29 

Skill Tssk 9 -5 .68  -11.29 

S k i l l  T3sk 9 - 9 . 5 7  -19.82 -14.39 -11.98 



c 3 c i ? i t i o : !  3 p p e 2 r ~ 3 ,  f r o m  v i s u a l  i n s p ? c t i o n ,  t c ~  b e  c 3 n c z J w i t a n t s  

~f i n c r c 3 s n d  n 2 q a t i v i t y  o • ’  t h e  s l o p a  oL t h e  BP p r e c e e d l b  

s k i l l e d  m 3 v 2 m s s t .  I n  t h o  s t a n d a r d  c ~ n d i t i o n s  t h e !  s l o p s  o f  t h e '  
.b 

RPs u a s  u s u a l l y  linear, i n  a c c o r d a n c z  w i t h  p r e v i o u s  s t u d i e s  

w h i c h  5 m p l o y i d ,  s i a p l *  movsrn32ts .  I n  t h e  s k i l l % d  t a - s k  c o n d i t i o n  

ths s l o p s  was q u a 3 r a t i c  o r  c u b i c ,  U n f o r t u n a t s l y  a mntbod for 

7 b j 5 c t i v e l y  m ~ 3 s u r l n g  n o z - l i n e a r  s l 3 p s s  d a s  n o t  a v a i l a b l e .  . 

Fr3m t h i s  s t u d y  it is i m p o s s ~ ~ l e  t o  d ~ t s r m i n e  w h e t h s r  t h z  

a D p 3 r o n t  d i f f e r e n c ~  i n  s l a p ?  b e t u s ? n  thz c o n d i t i o n s  i s  a 

f u n c t i ~ n  of t h 5  l o a r n i r i g  r e q u i r e d  f o r  t h z  s k r l l 2 d  t a s k  o r  of  

t h e  d u r 3 t i o n  3f  t h e  s k i l l s d  t a s k .  

A 

\It was  ~ x p ~ c t s 3  t h a t  t h 2  r o l a  2 f  t h ?  f r o n t a l  a r ea s  i n  
:-* 

3 r g a n i z i n q  m o t o r  o u t p u t  a n d  i n  m o n i t o r i n g  o u t p u t  ~ n d  f e e d b a c k  
- -- - -  - 

w o u l d  h e  r 9 f l s c t e I  i n  q u a l i t a t i v e l y  d i f f e r z n t  c h a n g e s  i n  the 
t 

f r o n t a l  BPS t h 3 n  t h o s ; .  i n  t h ~  BPS f r o m  over  t h e  a o t o r  c o r t e x .  

f h s  ? l e c t r o d ?  b y  t r i a l  i n t t r a c t i ~ n  is a t t r i b u t a b l e  t o  

d i f  f 3 r l n c s s  o c l y  a• ’  t e r  t h l  r s s p o n s ?  h a d  r e a c h e d  a s y m p t o t i c  

levsls. T h e  f r o n t s 1  BP i n c r s a s e d  a t  t h ?  same r a t e  a s  ' t h e  

v a r t e x  a n d  l a t - z r a l  BPS d u r i n g  a c q u i s i t i o n .  After  r e s p o n s e  

a c q u i s i t i o n ,  t h e  f r o n t a l  BP,  i n  c o n t r a s t  t o  t h o s e  from C3" a n d  

Cz, d s c r o a s ~ d  st~3dily. Ui t h  p r a c $ j c p  th? p e r f o r m a n c e  o f  a 

r S s p D n s a  t e n d s  t3 b 3 c o m e  a u t o m a t i z e d  lessening both a t t s n t i o n a l  
- 



- - - - - 

3 t r o a n 3 s  a n d  t h i  2 ' ~ o u n t  of f a a d b a c k  r 5 q u i s i t 2  f o r  m a i n t e n a n c e  o f  

t h e  r e s p o n s e  ( K l + i c ,  -1976;  K 2 ~ i e  E Summer, 1376) .  P r D b a b l y  

t h ~  s u b j s z t i s  i n v o l v z m ? n t  i n  th- .  t a sk  a l s o  d z c r n a s a d  after t h e  

g o a l  3 f  f a s t ,  a c c u r a t 5  r e s p o n s e s  h a d  b a e n  a c h i e v e d ,  w h i c h  w o u l d  

p r 3 J i c t  a r e d u c t i o n  i n  f r o n t a l  BPS ( B c c a l l u m ,  1 9 7 6 ) .  

t ' 

Ph.2 m ~ s t  p e r p l s x i c g  anoaaly=of this s t u d y  h o w e v e r ,  w a s  Urs-  

f ~ ~ i l u r z  t 3  i e t e c t  c h a n g ~ s  d u r i n g  l s a r n i n g  i n  t h e  f r a n t a l  BP 

t h a t  c o u l d  b e  d i f f e r e n t i a t e d  from c h a n g z s  o c c u r r i n g  i n  t h e  3Ps 

D v e r  t h 2  m ~ t o r  sl(rip. T h e  i m p o r t a n c e  o f  t h e  f r o n t a l  a r e a s  i n  

t h ?  ~ r q a n i z a t i o n  of movement p r i ~ r  t:, i t s z l n i t i a t i a n  nas  b e e n  

w z l l  d o c u m s u t e d  ( r e u b + r ,  1 9 6 4 ;  K e l s o  G S t ? l m a c h ,  1 9 7 6 )  a n d  s o m e  

a e a s u r ?  g f  t h i s  W ~ S  f x p e c t s d  a t  Fz, P o s s i b l y  i n s u f f i c i a n t  

s s n s i t i v i t y  cf t h ?  m d c r o ? l e c t r ~ d s  v a s  t o  blame, o r  t o o  

p o s t e r i 3 r  a p l a c e m e n t .  A l t e r n a t i v e l y ,  t h j  o r g a n i z a t i o n  o f  
- -  - -  - - - -  

m v s r n 2 n t  i n  terms o f  p r e s e l e c t i p n  a n d  f e a i f o r w a r d  m a y . n o t  b e  

t F m a l o c k e d  t o  t h ~  r 3 s p o n s e  a s  o t h e r  p r o c e s s s s  a r s ,  p e r h a p s  

- o c u r r i n g  b e f o r 2  t h e  rs s p o n  sl ; m3y b e  i n t r i n s i c a l l y  

m o r s  v a r i a b l e  i n  its o c c u r r z n c s  a n d  d u r a t i o n .  I f  e i t h e r  of 

t h a s e  was ths case, t h e  m e t h o d o l s g y  u s e d  f ~ r  m e a s u r i n g  t h e  BP 

u 3 u l d  b s  i n a p p r o p r i s t 2  f o r  d e t e c t i n g  s u c h  c h a n g e s  i n  f r o n t a l  

a c t i v i t y  r e l a t e d  t o  l s a r n i n g  a  skill. H o u e v ? r ,  a s  t h e  skill 

a n t i c i p 2 t a r y  a c t i v i t y  i n  t h e  f r o n t a l  a r e a s  may a l s o  b e c o m e  more 
-- - -- - - 

c ~ ~ s i s t ? n t ,  t i m ~ l o c k e d  t o  tns r~ d p o n s a  a n d  m a a s u r a b l e .  



T h 3  r 3 1 a t i v c  size of t h 2  BPS  i n  r e l a t i o n  t a  t h e i r  c a r t i c a l  

3 i s t r i b u t i o n  was c o E g r u ? n t  with 2 x p z c t a t F o n s  a n d  w i t h  m o s t  
1 

o t h n r  r ~ s ~ h r c h  i: th? f i e l d ,  T h z  B P  was l a r g e s t  a t  Cz, l a r g s r  

o v e r  t h ?  z o t o r  c o r t e x  t h a n  f r o n t a l  a reas  dn.d t e n d e d  t o  b e  

l a r g e r  c o n t r a l a t z m  1 t o  t h e  r a s p o n d i n g  m u s c u l a t u r s .  The 

s u g q 2 s t s  t h a t  t h s  1135s a t t 2 n t i o n  3 m o v e m s n t  r ? q u i r $ s  t h t ?  m o r e  

s p l c l f i c  t3 t h e  m D t o r  p r o j e c t i o n  a r 2 a  th? LIP b e c o m e s .  T h i s  

o f f 2 r s  ac ? x p l a c z t l ~ n  o f  t h e  m a i n t a n a n c e  of l a r g e  S P s  class t o  

'ha motor p r c j e e t i . 3 3  area ~ v e n  after a c q u i s i t i o n  when BPS 

r z c 3 r d  23 from m o r e  r t m o t a  l o c a t i o n s  d e c r s a s a d .  I n  c o n c u r r e n c e  

w i t h  t h i s ,  HcAd3m E p , u S i n  ( 1 9 7 1 )  suggested t h a t  t h l i r  f i n d i n g  

o f  n o n - l a t s r a l i z e d  BPS was a f u n c t i o n  s f  t h e  e x a c t i n g  

a t t 2 n t i 3 n a l  d 3 m a n d s  p l a c e d  u p o n  t h e i r  s u b j e c t s .  T h e  ascrease 

- a t  2 4 "  d u r i n g  th-2 a c t u a l  pa r f o r i a n c a  o f  t h 3  task, i n d e p s n d 3 n  t 

o f  l e a r n i n g ,  c o u l d  r e f l d c t  lzss p r o c e s s i n g  a f  m o t o r  c o m m a n d s  

a n d  s q n s n r y  f e 5 3 b s c k ' '  t h a n  a t  L " j f l .  E v e n  l u r Y n g  this p e r i o d ,  

hDwav?r ,  t h z  p o t s n t i a l  was l a r g e s t  a t  C z  s u g g e s . t i n g  c o n t i n u e d  

g e n 2 r 3 l  p r 2 p a r 3 t i o n  and  n o t  s o l s l y  t h e  r e l a y i n g  of motor 

cornmanis .  I n  3ni ;  s u b j e c t  a ser ies  o f  small  w a v e s  r s m i n i s c e n t  

3f BPS occur red  i n  t h i s  i n t e r v a l ;  o n ?  p r a c o e d i n g  e a c h  

s u c c e s s i v 2  b u t t o n  p r + s s  ( s e s  F i g u r s  1 0 ) .  T h i s  s u b j e c t  i 



FIGURE 10 BP and the series of SIX  button presses averaged 

over t r ia ls 16-30 of the ski l led task. subject C H  

butfon presses 

- 



- ,& 

C3ntinued n 9 q a t i v i t y  d f t e r  th2 i n i t i a t i g n  of t h e  response  

is n c  gsner3lly r ~ p ~ s t e d  i n  t h z  l i t e r a t u r e ,  a s  a l a r g e  

7 
p i s i r i v a  u a v o  ( P 2 )  usually follows the r e s p o n s e  within 200-300  

msec. (3112 = x c z p t i o f i  t o  t h i s  i s  t h a  s t u d y  b y  T i a s i t - B e r t h i ' r  

(1973)  3 f  t h e  r ~ l ~ t i o n s h i p  b n t w e s n  p a s t - r e s p ~ n s e  n e g a t i v i t y  a n d  

r l s p D n s 2 .  I n  a t h s r  BP r e s e a r c h  P 2  f o l l o w s  ths i n i t i a t i o n  of - 
- - 

t h s  r s s p o n s s ,  h u t  t 6 S  r T s j G 3 F 5 e ~ b a v ~  bzsX S-iiple; s h o r t  

m o v s a l ? , t s ,  s u c h  t h s t  t h e  P2  31-50 follows t h e  t e r m i n a t i o n  of t h e  

r ~ s p ~ n s z .  As f h ~  subjects a c q u i r e d  the. s k i l l e d  t a s k  a n d  t h e  

r 2 3 p = n s e  d u r a t i 9 n  s h  i rtened t h i s  p o s t - B P  n s g a t i v i t y  t e n d e d  t o  

I ? c r e a s a ,  a l t h o u % t h e  z f f a c t  was n o t  s i g n i f i c a n t .  

- 0 

Ths r z s p o n s e  p e r f o r m a n c e  i m p r o v 2 d  a n d ' t h e  BP a r ea  m e a s u r e s  

i n c r ~ a s e d  3 v e r  t h s  f i r s t  twsnty t r i a l s .  . After  t h e  r e s p o n i  

r e a c h l d  a s y m p t o t ~  t h e  BP d e c r e a s e d  a t ,  F z  a n d  C 4 # *  w h i l e  

~ e a 2 i 3 i c g  r e l 3 t i v l y  l a r g e  o v e r  t h e  m o t ~ r  p r o j z c t i o n  a r e a .  

T h e s s  s y s t e m a t i c  chsnges Over t h e  4 5  t r i d l s  3f t h e  s k i l l e d  t a s k  

y i s l d 9 d  a s i g n i f i c a n t  trial m a i n  e f f ec t  f o r  t h e  BP a rea  

S E ~ S U ~ ~ S .  ~ h 2  t n n l t i v a r i a t e  a n a l y s 2 s  of c o v a r i a n c e  d e n r o c s t r a t e d  

t h 3 t  whsn ths v 2 r i a n c e  c o n t r i b u t e d  bv t h e  response times t o  t h e  

3 P  333s~rss was t 2 k z n  o u t  of t h e  a r e a  ~ I ~ ~ S U K ~ S ,  t h e  s i g n i f i c a n t  
- -  - 



t r i a l  inain  e f f ~ c t  was n o  l o n g s r  f o u n d .  T h l s  s u g g a s t s  a  s o u n d  a 

r e l l t i o n s h i p  b ? t u e e n  t h a  a c q u i s i t i o n  of t h z  s k i l l o d  t a s k  apd 

t h e  o b s ~ f V d d  c h a n g e s  ir. t h e  BP. ~ l t h o u ~ h  t h a  d a t a  s u g g ~ s t  a 
' i  

c a u s a l  ' r s l a t i o n s h  p ,  u b a t h a r  c G n g a s  i n  t h  BP a r e  n e c a s s a r y  4 
f o r  c h a n g ~ s  i n  - r f o r m a n c o  c a n n ~ t  %.be d a t i r o i n e d  f r o m  t h i s  af t - 
s t u d y ,  T h e  BP may : b s  b n e  of  many ~ l e c t r o p h y s i o l o q i c a l  s i g n s  

- - - - P - - - - - i 

t h a t  c ~ r r e l a t 5 s  w i t 4  i m p r o v e d  p s r • ’ 3 r m f i c e  i n  a m o t o r  s k i l l ;  

t h i s  d o a s  n ~ t  c l a i m  t h a t  i t  i s  a n  e s s 2 n t i a l  c o m p o n e n t  of motor 
0 

"Plat- 

s k i l l  a c q u i s i t i o n .  
- 

I n  t h i s  s t u d y ,  h o w s v a r ,  t h e -  BP r e f l e c t s  t h e  l e v e l  o f  m o t o r  

s k i l l  l ? a r r L i n g ,  a n d  a f t e r  l e a r n i n g ,  p o s s i b l e  c h a n g e s  i n  

a t t e n t i 3 n .  P o t 2 n t i a l l y ,  it c o u l d  b e  u s z d  t o  d i s t i n g u i s h  

b + t v e z n  m v e m s n t s  t h a t  r e q u i r e  c e n t r a l  a t t a  n t i o n a l  m e c h a n i s m s  

f 3 r  i n i t i a t i o n  a n 3  performance a n d  tA0.s~ t h a k  d o - a o L  Z L  

c l e a r l y b o u l d  02 eas ier  t o  employ  a  m e a s u r e  s u c h  a s  r e s p o n s e  

tims i f  ocs  ups o n l y  i n t s r e s t e d  i n  w h e t h e r  a s u b j e c t  l e a r n e d  a 
. 

notor s k i l l .  B u t ,  if o n a  is  i n t e r e s t s 3  i n  t h e  m e c h a n i s m s  -. 
i n v ~ l v e d  i n  t h e  a c q u i s i t i o n  o f ,  s k i l l s  a n d  i n  m o t o r  s k i l l  . 

per formance  a f t - r  a c q u i s i t i o n ,  t h a  BP c o u l d  a d d  a v a l u a b l e  

d i m e n s i o n  t o  t h a  r e s e a r c h .  
+ 



r h a  f ~ l l 3 v i n g  Aspex d i s p l a y s  uere p l o t t e d  u s i n g  

the p a r a m e t e r s  l i s t e d  be- l~w:  - -- 

b 

A l t i  t u d 2 = 2 0  d e g r e e s  s b o v e  h o r i z o n t a l  

Azimuth-=350 d e g r e e s ,  c l o c k w i s e  f r o m  c e n t e r  f r o n t  

, I n t e r v a l = 2 ,  only evorp o t h e r  d i a g o n a l  i s  d r a w n  

A z r o s s  t r i a l  s m o ~ t h i n g = S  Hz, a low p a s s  f i l t s r  of 5 Hz * 

W i t h i n  t r i a l  s m o o t h i n g = 1 5  Hz, a low p a s s  f i l t e r  o f  1 5  Hz 

A s , B s p e x  p r o g r a m  t h e  plots p o s i t i v e  v a l a a s  a b o v e  b a s e l i n e ,  
- - - - - - - - - -- - - - - - 

t h s  EEG d a t a  were i n v e r t e d ,  s u c h  t h a t  n e g a t i v e  v a l u e s  b e c a m e  

p ~ s F t i v e  a n d  p o s i t i v e  v a l u e s  n e g a t i v e .  I n  Appendix  A t h e  

p l r a m z t o r  ~ ~ i n i m u m = ~ ~  was e m p l o y e d  such t h a t  a l l  d a t a  points - 
b e l ~ v  b a s s l i n ?  (i. e . ,  t h o s a  t h a t  ware  o r i g i n 3 l l y  p o s i t i v e )  u e r e  

n o t  p l ~ t t e 3 .  This " i m p r o v e s  p t h e  c l a r i t y  of t h e  p l o t  i n  terms of 

, t h e  BP and t h e  s y s t e m a t i c  c h s n g e s  i n  t h e -  waveforlrt o v e r  t r i a l s .  . 



T h e  EEG 

program w i t h  

A l t  itude=20 

A z i m u t h = 3 5 0  

... - A p p e n d i x  A* 

d a t a  f r o m  four s u b j e c t s  p l o t t e d  u s i n g  t h e  Aspex 

t h e  f o l l o w i n g  parametors i n  effect: 







within t r i a l  



w i ' t h i n  t r i a l  R 

, w i t h i n  t r i a l  R 



S u b j e c t  WK 

w i t h i n  t r i a l  R 



w i t h i n  t r i a l  R 



Subject BP 

w i t h i n  t r i a l  R 



w i t h i n  trial R 

- 
w i t h i n  trial 



Th5 E E G  d a t a  from f o u r  s u b j e c t s  p l o t t e d  u s i n g  - the A s p e x  

proqram wi th  t h e  f o l l o w i n g  para ius ts rs*  in 2Ef J C ~ :  .p -i 

A 1  ti tude =20 



T '  

; ,' 
-..-. P 45 

- - -  

w i t h i n  trial 8 



s u b j e c t  ~n - 

within trial R 



S u b j e c t  
.% 

I - 

. A  v4  5 
within t r i a l  R 

t r i a l  d 



Subject B Y  



S u b j e c t  A K  
. 

- -  - - -  - - - --A -- 
- - -  

w i t h i n  trial R 

-- -. --- - --------- - - 
w i t h i n  t r i a l  A 4 5  

R 
r' 
I 



A 
within trial R 



S u b j e c t  BP 



--- 
h ------------- 

w i t h i n  trial, R 
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