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A b str a c t

A MODEL FOR SPATIAL DISORDERS IN PARKINSON'S DISEASE

by

Yaakov S te r n  

A d v is e r :  P r o f e s s o r  J e f f r e y  J .  R o sen , P h .D .

P a r k in s o n 's  d i s e a s e  (PD) i s  a  p r o g r e s s iv e  d i s o r d e r  o f  movement 

a s s o c i a t e d  w ith  d e g e n e r a t io n  i n  th e  b a s a l  g a n g l i a  and s u b s t a n t i a  n i g r a .  

In  a d d i t i o n  to  m o to r d e f i c i t s  su ch  a s  t r e m o r ,  r i g i d i t y ,  b r a d y k in e s ia ,  

and  p o s t u r a l  i n s t a b i l i t y ,  p a r k in s o n ia n  p a t i e n t s  a l s o  have d e f i c i t s  o f  

s e q u e n t i a l  and p r e d i c t i v e  movement t h a t  a p p e a r  t o  r e p r e s e n t  a d i s o r d e r  

i n  th e  h ig h e r - o r d e r  c o n t r o l  o f  m ovem ent. P e r c e p tu a l  m otor d e f i c i t s  on 

c o g n i t i v e  t a s k s  su c h  a s  c o n s t r u c t i o n  a r e  conm only o b s e r v e d .  I n  t h i s  

s t u d y ,  p a t i e n t s  w ith  PD and c o n t r o l s  co m p le te d  a  t r a c i n g  t a s k  i n  w hich 

th e y  t r a c e d  p a t t e r n s  o f  i n c r e a s i n g  c o m p le x ity  p r e s e n te d  on a  v e r t i c a l  

s c r e e n .  Some p a t t e r n s  w ere p r e s e n te d  w ith  seg m en ts  d e l e t e d  and s u b j e c t s  

w ere  r e q u i r e d  t o  f i l l  i n  m is s in g  s e g m e n ts . T ra c in g  m ovem ents w ere  

q u a n t i f i e d  u s in g  d i g i t i z i n g  e q u ip m e n t. S u b je c t s  a l s o  co m p le ted  a  b r i e f  

t e s t  o f  g e n e r a l  i n t e l l e c t u a l  f u n c t i o n ,  a  c o n s t r u c t i o n  t e s t  and an  

a s s e s s m e n t f o r  d e p r e s s io n ,  and  s e v e r i t y  o f  p a t i e n t s '  s i g n s  and sym ptoms 

o f  PD was r a t e d .  P a t i e n t s  p e r fo rm e d  m ore p o o r ly  th a n  c o n t r o l s  o n  

c o m p le te  p a t t e r n s ,  and  t h e i r  e r r o r s  in c r e a s e d  m ore s h a r p ly  th a n  c o n t r o l s  

on p a t t e r n s  w ith  m is s in g  s e g m e n ts . P a t i e n t s '  b u t  n o t  c o n t r o l s '  

p e r fo rm a n c e  on p a t t e r n s  w ith  m is s in g  seg m en ts  was r e l a t e d  t o  p e rfo rm a n c e  

on th e  c o n s t r u c t i o n  t a s k s .  T h ese  f i n d in g s  s u g g e s t  t h a t  t h e r e  i s  a



p e r c e p tu a l  m otor d e f i c i t  i n  PD t h a t  a f f e c t s  p e rfo rm a n c e  i n  b o th  th e  

t r a c i n g  and c o n s t r u c t i o n  t a s k s .  T h is  d e f i c i t  may r e p r e s e n t  th e  

d e f e c t i v e  p a r t i c i p a t i o n  a t  th e  b a s a l  g a n g l i a  in  an e f f e r e n c e  copy sy s tem  

w hich  c o r r e l a t e s  m otor and s e n s o r y  in fo rm a t io n  in  o rd e r  t o  g e n e r a te  an 

a c c u r a te  s p a t i a l  r e p r e s e n t a t i o n  o f  th e  e n v iro n m e n t.

v
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C o g n i t iv e  d e f i c i t s  i n  P a r k in s o n 's  d i s e a s e  (PD) a r e  m o st o f t e n  

e n c o u n te re d  on p e r c e p tu a l  m otor o r v i s u o s p a t i a l  t a s k s  ( e .g .  B o te z  t 

B ar b eau , 1 9 7 5 ) . S in c e  many o f  t h e s e  t a s k s  r e q u i r e  d i s c r e t e  v o lu n ta r y  

m otor r e s p o n s e s ,  i t  m ig h t be a rg u e d  t h a t  o b s e rv e d  d e f i c i t s  r e f l e c t  

n o th in g  m ore th a n  th e  movement d i s o r d e r s  endem ic t o  PD. I f  s o ,  t h e s e  

t a s k s  p ro v id e  no a d d i t i o n a l  in fo rm a t io n  c o n c e rn in g  th e  e x i s t e n c e  o f  an 

in d e p e n d e n t c o g n i t i v e  d y s f u n c t io n .  T h is  argum en t c o u ld  be c o u n te r e d  by 

d e l i n e a t i n g  s p e c i f i c  le a r n e d  v o lu n ta r y  movement d i s tu r b a n c e s  i n  PD t h a t  

a r e  n o t r e l a t e d  t o  i t s  m o to r sym ptom s. T h e re  i s  w ide ra n g in g  e v id e n c e  

from  s t u d i e s  i n  a n im a ls  ( e .g .  D iv a c , 1972) and  man ( e .g .  S t e r n ,  M ayeux, 

R osen & I l s o n ,  1983) t h a t  s u g g e s ts  t h a t  th e  b a s a l  g a n g l i a ,  th e  a r e a  m ost 

l i k e l y  t o  be a f f e c t e d  i n  PD, may be in v o lv e d  i n  c o g n i t i v e  p ro o e s s e s  t h a t  

im p ac t upon th e  p r o c e s s in g  o f  s p a t i a l  in f o r m a t io n .  The p r e s e n t  s tu d y  

exam ined  d e f i c i t s  i n  c o n s t r u c t i o n  and a n o th e r  v o lu n ta r y  movement t a s k ,  

t h e i r  i n t e r r e l a t i o n s h i p ,  and t h e i r  r e l a t i o n  t o  th e  c l i n i c a l  m o to r s ig n s  

o f  PD. I t  a t te m p te d  t o  d e l i n e a t e  a s p e c i f i c  p e r c e p tu a l  m otor d e f i c i t  i n  

PD t h a t  i s  s e p a r a t e  from  th e  movement d i s o r d e r  o f  PD.

A f te r  a  b r i e f  re v ie w  o f  PD, c o n s t r u c t i o n a l  a p r a x i a ,  and  th e  

f u n c t i o n a l  n e u ro a n a to m ic a l  c o n n e c t io n s  o f  th e  b a s a l  g a n g l i a ,  e v id e n c e  

s u g g e s t in g  t h a t  th e  b a s a l  g a n g l i a  a r e  in v o lv e d  i n  c o g n i t i v e  p r o c e s s e s  

a f f e c t i n g  p e r c e p tu a l  m o to r f u n c t io n  w i l l  be d i s c u s s e d .  The p i l o t  s tu d y  

w hich  was c a r r i e d  o u t  t o  d e v e lo p  th e  te c h n iq u e s  and a n a ly s e s  u sed  i n  t h i s  

s tu d y  w i l l  th e n  be  d e s c r ib e d .

P a r k i n s o n 's  D is e a s e

PD i s  a n e u r o lo g ic a l  d i s o r d e r  t h a t  was f i r s t  d e s c r ib e d  by Jam es 

P a rk in s o n  i n  1 8 1 7 . The p r im a ry  m o to r symptoms o f  PD c o n s i s t  o f  t r e m o r ,
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r i g i d i t y ,  b r a d y k in e s ia ,  and p o s t u r a l  i n s t a b i l i t y .  T rem or o c c u r s  a t  

r e s t ,  a t  a r a t e  o f  4 -8  c y c le s - p e r - s e c o n d  (F ahn , 1 9 7 7 ). R i g i d i t y ,  o r  

r e s i s t a n c e  t o  p a s s iv e  m ovem ent, i n  t h e  l im b s  o r a x i a l  m u sc le s  o f  t h e  neck  

and t r u n k  o f t e n  h a s  a  c o g w h e e lin g , o r  r a t c h e t - l i k e ,  q u a l i t y .  

B ra d y k in e s ia  i s  m ore d i f f i c u l t  t o  d e f in e ;  i t  c o n s i s t s  o f  d i f f i c u l t y  in  

i n i t i a t i o n  and p a u c i ty  o f  movement —  o r a k i n e s i a ,  and  s lo w n e ss  o f  

m ovem ent. P o s tu r a l  i n s t a b i l i t y  r e s u l t s  in  p ro b lem s o f  b a la n c e  and 

g a i t .

PD can  o c c u r  i n  th e  a f te r m a th  o f  e n c e p h a l i t i s  o r  a s  a  co n se q u en ce  o f  

th e  a d m i n i s t r a t i o n  o f  c e r t a i n  d ru g s  b u t ,  m ore o f t e n ,  i t  h as  no known 

c a u s e  (F ahn , 1 9 7 7 ). The n e u ro p a th o lo g y  o f  i d i o p a t h i c  PD c o n s i s t s  

p r i m a r i l y  o f  n e u ro n a l  l o s s  i n  t h e  s u b s t a n t i a  n ig r a  and lo c u s  c o e r u l e u s ,  

w i th  ch a n g es  i n  th e  b a s a l  g a n g l i a  due t o  l o s s  o f  n i g r a l  n e u ro n s  (F ahn , 

1 9 7 7 ) . The b io c h e m ic a l  b a s i s  f o r  PD a p p e a r s  t o  in v o lv e  c e l l  l o s s  i n  t h e  

s u b s t a n t i a  n i g r a  and th e  c o n c o m ita n t d e p l e t i o n  o f  dopam ine g e n e r a l l y  

s u p p l i e d  t o  th e  b a s a l  g a n g l i a  v i a  n i g r o - s t r i a t a l  p r o j e c t i o n s .  The 

d e p l e t i o n  o f  dopam ine may s e r v e  t o  r e l e a s e  th e  b a s a l  g a n g l i a  from  

i n h i b i t o r y  m o d u la tio n  (F ah n ,. 1 9 7 7 ) . C o n s e q u e n t ly ,  p a r t l y  c h o l i n e r g i c  

n e u r a l  sy s te m s  become m ore d o m in a n t, l e a d in g  t o  abnorm al s t r i a t a l  

a c t i v i t y .  D rug t r e a tm e n t  f o r  PD t h e r e f o r e  com bines re p la c e m e n t o f  

dopam ine v i a  le v o d o p a  w i th  a d m i n i s t r a t i o n  o f  a n t i c h o l i n e r g i c  m e d ic a tio n  

(F ahn , 1977) .

D e p re s s io n  o f t e n  o c c u r s  i n  PD , and e s t i m a t e s  o f  i t s  in c id e n c e  ra n g e  

from  40 to  90% (M jones, 1949 ; M indham, 1 9 7 0 ) ,  w ith  50« b e in g  t h e  m o st 

f r e q u e n t l y  c i t e d  f i g u r e  (Brown & W ils o n , 1972; M ayeux, S t e r n ,  Rosen & 

L e v e n th a l ,  1 9 8 1 a ) . W hether t h i s  d e p r e s s io n  i s  s i t u a t i o n a l  o r  

en d o g e n o u s , o r  i s  c h a r a c t e r i s t i c a l l y  d i f f e r e n t  th a n  d e p r e s s io n  a s
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d e f in e d  i n  th e  D ia g n o s t ic  and S t a t i s t i c a l  M anual (T h ird  E d i t io n )  

(D SM -III, A m erican  P s y c h i a t r i c  A s s o c i a t i o n ,  1980) i s  n o t c l e a r ,  b u t  in  

one s tu d y  th o s e  p a t i e n t s  t h a t  m et DSM -III c r i t e r i a  f o r  m a jo r d e p r e s s io n  

had  n e u ro c h e m ic a l c h a n g es  s i m i l a r  t o  th o s e  se e n  in  d e p re s s e d  p s y c h i a t r i c  

p a t i e n t s  (M ayeux, C o te , S te r n  & W il l ia m s , 1 9 8 3 ). S in c e  t h e  s e v e r i t y  o f  

d e p r e s s io n  c o r r e l a t e s  w ith  i n t e l l e c t u a l  f u n c t io n  i n  p a t i e n t s  w ith  PD 

(Mayeux e t  a l . ,  1 9 8 1 a ) ; i t  i s  im p o r ta n t  t o  a s s e s s  d e p r e s s io n  in  any  s tu d y  

o f  i n t e l l e c t u a l  f u n c t io n  i n  PD.

I n v e s t i g a t o r s  have t y p i c a l l y  d e s c r ib e d  th e  c o g n i t i v e  d y s f u n c t io n  

a s s o c ia te d  w ith  PD a s  a form  o f  d e m e n tia ,  w ith  in c id e n c e  r a t e s  ra n g in g  

from  20-80% (L ieb e rm an , D z ia lo to w s k i , K u p e rsm ith , S e rb y ,  G ood g o ld , 

K e re in  & G o ld s te in ,  1 9 7 9 ) . Some a t t r i b u t e  th e  d e m e n tia  o f  PD to  

c o n c o m ita n t A lz h e im e r 's  d i s e a s e  o c c u r r in g  in d e p e n d e n t o f  and s u p e r ­

im posed upon th e  PD i n  o ld e r  p a t i e n t s  (Hakim & M a th ie so n , 1 9 7 9 ) ,  w h i le  

o t h e r s  s e e  i t  a s  a  d e m e n tia  t h a t ,  w h i le  s i m i l a r  t o  A lz h e im e r 's  d i s e a s e ,  

does n o t s h a r e  i t s  n e u r o p a th o lo g ic a l  c h a n g es  (L ieberm an  e t  a l . ,  1 9 7 9 ) .  

A lz h e im e r '8  d i s e a s e  i s  c h a r a c t e r i z e d  by a  g ra d u a l  p r o g r e s s io n  o f  

a m n e s ia , a p h a s ia  and a p r a x i a ,  w ith  c o g n i t i v e  d e t e r i o r a t i o n .  An 

a l t e r n a t e  view  i s  t h a t  PD r e p r e s e n t s  a  s u b c o r t i c a l  d e m e n tia  s i m i l a r  t o  

t h a t  d e s c r ib e d  in  p r o g r e s s iv e  s u p r a - n u c le a r  p a l s y  and  H u n t in g to n 's  

d i s e a s e  ( A lb e r t ,  1 9 7 8 ). S u b c o r t i c a l  d e m e n tia  i s  p o o r ly  d e f in e d .  I t s  

f e a t u r e s  have been  c h a r a c t e r i z e d  a s  slow ed  b u t n o t d e f e c t i v e  memory and 

c o g n i t io n  o f t e n  accom panied  by p ro m in e n t a f f e c t i v e  sym ptom s, g a i t  

and p o s t u r a l  c h a n g e s , i n v o lu n ta r y  m ovem ents, and d y s a r t h r i a  b u t n o t  

a p h a s ia .

W h ile  th e  g e n e ra l  c h a r a c t e r i z a t i o n  o f  i n t e l l e c t u a l  ch a n g e s  as 

d em en tia  i s  u s e f u l ,  i t  d o es  n o t e s t a b l i s h  t h e  s p e c i f i c  c h a r a c t e r i s t i c s
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o f  th e  i n t e l l e c t u a l  ch an g es  a s s o c ia te d  w ith  a  s p e c i f i c  d i s e a s e .  T h is  i s  

e s p e c i a l l y  im p o r ta n t  i n  PD s in c e  d e f i c i t s  i n  t a s k s  su ch  a s  c o n s t r u c t i o n  

o r t r a c k in g  a r e  o f t e n  s e e n  in  p a t i e n t s  t h a t  w ould n o t  m ee t DSM -III 

c r i t e r i a  f o r  d e m e n tia  (M ayeux, S t e r n ,  Rosen t  B en so n , 1 9 8 1 ). Low ered 

p e rfo rm a n c e  on th e  W e ch s le r  A d u lt  I n t e l l i g e n c e  S c a le  (HAIS) i s  m a in ly  

fo u n d  on p e rfo rm an c e  s u b t e s t s  (L o ra n g e r , G o o d e l, M cD ow ell, Lee & S w e e t, 

1 9 7 2 ) . D e f i c i t s  have b een  n o te d  on (1) c o n s t r u c t i o n  t a s k s  su c h  a s  

d ra w in g , b lo c k  d e s ig n ,  and  p u z z le  a sse m b ly  (Mayeux & S t e r n ,  i n  p r e s s ;  

B o tez  & B a rb e a u , 1975 ; J o u b e r t  & B a rb e a u , 1 9 6 9 ) ;  (2) s p a t i a l  t a s k s  su c h  

a s  th e  v e r t i c a l  o r i e n t a t i o n  and t r a i l - f o l l o w i n g  i n  w hich th e  s u b j e c t  

m ust u se  a  map to  g u id e  h i s  movement a lo n g  an a r r a y  o f  m a rk e rs  on  th e  

f l o o r  (T euber & P r o c t o r ,  1964; Bowen, Hoen t Y a h r, 1 9 7 2 ); and 

(3 ) t r a c k in g  t a s k s  i n  w h ich  th e  s u b j e c t  m ust m atch  h i s  movement t o  t h a t  

o f  a  d i s p l a y  (F lo w e rs ,  1 9 7 8 a , 1 9 7 8 b ).

A c e n t r a l  h y p o th e s i s  i n  t h i s  s tu d y  i s  t h a t  p a t i e n t s '  d e f e c t i v e  

p e r fo rm a n c e  on t a s k s  o n ly  o c c u r s  u n d er s p e c i f i c  c o n d i t i o n s .  The 

e v id e n c e  t o  be p r e s e n te d  th ro u g h o u t  t h i s  i n t r o d u c t i o n  w i l l  s u g g e s t  t h a t  

i f  t h e r e  i s  s u f f i c i e n t  e x t e r n a l  in fo rm a t io n  (o r e x t e r o c e p t i v e  s t i m u l i )  

t o  g u id e  p e r fo rm a n c e , th e n  p a t i e n t s  can  p e r fo rm  th e s e  t a s k s  

s u c c e s s f u l l y .  When t h i s  e x t e r n a l  In fo rm a t io n  i s  n o t p r e s e n t ,  s u c c e s s f u l  

p e rfo rm an c e  d ep en d s  on i n t e r n a l  c o o r d in a t io n  o f  s p a t i a l  in fo rm a t io n  and 

p a t i e n t s '  p e r fo rm a n c e  w i l l  be d e f e c t i v e .  S e v e r a l  ty p e s  o f  e v id e n c e  t o  

s u p p o r t  t h i s  h y p o th e s i s  w i l l  be re v ie w e d  a f t e r  two a d d i t i o n a l  i s s u e s  a r e  

b r i e f l y  d i s c u s s e d .  F i r s t ,  s in c e  p e r c e p tu a l  m o to r d e f i c i t s  i n  PD a r e  

commonly fo u n d  on c o n s t r u c t i o n  t a s k s ,  th e  n a tu r e  o f  c o n s t r u c t i o n a l  

a p r a x ia  w i l l  be d e s c r ib e d .  S e c o n d , s in c e  many o f  t h e  s t u d i e s  t o  be 

d i s c u s s e d  d e a l  w ith  m a n ip u la t io n s  o f  th e  b a s a l  g a n g l i a  and a r e a s  i t  i s
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i n t e r c o n n e c te d  w i th ,  t h e  f u n c t i o n a l  n eu ro an a to m y  o f  th e  b a s a l  g a n g l i a  

w i l l  be b r i e f l y  d e s c r ib e d .  T h is  i s  a l s o  im p o r ta n t  s i n c e ,  w h i le  th e  m ajo r 

lo c u s  a t  n e u ro p a th o lo g y  i n  PD i s  i n  t h e  s u b s t a n t i a  n i g r a ,  e v id e n c e  

s u g g e s ts  t h a t  a sy s te m  o f  i n t e r r e l a t e d  s t r u c t u r e s  in c lu d in g  th e  b a s a l  

g a n g l i a  and p o r t i o n s  o f  t h e  f r o n t a l  lo b e s  i s  d i s r u p t e d .

C o n s t r u c t io n a l  A p ra x ia

B en to n  (1969) d e f in e d  c o n s t r u c t i o n a l  a p r a x ia  a s  a  d i s tu r b a n c e  i n  

a c t i v i t i e s  su ch  a s  a s s e m b lin g ,  b u i l d in g ,  d ra w in g , i n  w h ich  t h e  s p a t i a l  

fo rm  o f  th e  f i n a l  p ro d u c t  i s  i n a c c u r a t e  even  th ough  th e  in d iv id u a l  

m ovem ents made d u r in g  c o n s t r u c t i o n  w ere  n o t d e f e c t i v e .  W h ile  i t  m ig h t be  

e x p e c te d  t h a t  an y  t e s t  t h a t  r e q u i r e s  d i s c r e t e  m otor r e s p o n s e s  w ould be 

a f f e c t e d  by th e  m o to r s ig n s  o f  PD, i t  w ould be  n e c e s s a r y  t o  d e m o n s tra te  

c o n s t r u c t i o n  d e f i c i t s  u n r e la t e d  t o  th o s e  m otor symptoms i n  o rd e r  t o  

p o s i t  a h ig h e r - o r d e r  d i s tu r b a n c e  o f  th e  n a tu r e  t h a t  B en to n  d e f i n e s .

Many ty p e s  o f  t e s t s  have been  u sed  t o  e l i c i t  c o n s t r u c t i o n a l  

a p r a x i a ,  i n c lu d in g  d ra w in g  from  a m odel and s p a t i a l  t a s k s .  W h ile  

c o n s t r u c t i o n  d e f i c i t s  a r e  m ost commonly a s s o c ia te d  w i th  damage t o  th e  

p a r i e t a l  l o b e ,  s p e c i f i c  ty p e s  o f  c o n s t r u c t i o n  d i f f i c u l t i e s  have been  

d e s c r ib e d  i n  p a t i e n t s  w ith  f r o n t a l  lo b e  l e s i o n s .  L u r ia  and T sv e tk o v a  

(1964) s u g g e s te d  t h a t ,  i n  p a r i e t o - o c c i p i t a l  l e s i o n s ,  th e  g e n e r a l  f a c t o r  

u n d e r ly in g  c o n s t r u c t i v e  d i s tu r b a n c e s  i s  a  l o s s  o f  th e  s p a t i a l  

o r g a n iz a t io n  o f  t h e  e le m e n ts ,  w h i le  i n  l e s i o n s  o f  t h e  f r o n t a l  lo b e  t h e  

g e n e r a l  f a c t o r  u n d e r ly in g  c o n s t r u c t i v e  d i s tu r b a n c e s  i s  a  l o s s  o f  

p rogram m ing and r e g u la t i n g  s e q u e n t i a l  b e h a v io r ,  i n s t a b i l i t y  o f  t h e  

p r im a ry  i n t e n t i o n  o r  p ro g ram , and  th e  i n a b i l i t y  t o  com pare r e s u l t s  w i th  

t h e  p r e l im in a r y  i n t e n t i o n .  T h e r e f o r e ,  d i f f e r e n c e s  e x i s t  b e tw een
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c o n s t r u c t i o n  d e f i c i t s  i n  p a t i e n t s  w ith  f r o n t a l  and p a r i e t a l  lo b e  

l e s i o n s .  S in c e  th e  fo l lo w in g  d i s c u s s io n  o f  th e  n e u ro a n a tc m ic  

c o n n e c t io n s  o f  th e  b a s a l  g a n g l i a  w i l l  d e s c r ib e  i n t im a te  c o n n e c t io n s  

be tw een  them  and th e  f r o n t a l  a s s o c i a t i o n  c o r t e x ,  i t  m ig h t be  e x p e c te d  

t h a t  c o n s t r u c t i o n  d e f i c i t s  a s s o c i a t e d  w ith  b a s a l  g a n g l i a  d y s f u n c t io n  

w ould be s i m i l a r  t o  th o s e  s e e n  i n  p a t i e n t s  w ith  f r o n t a l  l e s i o n s .  T h is  

s i m i l a r i t y  w i l l  be d i s c u s s e d  f u r t h e r  be low .

F u n c t io n a l  N euroanatom y  o f  th e  B a s a l  G a n g lia

T h is  re v ie w  o f  t h e  n eu ro an a to m y  o f  th e  b a s a l  g a n g l i a  and c o n n e c t in g  

s t r u c t u r e s ,  and  th e  d e p i c t i o n  i n  F ig u r e  1 , a r e  b a se d  p r i m a r i l y  on 

W eb ste r (1 9 7 5 ) . The l a r g e s t  com ponents o f  th e  b a s a l  g a n g l i a  a r e  t h e  

s t r i a t u n  (c a u d a te  and p u ta m e n ) , and  th e  g lo b u s  p a l l i d u s  w hich i s  d iv id e d  

i n t o  an  i n t e r n a l  and e x t e r n a l  s e g n e n t .  G e n e r a l ly  t h e  s t r i a t u m  i s  

a f f e r e n t  and p r o j e c t s  t o  b o th  p a r t s  o f  th e  g lo b u s  p a l l i d u s  w hich i s  

e f f e r e n t  t o  o th e r  s t r u c t u r e s .  The o th e r  n u c l e i  in c lu d e d  in  th e  b a s a l  

g a n g l i a  a r e  th e  s u b s t a n t i a  n ig r a  w hich c o n s i s t  o f  th e  p a r s  co m p ac ts  and 

p a r s  r e t i c u l a t a ,  and th e  s u b th a la m ic  n u c le u s .  The e x t e r n a l  g lo b u s  

p a l l i d u s  p r o j e c t s  t o  th e  s u b th a la m ic  n u c le u s ,  w hich  i n  t u r n  p r o j e c t s  to  

th e  i n t e r n a l  g lo b u s  p a l l i d u s .  The p r o j e c t io n  o f  th e  p a r s  com pact a  o f  t h e  

s u b s t a n t i a  n i g r a  t o  th e  s t r i a t u n  i s  th e  d o p a m in e rg ic  n i g r o - s t r i a t a l  

p a th w ay  t h a t  a p p e a r s  t o  be  t h e  k ey  lo c u s  o f  d e g e n e r a t io n  i n  PD. T he 

g lo b u s  p a l l i d u s  i n  t u r n  h a s  p r o j e c t i o n s  t o  th e  p a r s  co m p ac ts  o f  th e  

s u b s t a n t i a  n i g r a .  I n  a d d i t i o n ,  t h e  s t r i a t u n  p r o j e c t s  t o  t h e  p a r s  

r e t i c u l a t a  o f  th e  s u b s t a n t i a  n i g r a ,  w hich  i n  t u r n  p r o j e c t s  t o  d o r s a l  

th a la m ic  n u c l e i .
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M ost p a l l i d a l  e f f e r e n t s  end in  n u c l e i  o f  th e  d o r s a l  th a la m u s ,  w h ich  

i n  tu r n  p r o j e c t  t o  th e  m otor and g r a n u la r  f r o n te d  c o r t e x .  O th e r f i b e r s  

from  th e  d o r s a l  th a la m u s  end i n  t h e  n u c le u s  c e n tr isn  m edianun  w h ich  

p r o j e c t s  back  t o  th e  s t r i a t u n .  Some p a l l i d a l  e f f e r e n t s  p r o j e c t  d i r e c t l y  

t o  th e  c e n tr u n  m edianun  w h ich  in  t u r n  p r o j e c t s  t o  t h e  s t r i a t u n .  A l l  t h e  

p r o j e c t i o n s  d i s c u s s e d  m a in ta in  t o p i c a l  o r d e r in g  th ro u g h o u t  a l l  o f  th e  

i n t e r c o n n e c t i o n s .  In  a d d i t i o n ,  i t  s h o u ld  be a p p a r e n t  by now t h a t  t h e r e  

i s  a l a r g e  am ount o f  " fe e d b a c k ” betw een  th e  s t r u c t u r e s  in v o lv e d .  T h u s , 

th e  s t r i a t u n  b o th  r e c e iv e s  p r o j e c t i o n s  from  and p r o j e c t s  t o  th e  

s u b s t a n t i a  n i g r a ,  and  p a l l i d a l  in p u t  t o  th e  th a la m u s  i s  p a i r e d  w i th  

th a la m ic  in p u t  t o  t h e  s t r i a t u n .  To c o m p le te  t h i s  p i c t u r e ,  a l l  a r e a s  o f  

th e  a s s o c i a t i o n  c o r te x  p r o j e c t  t o  th e  c a u d a te  o f  th e  s t r i a t u n ,  a g a in  i n  a 

t o p i c a l l y  o rd e re d  m an n er. The b a s a l  g a n g l i a 's  m ain  s e n s o ry  in p u t  i s  

i n d i r e c t  in fo rm a t io n  v i a  th e  c e r e b r a l  c o r t e x ,  and  some i n d i r e c t  in p u t  

from  th e  r e t i c u l a r  fo r m a t io n .  I t s  m ain  o u tp u t  i s  v i a  t h e  th a la m u s  t o  t h e  

m otor and f r o n t a l  g r a n u la r  c o r t e x .  (The p re s e n c e  o f  o u tp u t  v i a  th e  

th a la m u s  t o  t h e  r e s t  o f  th e  a s s o c i a t i o n  c o r t e x  i s  s t i l l  d e b a te d .)  T h u s , 

t h e r e  i s  a n o th e r  " lo o p "  c o n s i s t i n g  o f  th e  a s s o c i a t i o n  c o r t e x  p r o j e c t i n g  

t o  t h e  s t r i a t u n ,  s t r i a t u n  t o  th e  g lo b u s  p a l l i d u s ,  g lo b u s  p a l l i d u s  t o  

d o r s a l  th a la m u s ,  an d  d o r s a l  th a la m u s  t o  a t  l e a s t  th e  m otor and g r a n u la r  

f r o n t a l  c o r t e x .  T he f u n c t i o n a l  n a tu r e  o f  th e  c o r t i c o - s t r i a t a l  

p r o j e c t i o n s  w i l l  be f u r t h e r  d i s c u s s e d  b e lo w . I n  a d d i t i o n ,  i t  w i l l  be 

s u g g e s te d  t h a t  th e  o r g a n iz a t io n  o f  t h e  sy s te m  i n t o  " fe e d b a c k  lo o p s ” i n  

some way a lo w s th e  c o o r d in a t io n  and m o n i to r in g  o f  p e r c e p tu a l  m otor 

a c t i v i t y .

The m ajo r im p ac t o f  PD on th e  b a s a l  g a n g l i a  and i t s  i n t e r c o n n e c t io n s  

i s  n e u ro c h e m ic a l.  W ith  th e  d e g e n e r a t io n  o f  t h e  s u b s t a n t i a  n i g r a ,  t h e r e
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i s  a r e d u c t io n  o f  dopam ine i n  t h e  s t r i a t u n ,  w hich g e n e r a l l y  i s  th e  a r e a  

o f  h ig h e s t  c o n c e n t r a t i o n  o f  t h i s  b io g e n ic  monoamine in  th e  b r a i n .  The 

d o p a m in e rg ic  in p u t  from  th e  n i g r o - s t r i a t a l  pathw ay p ro b a b ly  g e n e r a l l y  

s e r v e s  to  i n h i b i t  s t r i a t a l  a c t i v i t y ,  w h i le  c h o l i n e r g i c  in p u t  from  o th e r  

s o u rc e s  has an e x c i t a t o r y  c a p a c i t y .  O th e r  n e u ro c h e m ic a l ch a n g e s  i n  t h e  

b r a in s  o f  p a t i e n t s  w ith  PD e x i s t  b u t a r e  n o t  a s  w e ll  u n d e r s to o d .

A re v ie w  o f  s t u d i e s  o f  th e  b e h a v io r a l  c o n se q u e n c e s  o f  b a s a l  g a n g l i a  

m a n ip u la t io n  w i l l  s u p p o r t  th e  c o n te n t io n  t h a t  th e  b a s a l  g a n g l i a  p la y  a  

r o l e  i n  t h e  i n t e r n a l  c o o r d in a t io n  o f  p e r c e p tu a l  m o to r a c t i v i t y .

B a s ic  B e h a v io ra l  S tu d i e s  i n  A n im a ls

G ro ss  a b l a t i o n  o r  s t i m u l a t i o n  o f  th e  b ased  g a n g l i a  d i s r u p t s  o n g o in g  

b e h a v io r  and im p a ir s  s im p le  t a s k  p e r fo rm a n c e , s u g g e s t in g  t h a t  t h i s  a r e a  

i s  n o t o n ly  im p o r ta n t  i n  c o n t r o l  o f  m ovem ents, b u t  may a f f e c t  g o a l 

d i r e c t e d  b e h a v io r s  a s  w e l l .  F o r ex am p le , H a s s le r  (1978) fo u n d  t h a t  

u n i l a t e r a l  s t i m u l a t i o n  o f  th e  putam en i n  f r e e l y  m oving c a t s  p ro d u c ed  

a r r e s t  o f  a l l  a c t i v i t i e s ,  o p e n in g  o f  th e  e y e s ,  t u r n i n g  t o  t h e  s t im u la t e d  

s i d e ,  and  s u p p r e s s io n  o f  sp o n ta n e o u s  t u r n in g  t o  th e  n o n - s t im u la te d  s i d e .  

I n  c o n t r a s t ,  p a l l i d a l  s t i m u l a t i o n  e l i c i t e d  th e  e x c i t a t o r y  e f f e c t s  o f  

t u r n in g  t o  th e  c o n t r a l a t e r a l  s i d e ,  and  d i l a t i o n  o f  th e  p u p i l s .  He 

s u g g e s te d  t h a t  th e  putam en m ig h t f u n c t io n  t o  fo c u s  a t t e n t i o n  and  

e x c i t a b i l i t y  t o  th e  s t im u la t e d  s id e  by s u p p r e s s in g  a l l  o th e r  e v e n ts ,  

in c lu d in g  th o s e  com ing from  th e  o p p o s i t e  s i d e .

The m otor i n h i b i t o r y  o r  a t t e n t i o n a l  m o d u la tin g  e f f e c t s  o f  s t im u la ­

t i o n  t o  t h e  s t r i a t u n  a r e  c o m p l ic a te d .  H i ld  e l e c t r i c a l  o r  c h e m ic a l 

s t i m u l a t i o n  t o  th e  r a t  c a u d a te  d u r in g  b a r - p r e s s i n g  f o r  l i q u i d  r e i n f o r c e  

m en t i n h i b i t e d  t h i s  r e s p o n s e ,  a l th o u g h  th e  an im a l was s t i l l  c a p a b le  o f
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o th e r  b e h a v io r s  su c h  a s  g room ing  o r e x p lo r in g  (B uchw ald , W yers, O k w a  & 

R e u s e r ,  1 9 6 1 ). I n t r o d u c t io n  o f  a n o v e l s t im u lu s  d u r in g  s t i m u l a t i o n  

d i s i n h i b i t e d  b a r - p r e s s i n g .  U n i l a t e r a l  s t i m u l a t i o n  o f t e n  l e d  t o  

re p la c e m e n t o f  c o n t r a l a t e r a l  w ith  i p s i l a t e r a l  b a r - p r e s s i n g  (B uchw ald , 

H u ll  & T ra c h te n b e r g ,  1 9 6 4 ) . S t im u la t io n  th u s  a p p e a r s  t o  a f f e c t  

b e h a v io r  i n  a  f a s h io n  t h a t  i s  d e p e n d e n t on th e  e x t e r n a l  en v iro n m e n t o r 

s i t u a t i o n .

G ro ss  b i l a t e r a l  a b l a t i o n  o f  th e  c a u d a te  i n  c a t s  p ro d u c ed  no g ro s s  

n e u r o lo g ic a l  sym ptom s, b u t  m arked co m p u lso ry  a p p ro a c h  to  p ro m in e n t 

s t i m u l i  and p e c u l i a r  p o s t u r a l  a d ju s tm e n t w ere n o te d  ( V i l l a b l a n c a ,  M arcus 

& O lm s te a d , 1 9 7 6 ) . On b a r - p r e s s i n g  a l t e r n a t i o n  and  T-m aze a l t e r n a t i o n  

t a s k s ,  w here  a n im a ls  had t o  a l t e r n a t e  betw een  two re s p o n s e s  f o r  

r e in f o r c e m e n t ,  r e s p o n s e s  w ere  s lo w e d , and t h e r e  was a m arked  i n a b i l i t y  

t o  a l t e r n a t e  r e s p o n s e s ;  a n im a ls  p e r s i s t e d  i n  th e  re s p o n s e  t h a t  p ro d u ced  

th e  l a s t  rew ard  (O lm stead , V i l l a b l a n c a ,  M arcus a A v e ry , 1 9 7 6 ) . The 

an im a l becam e s t im u lu s  bound t o  th e  m ost i n t e n s i v e  s t im u lu s  and was 

u n a b le  t o  make f l u e n t  a l t e r n a t i n g  re s p o n s e s  b e tw een  b e h a v io r s  t h a t  w ere  

p r e s e n t  i n  h i s  r e p e r t o i r e .  T h u s , th e  an im a l was o n ly  in f lu e n c e d  by 

e x t e r n a l  c u e s  and c o u ld  n o t c o o r d in a te  t a s k  p e r fo rm a n c e  i n t e r n a l l y .

S in c e  t h e s e  s t u d i e s  u sed  r a t h e r  g ro s s  a b l a t i o n  and s t i m u l a t i o n  

t e c h n iq u e s ,  t h e  s p e c i f i c  b e h a v io r a l  r o l e s  o f  a r e a s  o f  t h e  s t r i a t u n  and  

p a l l id u m  c o u ld  n o t  be d i s t i n g u i s h e d .  S t i l l ,  b o th  c o n c e p ts  s u g g e s t  t h a t  

th e  b a s a l  g a n g l i a  a r e  im p o r ta n t  f o r  t h e  s e q u e n c in g  o f  re s p o n s e s  when th e y  

a r e  n o t  cued  by e x t e r n a l  s t i m u l i .

B a s a l  G a n g lia  -  C o r t i c a l  S ystem s

I n v e s t i g a t i o n s  o f  s p e c i f i c  b e h a v io r s  r e v e a l  a  u n iq u e  p a t t e r n  o f
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d e f i c i t  a s s o c i a t e d  w ith  l e s i o n s  o f  d i f f e r e n t  a r e a s  o f  th e  b a s a l  g a n g l i a .  

O b serv ed  d e f i c i t s  a r e  s i m i l a r  t o  th o s e  found  fo l lo w in g  a b l a t i o n  o f  

c o r t i c a l  a r e a s  p r o j e c t i n g  t o  ea ch  p a r t i c u l a r  s i t e  i n  t h e  b a s a l  

g a n g l i a .

As m e n tio n e d  ab o v e , a n a to m ic  e v id e n c e  i n d i c a t e s  t h a t  t h e r e  a r e  

t o p i c a l l y  o rd e re d  p r o j e c t i o n s  from  th e  e n t i r e  a s s o c i a t i o n  c o r t e x  t o  

s p e c i f i c  a r e a s  o f  th e  s t r i a t i s n  (D iv a c , 1972; W e b s te r , 1 9 7 5 ). T a b le  1 

s u n m a riz e s  t h r e e  c o r t i c o - s t r i a t a l  p r o j e c t i o n  sy s te m s  t h a t  have been  

i n v e s t i g a t e d :  o r b i t o f r o n t a l  c o r t e x  t o  v e n t r o l a t e r a l  head  o f  c a u d a te ,

d o r s o l a t e r a l  f r o n t a l  c o r te x  to  a n t e r o d o r s a l  head  o f  c a u d a te ,  and

in f e r o te m p o r a l  c o r t e x  t o  th e  t a i l  o f  c a u d a te .  As i n d i c a t e d ,  t o p i c a l  

r e l a t i o n s  a r e  a l s o  m a in ta in e d  i n  p r o j e c t i o n s  from  c a u d a te  t o  o th e r  b a s a l  

g a n g l i a  and lo w er s t r u c t u r e s  (T e u b e r , 1 9 7 6 ).

P e rfo rm a n c e  on  s p e c i f i c  b e h a v io r a l  t a s k s  i s  a f f e c t e d  by

e x p e r im e n ta l  m a n ip u la t io n  o f  one c o r t i c o - s t r i a t a l  sy s tem  w h ile  re m a in in g  

u n a f f e c te d  by m a n ip u la t io n  o f  th e  o th e r  s y s te m s . T h is  d i s s o c i a t i o n  i s  

fo u n d  a t  th e  l e v e l  o f  c o r t e x ,  c a u d a te ,  and  lo w er s t r u c t u r e s  a s  w e ll  (s e e  

T a b le  1 ) .  R e p r e s e n ta t iv e  t a s k s  a f f e c t e d  by m a n ip u la t io n  o f  e a c h  sy s tem  

a r e  a l s o  l i s t e d  i n  T a b le  1 . T h ese  f i n d in g s  have  been  b e s t  docum ented  i n

monkey b u t have a l s o  been  o b s e rv e d  in  d o g s , c a t s  and r a t s  (D iv a c ,

1 9 7 2 ).

D e s t r u c t io n  o r  s t i m u l a t i o n  o f  th e  a n t e r o d o r s a l  head  o f  c a u d a te  o r  

o f  d o r s o l a t e r a l  f r o n t a l  c o r te x  y i e l d  d e f i c i t s  i n  d e la y e d  r e s p o n s e  and 

d e la y e d  s p a t i a l  2d  t e r n a t i o n  (D iv a c , 1 9 6 8 ). I n  th e  d e la y e d  re s p o n s e  

p a rad ig m , th e  an im a l w a tc h e s  fo o d  b e in g  p la c e d  in  o n e  o f  tw o i d e n t i c a l  

fo o d  w e l l s .  A d e la y  p e r io d  f o l l o w s ,  i n  w hich  an  opaque s c r e e n  b lo c k s  th e  

a n im a l 's  v iew  o f  t h e  w e l l .  T he s c r e e n  i s  th e n  r a i s e d  and th e  a n im a l
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ch o o se s  one  o f  th e  w e l l s .  I n  t h e  d e la y e d  s p a t i a l  a l t e r n a t i o n  p a ra d ig m , a 

s i m i l a r  p ro c e d u re  i s  u s e d , b u t  th e  c o r r e c t  fo o d  w e l l  i s  a lw ay s  th e  

i n c o r r e c t  w e ll  o f  th e  p r e v io u s  t r i a l .

L e s io n s  o r s t i m u l a t i o n  t o  th e  o r b i t o - f r o n t a l  c o r te x  o r  t o  th e  

v e n t r o l a t e r a l  head  o f  c a u d a te  p ro d u c e  d e f i c i t s  i n  t a s k s  r e q u i r in g  

r e s p o n s e  i n h i b i t i o n  o r  im p u lse  c o n t r o l  such a s  o b j e c t  r e v e r s a l  and 

g o -n o  go t a s k s  ( B a t t i g ,  R o sv o ld  & M ish k in , 1 9 6 2 ) . On t h e  f i r s t  t r i a l s  o f  

an  o b j e c t  r e v e r s a l  t a s k ,  t h e  an im a l r e c e iv e s  a  rew ard  f o r  c h o o s in g  e i t h e r  

o f  tw o o b j e c t s .  Then th e  re w ard ed  o b j e c t  i s  s w itc h e d  and th e  a n im a l m ust 

l e a r n  t o  c h o o se  th e  p r e v io u s ly  i n c o r r e c t  s t i m u l u s .  I n  go -  no go t a s k s ,  

a  r e s p o n s e  m ust be  i n i t i a t e d  to  one  s t im u lu s  and i n h i b i t e d  t o  a n o th e r .

E x p e r im e n ta l  m a n ip u la t io n  o f  th e  t a i l  o f  c a u d a te  o r  in f e r o te m p o r a l  

c o r te x  y i e l d s  d e f i c i t s  i n  v i s u a l  d i s c r i m i n a t i o n  t a s k s  (D iv a c , R o sv o ld  & 

S z w a rc b a r t ,  1 9 6 7 ) . I n  t h e s e  t a s k s  th e  an im a l i s  p r e s e n te d  w i th  tw o 

v i s u a l  s t i m u l i ,  su c h  a s  a  t r i a n g l e  and  a  c i r c l e ,  and i s  re w a rd e d  f o r  

c h o o s in g  o n e  o f  th e  s t i m u l i  r e g a r d l e s s  o f  i t s  p o s i t i o n .

Two f e a t u r e s  a r e  n o ta b le  i n  t h e s e  s t u d i e s :  th e  d e g re e  o f

s p e c i f i c i t y  o f  b e h a v io r a l  f u n c t io n  o f  v a r io u s  p a r t s  o f  th e  c a u d a te ,  and  

th e  s i m i l a r i t y  o f  e f f e c t s  y i e l d  from  m a n ip u la t io n  b a s a l  g a n g l i a  a r e a  and  

p r o j e c t i n g  c o r t i c a l  a r e a s .  One s tu d y  t h a t  d e m o n s tra te d  b o th  o f  th e s e  

f e a t u r e s  com bined a s p e c t s  o f  v i s u a l  d i s c r i m i n a t i o n  and d e la y e d  r e s p o n s e  

p a rad ig m s (C ohen, 1 9 7 2 ). Two d i f f e r e n t  v i s u a l  s t i m u l i  w ere b r i e f l y  

d i s p la y e d  v ia  back  p r o j e c t i o n  on two o p aq u e  d i s p l a y s ,  w h ich  th e n  becam e 

opaque a g a in .  A f te r  a  d e l a y ,  th e  a n im a l had t o  ch o o se  th e  d i s p l a y  on 

w h ich  th e  c o r r e c t  v i s u a l  s t im u lu s  had o r i g i n a l l y  b een  p r o j e c t e d .  

M onkeys w ere im p la n te d  b i l a t e r a l l y  on i n  tw o o f  th e s e  f o u r  a r e a s :  

d o r s o l a t e r a l  f r o n te d  c o r t e x ,  a n t e r o d o r s a l  h ead  o f  t h e  c a u d a te ,
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in f e r o te m p o r a l  c o r t e x ,  and t a i l  o f  c a u d a te .  S t im u la t io n  t o  o n e  o f  t h e s e  

r e g io n s  was a d m in is te r e d  d u r in g  t a s k  p e r fo rm a n c e . S t im u la t io n  t o  b o th  

d o r s o l a t e r a l  f r o n t a l  c o r te x  o r a n t e r o d o r s a l  head  o f  c a u d a te  a f f e c t e d  

p e rfo rm a n c e  o n ly  i f  a d m in is te r e d  d u r in g  th e  d e la y  p e r io d .  In  c o n t r a s t ,  

s t i m u l a t i o n  to  t a i l  o f  c a u d a te  o r  in f e r o te m p o r a l  c o r te x  o n ly  a f f e c t e d  

p e rfo rm an c e  i f  a d m in is te r e d  d u r in g  th e  p r e s e n t a t i o n  o f  th e  v i s u a l  

s t i m u l i .  T h u s , th e  a n a to m ic a l  sy s te m s  w ere  f u n c t i o n a l l y  d i s s o c i a t e d  

w h ile  th e  a n a to m ic a l ly  r e l a t e d  s t r u c t u r e s  w i th in  th e  s y s te m s  showed 

f u n c t i o n a l  e q u iv a le n c e .

The s p e c i f i c  d e f i c i t  see n  f o l lo w in g  d e s t r u c t i o n  o f  th e  a n t e r o d o r s a l  

head  o f  c a u d a te  o r  t h e  d o r s o l a t e r a l  f r o n t a l  c o r t e x  f o r  d e la y e d  r e s p o n s e  

t a s k s  and d e la y e d  s p a t i a l  a l t e r n a t i o n  a g a in  s t r e s s e s  th e  p a r t i c i p a t i o n  

o f  th e s e  a r e a s  i n  t a s k s  i n  w h ich  t h e r e  i s  a p a u c i ty  o f  e x t e r n a l  c u e s .  I n  

th e s e  t a s k s  th e  an im a l m ust make a  s p a t i a l  judgm en t be tw een  tw o fo o d  

w e l l s  w ith o u t  e x t e r n a l  g u id a n c e . I f  t h i s  g u id a n c e  i s  e v e n  i n d i r e c t l y  

p ro v id e d ,  f o r  exam ple by m aking  th e  fo o d  w e l l s  s l i g h t l y  d i f f e r e n t  i n  

s h a p e ,  t h e  l e s io n e d  an im a l can  p e r fo rm  s u c c e s s f u l l y .  A s i m i l a r  p a t t e r n  

o f  p e rfo rm a n c e  i n  humans w ith  d i s e a s e s  t h a t  a f f e c t  th e  b a s a l  g a n g l i a  

w ould le n d  f u r t h e r  s u p p o r t  t o  t h i s  i n t e r p r e t a t i o n  o f  d e la y e d  r e s p o n s e  

and  s p a t i a l  a l t e r n a t i o n  p e r fo rm a n c e . W h ile  i t  i s  p o s s i b l e  t h a t  d e f i c i t s  

o o u ld  be  fo u n d  in  h tm ans t h a t  p a r a l l e l  th o s e  s e e n  w ith  l e s i o n s  t o  o th e r  

b ased  g a n g l i a - o o r t i c a l  s y s te m s , a t t e n t i o n  h e r e  i s  l i m i t e d  t o  th e  b a s a l  

g a n g l i a - f r o n t a l  sy s tem  r e s p o n s ib l e  f o r  d e la y e d  r e s p o n s e  and d e la y e d  

s p a t i e d  a l t e r n a t i o n  d e f i c i t s .

S p e c i f i c  l e s i o n s  to  th e  b ased  g a n g l i a  o c c u r  i n f r e q u e n t l y  i n  m an. PD 

and  H u n tin g to n  d i s e a s e  (HD), among o t h e r s ,  eure u se d  a s  hunan  m o d e ls  o f  

b a s a l  g a n g l i a  d y s f u n c t io n .  A lth o u g h  th e  b a s a l  g a n g l i a  e ^ e  n o t  th e  o n ly
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s t r u c t u r e s  a f f e c t e d  i n  t h e s e  d i s e a s e s  ( B o i l e r ,  M iz u ta n i ,  Roessm ann t  

G a m b e tt i ,  1980; Hakim & M a th ie s o n , 1979; R u b erg , P lo e k a ,  Ja v o y -A g id  & 

A g id , 1982 ; V i c t o r ,  1 9 7 8 ) ,  s i m i l a r i t i e s  in  b e h a v io r a l  a b n o r m a l i t i e s ,  a s  

w e ll  a s  p a r a l l e l  r e s u l t s  from  an im a l s t u d i e s ,  s u g g e s t  a  p r im a ry  

in v o lv e m e n t f o r  th e  b a s a l  g a n g l i a  i n  same o f  t h e  o b s e rv e d  c h a n g e s . In  

a d d i t i o n ,  t h e r e  i s  e v id e n c e  f o r  d e p l e t i o n  o f  dopam ine i n  th e  f r o n te d  

c o r t e x  i n  PD (Ja v o y -A g id  & A g id , 1980) and when dopam ine i s  d e p le te d  i n  

th e  f r o n t a l  lo b e s  o f  a n im a ls ,  p e r fo rm a n c e  on d e la y e d  s p a t i a l  a l t e r n a t i o n  

t a s k s  i s  im p a ire d  (B ro z o s k i,  Brown R o sv o ld  t  G oldm an, 1 9 7 9 ) . T h is  

s u g g e s t s  t h a t  th e  f r o n to - b a s e d  g a n g l i a  sy s te m  may be th e  one a f f e c t e d  in  

PD.

B e h a v io ra l  t a s k s  u sed  i n  human s t u d i e s  may be a n a lo g o u s  t o  th o s e  

u se d  w ith  a n im a ls ,  b u t  m ust be r e d e s ig n e d  f o r  htm an s tu d y .  F o r ex a m p le , 

th e  d e la y e d  r e s p o n s e  t a s k  u se d  f o r  a n im a ls  i s  i n a p p r o p r i a t e  b e c a u s e  th e  

p o s i t i o n  o f  th e  rew ard  can  be v e r b a l l y  en co d ed  and r e t a i n e d  n o t  o n ly  o v e r  

th e  d e la y  p e r io d ,  b u t  f o r  a  lo n g  p e r io d  a f t e r  t e s t i n g  (T e u b e r , 1 9 7 2 ). 

T y p i c a l l y ,  t a s k s  d e v is e d  f o r  hu n an s a r e  d e s ig n e d  t o  ex am in e  i n t e l l e c t u a l  

p r o c e s s e s  t h a t  may be s i m i l a r  t o  th o s e  ta p p e d  i n  an im a l t a s k s .  

D evelopm ent o f  a p p r o p r i a t e  t a s k s  dem ands a n a ly s i s  o f  t h e  s a l i e n t  

f e a t u r e s  o f  th e  a n im a ls ' t a s k s .  T h is  a n a l y s i s  h a s  been  m o st f u l l y  

e x p lo r e d  f a r  d e la y e d  r e s p o n s e  t a s k s .

D e lay ed  r e s p o n s e  t a s k  p e rfo rm a n c e  r e q u i r e s  a  c h o ic e  b a se d  on 

s p a t i a l l y  encoded  in f o r m a t io n  w ith  no e x t e r n a l  c u e s  to  g u id e  i t .  I f  t h e  

b a i t e d  fo o d  w e ll  had some i d e n t i f y i n g  c h a r a c t e r i s t i c  b e s id e s  i t s  

l o c a t i o n  i n  sp a c e  p e r fo rm a n c e  i s  n o t a f f e c t e d  (P o h l ,  1 9 6 9 ) .  T he s p a t i a l  

d e f i c i t  was exam ined  u s in g  maze t a s k s  i n  w hich  th e  c o r r e c t  p a th  had  a 

s p e c i f i c  r e l a t i o n s h i p  t o  th e  a n im a l 's  l o c a t i o n .  W h ile  l e s io n e d  a n im a ls
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p e rfo rm ed  p o o r ly  on t h i s  t a s k ,  th e y  le a r n e d  an e q u a l ly  d i f f i c u l t  m aze in  

w hich th e  c o r r e c t  p a th  d id  n o t  depend on th e  a n im a l 's  p o s i t i o n  i n  sp a c e  

( P o te g a l ,  1 9 6 9 ) . T h is  s u g g e s t s  t h a t  a  s a l i e n t  f e a t u r e  o f  d e la y e d  

r e s p o n s e  t a s k s  i s  th e  m a in te n a n c e  o f  s p a t i a l  o r i e n t a t i o n  t o  th e  b a i t e d  

fo o d  w e ll  r e l a t i v e  t o  th e  p o s i t i o n  o f  t h e  s u b j e c t ' s  body ( P o te g a l ,  1972) . 

I t  i s  p o s s i b l e  t h a t  a s  th e  an im a l moves d u r in g  th e  d e la y  p e r io d ,  i t  m ust 

t a k e  t h e s e  m ovem ents i n t o  a c c o u n t  i n  o rd e r  t o  m a in ta in  i t s  o r i e n t a t i o n  t o  

th e  b a i t e d  fo o d  w e l l .  P o te g a l  (1971) d e m o n s tra te d  a s i m i l a r  d e f i c i t  in  

HD p a t i e n t s  on a  t a s k  i n  w h ich  th e y  s to o d  i n  f r o n t  o f  a  t a r g e t  p o s i t i o n ,  

w ere b l i n d f o l d e d ,  s h i f t e d  p o s i t i o n ,  and  th e n  a t te m p te d  t o  to u c h  th e  

t a r g e t  p o s i t i o n  from  t h e i r  new l o c a t i o n .  P a t i e n t s  w ere u n a b le  t o  

co m p en sa te  f o r  th e  change i n  body p o s i t i o n  i n  t h i s  s im p le  s p a t i a l  

l o c a l i z a t i o n  t a s k .

The A u b e r t  t a s k  (1961) i s  a n o th e r  s p a t i a l  t a s k  w hich  a l s o  demands 

c o m p e n sa tio n  f o r  body movement i n  a  s i t u a t i o n  w here  t h e r e  a r e  no e x t e r n a l  

c u e s  p r e s e n t  t o  g u id e  p e r fo rm a n c e . I n  a  d a rk e n e d  room , s u b j e c t s  s i t  i n  a 

c h a i r  t i l t e d  t o  t h e  l e f t  o r  r i g h t  o f  th e  v e r t i c a l ,  u p r ig h t  p o s i t i o n  and  

a t t e m p ts  t o  a d j u s t  a  lu m in o u s  ro d  t o  v e r t i c a l . .  B o th  PD and f r o n t a l  

l e s io n e d  p a t i e n t s  make l a r g e r  th a n  a v e ra g e  e r r o r s  on t h i s  t a s k  (T euber & 

P r o c t o r ,  1 9 6 4 ). The d ep en d en ce  o f  p e r c e p tu a l -m o to r  p e rfo rm an c e  on 

e x t e r o c e p t i v e  s t i m u l i  h as  a l s o  been  d e m o n s tra te d  u s in g  a  b lo c k  d e s ig n  

t a s k .  W h ile  L u r ia  and T sv e tk o v a  (1964) fo u n d  t h a t  b o th  p a t i e n t s  w ith  

f r o n t a l  and p a r i e t a l  lo b e  l e s i o n s  p e rfo rm ed  p o o r ly  on a  b lo c k  d e s ig n  

t a s k ,  f r o n t a l  b u t  n o t p a r i e t a l  p a t i e n t  p e rfo rm an c e  c o u ld  be im proved  by 

s u p p ly in g  th e  p a t i e n t  w ith  e x t e r n a l  g u id a n c e  in  p e r fo rm in g  t h e  t a s k .  

F i r s t ,  th e  s e p a r a t e  b lo c k s  i n  th e  p a t t e r n  t o  be c o p ie d  w ere  c l e a r l y  

d e l i n e a t e d .  S e c o n d , th e  p a t i e n t s  w ere  s u p p l i e d  w ith  i n s t r u c t i o n s  t h a t
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s t r e s s e d  a  l o g i c a l  s e q u e n c in g  o f  c o n s t r u c t i v e  a c t i v i t y  and c o n s t a n t  

c h e c k in g  o f  th e  a c c u ra c y  o f  b lo c k s  p u t  i n t o  p l a c e .  I n  a  p i l o t  s tu d y  

( S t e r n ,  ix ip u b l is h e d ) , 10 PD p a t i e n t s  who had d i f f i c u l t i e s  w ith  VAIS 

b lo c k  d e s ig n  w ere g iv e n  a  v e r s io n  o f  th e  t e s t  i n  w hich  th e  in d iv id u a l  

b lo c k s  w ere o u t l i n e d .  W ith  t h i s  a i d ,  fo u r  o f  t h e  s u b j e c t s  c o u ld  c o m p le te  

a l l  o f  th e  d e s ig n s .  The re m a in in g  s u b j e c t s  w ere s u p p l ie d  w i th  a s t r a t e g y  

f o r  c o m p le tin g  th e  t a s k  w hich  c o n s i s t e d  o f  c o n s t r u c t i n g  o n e  row o f  b lo c k s  

a t  a  t im e  and th e n  co m p arin g  t h a t  row w ith  th e  sam p le  and c o r r e c t i n g  i t  

i f  n e c e s s a ry  b e fo re  c o n t in u in g .  W ith  t h i s  a id  a l l  s u b j e c t s  c o u ld  

c o m p le te  e v e ry  WAIS b lo c k  d e s ig n  p a t t e r n .  T h is  work s u g g e s t s  a 

s i m i l a r i t y  b e tw een  th e  c o n s t r u c t i o n  d e f i c i t s  in  p a t i e n t s  w ith  PD and 

f r o n t a l  lo b e  dam age. F u r t h e r ,  i t  d e m o n s tra te s  t h a t  b o th  g ro u p s  b e n e f i t  

from  e x t e r n a l  g u id a n c e .

T h ese  s t u d i e s  d e m o n s tra te  t h a t  a n a lo g o u s  d e f i c i t s  can  be i s o l a t e d  

i n  hu n an s w ith  PD and f r o n t a l  l e s i o n s  and in  a n im a ls  w ith  l e s i o n s  t o  t h e  

d o r s o l a t e r a l  f r o n t a l  c o r t e x  o r  a n t e r o d o r s a l  head  o f  c a u d a te .  The 

s i m i l a r  e f f e c t s  o f  c o r t i c a l  and b a s a l  g a n g l i a  l e s i o n s  in  b o th  a n im a l and  

human s t u d i e s  r a i s e s  th e  q u e s t io n  o f  t h e i r  f u n c t i o n a l  r e l a t i o n s h i p .  

D iv ac  (1972) h as s u g g e s te d  two a l t e r n a t i v e s :  (1) t h e  c o r t e x  and b a s a l

g a n g l i a  may be w o rk in g  i n  p a r a l l e l ,  w i th  each  in d i v id u a l  s t r u c t u r e  

c a p a b le  o f  h a n d l in g  th e  b e h a v io r a l  demands o f  t h e  t a s k s ,  o r

(2) a s s o c i a t e d  a r e a s  may work i n  s e r i e s ,  w i th  e a c h  c o n t r i b u t i n g  a 

com ponent o f  th e  n e c e s s a ry  p r o c e s s in g .  W h ile  th e  b e h a v io r a l  c o n se ­

q u e n c e s  o f  damage t o  a s s o c ia te d  a r e a s  a r e  s i m i l a r ,  t h e y  a r e  n o t  

i d e n t i c a l .  F o r ex am p le  i n  a d u l t  m onkeys e l e c t r i c a l  s t i m u l a t i o n  t o  

d o r s o l a t e r a l  f r o n t a l  c o r t e x  d i s r u p t e d  d e la y e d  r e s p o n s e  t a s k  p e rfo rm a n c e  

o n ly  when a p p l i e d  i n  t h e  f i r s t  few  se c o n d s  o f  th e  d e la y  p e r io d .  I n
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c o n t r a s t ,  s t i m u l a t i o n  to  a n t e r o d o r s a l  head  o f  c a u d a te  re d u c e d  

p e rfo rm a n c e  t o  ch an ce  l e v e l  when a d m in is te r e d  a t  any  p o in t  i n  th e  d e la y  

p e r io d  (S tam , 1 9 6 9 ) . In  h iznans, a l th o u g h  b o th  PD and f r o n t a l  lo b e  

l e s io n e d  p a t i e n t s  w ere im p a ire d  on th e  A u b e r t  t a s k ,  f r o n t a l  p a t i e n t s  

w ere d e f e c t i v e  o n ly  when s i t t i n g  on a t i l t e d  c h a i r .  P a r k in s o n ia n s  made 

e r r o r s  even w h ile  s i t t i n g  on  a c h a i r  i n  i t s  u p r ig h t  p o s i t i o n  a n d , 

f u r t h e r ,  p a r k in s o n ia n s  had more d i f f i c u l t y  in  a d j u s t i n g  t h e i r  own b o d ie s  

t o  an u p r ig h t  p o s i t i o n  (T e u b e r , 1 9 7 6 ).

T h ese  f i n d in g s  s u g g e s t  t h a t  D iv a c 's  seco n d  a l t e r n a t i v e  i s  m ore 

l i k e l y ;  a r e a s  o f  th e  b a s a l  g a n g l i a  and t h e i r  c o r re s p o n d in g  c o r t i c a l  

a r e a s  work i n  s e r i e s ,  su ch  t h a t  each  s t r u c t u r e  c o n t r i b u t e s  a  com ponent o f  

th e  p r o c e s s in g  n e c e s s a r y  f o r  a p a r t i c u l a r  b e h a v io r .  L e s io n s  t o  e a c h  a r e a  

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

H ig h e r - o r d e r  D e f i c i t s  i n  t h e  C o n tro l  o f  V o lu n ta ry  Movement

To t h i s  p o i n t ,  t h e  in v o lv e m e n t o f  th e  b a s a l  g a n g l i a  i n  c a r r y in g  o u t  

b e h a v io r a l  t a s k s  t h a t  have a c o g n i t i v e  com ponent h a s  been  d i s c u s s e d .  

V a r io u s  s t u d i e s  have d e s c r ib e d  d e f i c i t s  i n  th e  c o n t r o l  o f  v o lu n ta r y  

m otor a c t i v i t y  t h a t  r e l a t e  t o  ch a n g es  i n  th e  b a s a l  g a n g l i a  and t h a t  a l s o  

a p p e a r  t o  have am i n t e l l e c t u a l  com ponen t. T h ese  can  b e s t  be d e s c r ib e d  a s  

d e f i c i t s  i n  th e  g e n e r a t io n  o f  s e q u e n t i a l  and p r e d i c t i v e  v o lu n ta r y  

m ovem ent.

A lth o u g h  p a r k in s o n ia n  p a t i e n t s  w ere c a p a b le  o f  p e r fo rm in g  v o lu n ta r y  

m ovem ents i n d i v i d u a l l y ,  th e y  w ere  im p a ire d  when r e q u i r e d  to  p e r fo rm  two 

m ovem ents s im u l ta n e o u s ly ,  su ch  a s  s q u e e z in g  a  b u lb  w i th  o n e  hand w h ile  

d raw in g  d e s ig n s  w ith  t h e  o th e r  (Schw ab, C h a fe tz  6 W a lk e r, 1954 ; P e r r e t ,

1 9 6 8 ) . M ovements becam e i n c r e a s i n g l y  d e f i c i e n t  when th e  c o m p le x ity  o f
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one o f  th e  t a s k s  was in c r e a s e d  (De L. H o rn e , 1973) . C l i n i c a l l y ,  a  

d e f i c i t  i n  d i a d o k i n e t i c  o r d o u b le  s im u lta n e o u s  movement i s  o b s e rv e d  in  

PD. A s im i l a r  d e f i c i t  was fo u n d  in  c a t s  w ith  l e s i o n s  i n  th e  c a u d a te ;  

a n im a ls  w ere u n a b le  t o  b a r - p r e s s  f o r  f l u i d  and d r in k  th e  f l u i d  

s im u lta n e o u s ly  (O lm stead  e t  a l . ,  1 9 7 6 ) . B o th  htm an and an im a l 

d i f f i c u l t i e s  may be r e l a t e d  t o  d e f i c i t s  i n  th e  m o n i to r in g  and 

c o o r d in a t in g  o f  m o to r in f o r m a t io n  w ith  s e n s o ry  in fo rm a t io n  n eed ed  to  

se q u e n ce  t a s k  p e r fo rm a n c e .

N ot o n ly  s e q u e n c e s  o f  m ovem ent, b u t  s i n g l e  m ovem ents a r e  a f f e c t e d  

by ch a n g es  i n  th e  b a s a l  g a n g l i a .  A lth o u g h  K ornhuber (1974) s u g g e s te d  

t h a t  s low  m ovem ents a r e  c o n t r o l l e d  by th e  b a s a l  g a n g l i a  w h i le  f a s t ,  

b a l l i s t i c  m ovem ents a r e  program m ed by th e  c e r e b e l lu m , e v id e n c e  s u g g e s ts  

t h a t  b a l l i s t i c  m ovem ents a r e  a l s o  im p a ire d  by d i s e a s e s  o f  th e  based, 

g a n g l i a .  H e a l th y  s u b j e c t s  a d j u s t  th e  v e l o c i t y  o f  t h e i r  movement t o  make 

b a l l i s t i c  m ovem ents o f  v a ry in g  d i s t a n c e s  i n  th e  same am ount o f  t im e .  In  

c o n t r a s t ,  p a r k in s o n ia n s  m a in ta in  a  c o n s t a n t  v e l o c i t y  a n d , c o n s e q u e n t ly ,  

movement t im e  in c r e a s e s  (F lo w e rs ,  1 9 7 5 ) . EMG s t u d i e s  o f  th e  norm al 

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

a g o n i s t ,  a n t a g o n i s t ,  and th e n  a g o n i s t  m u sc le s  d u r in g  th e  m ovem ent. 

P a r k in s o n ia n s  g e n e r a te d  a  v a r i a b l e  number o f  t r i p h a s i c  b u r s t  g ro u p in g s  

( H a l l e t ,  S h ah an i & Y oung, 1 9 7 7 ); t h i s  may r e p r e s e n t  a  d e f i c i t  i n  th e  

p la n n in g  o r m o n i to r in g  o f  m ovem ents. A n a ly s is  o f  ch a n g e s  i n  v e l o c i t y  o f 

b a l l i s t i c  movement o f  p a t i e n t s  on a  s t e p  t r a c k i n g  t a s k  r e v e a l e d  t h a t  each  

movement a c t u a l l y  c o n s i s t e d  o f  g ro u p s  o f  s e p a r a t e  m ovem ents (D rap er & 

J o h n s ,  1 9 6 4 ). I f  th e  p o s i t i o n  o f  th e  t a r g e t  was s h i f t e d  a s  th e  p a t i e n t s  

moved to w ard  i t ,  i n a b i l i t y  t o  c o r r e c t  m ovem ents to w ard  t h e  t a r g e t ' s  new 

p o s i t i o n  o c c u r r e d  b e f o r e  th e y  had  re a c h e d  i t s  o r i g i n a l  p o s i t i o n  (D raper
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& J o h n s ,  1 9 6 4 ) . When p a t i e n t s  t r a c k e d  a t a r g e t  m oving in  a  s i n e  wave 

p a t t e r n  a c ro s s  an o s c i l l o s c o p e  s c r e e n ,  t r a c k i n g  a c c u ra c y  d e c r e a s e d  a s  

sp e e d  o f  th e  t a r g e t ' s  movement in c r e a s e d  (P lo w e rs , 1 9 7 8 a ) .  F lo w e rs  

(1978a) s u g g e s te d  t h a t  p a t i e n t s  can  o n ly  make " c lo s e d  lo o p ” m ovem ents, 

w hich  w ere g u id ed  by e x t e r o c e p t i v e  s t i m u l i ,  i n  t h i s  c a s e  c o n s ta n t  v i s u a l  

fe e d b a c k .  T h is  i s  w hat o c c u r re d  when th e  t a r g e t  moved s lo w ly .  T ra c in g  

th e  s in e  wave p a t t e r n  a t  a  h ig h e r  sp e e d  dem anded "o p en  lo o p "  m ovem ent, 

w here th e  s u b j e c t  had t o  p r e d i c t  th e  movement o f  th e  t a r g e t  and g e n e r a te  

t h a t  movement on h i s  own. T h a t  i s ,  t h e  s u b j e c t  had to  g e n e r a te  h i s  own 

s i n e  wave m ovem ent, b a se d  on a p r e d i c t i o n  o f  w here th e  t a r g e t  w ould 

t r a v e l  i n  th e  f u t u r e .  P a t i e n t s  c o u ld  n o t g e n e r a te  t h e s e  p r e d i c t i v e  

m ovem ents, s i n c e  by t h e i r  n a tu r e  th e  m ovem ents c o u ld  n o t  be g u id e d  by 

e x t e r n a l  s t i m u l i .  T h ese  d e f i c i t s  i n  p r e d i c t i v e  movement w ere  n o t a  

f u n c t io n  o f  slow ed  movement i n  g e n e r a l ,  b e c a u s e  p a t i e n t s  c o u ld  t r a c k  

" n o i s e ” p a t t e r n s ,  w h ich  a llo w e d  o n ly  c lo s e d  lo o p  m ovem ents, a s  w e l l  a s  

c o n t r o l s  d id  (F lo w e rs ,  1 9 7 8 a ) .

S im i la r  t r a c k i n g  d e f i c i t s  have a l s o  been d e m o n s tra te d  i n  non-hum an 

p r im a te s  w ith  l e s i o n s  t o  v a r io u s  a r e a s  o f  th e  b a s a l  g a n g l i a .  B i l a t e r a l  

c y r o g e n ic  l e s i o n s  o f  th e  c a u d a te  im p a ire d  m o n k ey 's  a b i l i t y  t o  t r a c k  a  

m oving l i g h t  w ith  t h e i r  paw; th e  a n im a ls  la g g e d  b e h in d  th e  t a r g e t ,  and 

e r r e d  when r e a c h in g  f o r  th e  t a r g e t  even  when i t  was s t a t i o n a r y  (Bowen,

1 9 6 9 ) . In  a n o th e r  s tu d y ,  u n i l a t e r a l  c o o l in g  o f  t h e  g lo b u s  p a l l i d u s  in  

r h e s u s  m onkeys im p a ire d  r a p id  b u t  n o t s lo w  m ovem ents o f  th e  c o n t r a ­

l a t e r a l  arm (Caan 6 S t e i n ,  1 9 7 9 ) . A g a in , t h i s  s tu d y  s u g g e s ts  t h a t  t h e  

b ased  g a n g l i a  a r e  e s p e c i a l l y  in v o lv e d  i n  open lo o p ,  o r  p r e d i c t i v e  

m ovem ents, w h ich  m ust be p la n n e d  b e f o r e  th e y  a r e  i n i t i a t e d ,  and m ust be 

c a r r i e d  o u t  w ith o u t  e x t e r n a l  fe e d b a c k .
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A p r e d i c t i v e  t r a c k in g  d e f i c i t  can  a l s o  be d e m o n s tra te d  in  humans 

and a n im a ls  w ith  b a s a l  g a n g l i a  l e s i o n s  by rem o v in g  v i s u a l  fe e d b a c k . For 

e x a m p le , u n i l a t e r a l  c o o l in g  o f  th e  g lo b u s  p a l l i d u s  i n  m onkeys p ro d u c ed  a 

breakdow n i n  f l e x i o n - e x t e n s i o n  elbow  m ovem ents o f  th e  c o n t r a l a t e r a l  arm 

o n ly  when m ovem ents w ere  made w i th o u t  v i s u a l  g u id a n o e  (H o re , 

M eyer-Lohm ann & B ro o k , 1 9 7 7 ). A fo l lo w -u p  s tu d y  r e v e a le d  d e f i c i t s  i n  

t h e s e  m ovem ents e v e n  w ith  v i s u a l  fe e d b a c k .  H ow ever, o v e r  t im e  m onkeys 

a d a p te d  a  s t r a t e g y  o f  m aking s lo w e r ,  m ore a c c u r a te  m ovem ents t h a t  w ere 

p re su m a b ly  u nder g r e a t e r  v i s u a l  g u id a n c e  (H ore & V i l l i s ,  1 9 8 0 ) .  In  

p a r k in s o n ia n  p a t i e n t s ,  f l e x i o n  and e x te n s io n  m ovem ents o f  th e  e lbow  a l s o  

w ere  i n a c c u r a t e  when v i s u a l  fe e d b a c k  was rem oved (Cooke, Brown a B ro o k s , 

1 9 7 8 ) . I n  a  t r a c k i n g  t a s k  (F lo w e rs , 1 9 7 8 b ), s u b j e c t s  u sed  a  j o y s t i c k  t o  

c o n t r o l  a  m ark e r and t r a c k  a  t a r g e t  m oving i n  a  r e g u la r  p a t t e r n  a c r o s s  an 

o s c i l l o s c o p e  s c r e e n .  D u rin g  t e s t i n g ,  e i t h e r  th e  t r a c k e d  t a r g e t  o r th e  

s u b j e c t - c o n t r o l l e d  m ark e r w ould b r i e f l y  d i s a p p e a r  from  t h e  s c r e e n .  

D u rin g  t h i s  t im e  th e  s u b j e c t  was r e q u i r e d  t o  c o n t in u e  t r a c k i n g  w i th  th e  

jo y s to c k  a s  i f  t h e  m ark e r o r  t a r g e t  w ere  s t i l l  t h e r e .  The p o o r 

p e rfo rm a n c e  shown by PD p a t i e n t s ,  r e l a t i v e  t o  c o n t r o l s ,  a g a in  s u g g e s te d  

a d e f i c i t  i n  th e  g e n e r a t io n  o f  p r e d i c t i v e  m ovem ent.

P i l o t  S tu d y

The d e f i c i t s  o f  s e q u e n t i a l  and p r e d i c t i v e  movement s e e n  i n  humans 

and a n im a ls  f o l lo w in g  damage t o  th e  b a s a l  g a n g l i a  s u g g e s t  t h a t  th e  b a s a l  

g a n g l i a  may be in v o lv e d  i n  a s p e c t s  o f  p la n n in g  and  m o n i to r in g  o f  

m ovem ent. T h ese  d e f i c i t s  a p p e a r  to  hav e  th e  same c h a r a c t e r i s t i c s  a s  t h e  

p e r c e p tu a l  m otor d e f i c i t s  w hich a r e  se e n  i n  d e la y e d  re s p o n s e  t a s k s  i n  

a n im a ls  and i n  t a s k s  su c h  a s  c o n s t r u c t i o n  i n  h isnans. I f  t h e s e
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h ig h e r - o r d e r  movement d e f i c i t s  have a s im i l a r  u n d e r ly in g  c a u s e  a s  

c o g n i t i v e  d e f i c i t s  i n  PD, th e  two s h o u ld  o c c u r  to g e th e r  and r e l a t e  in  

s e v e r i t y .  We h y p o th e s iz e d  t h a t  s e q u e n t i a l  and p r e d i c t i v e  movement 

d i s o r d e r s  i n  PD w ould r e l a t e  t o  c o n s t r u c t i o n  p e rfo rm an c e  (S te rn  e t  a l . ,  

1 9 8 3 ) . F lo w e rs  (1978b) had u se d  a  t r a c k in g  t a s k ,  d e s c r ib e d  ab o v e  , t o  

s tu d y  d e f i c i t s  i n  p r e d i c t i v e  movement d e f i c i t s  i n  PD. We d e v e lo p e d  a 

s i m p l i f i e d  t a s k  b a se d  on F lo w e rs ' t o  t e s t  o u r h y p o th e s e s .  P a t t e r n s  w ere  

m ounted on a v e r t i c a l ,  t r a n s p a r e n t  s c r e e n  (F ig u re  2) and  s u b j e c t s  s im p ly  

t r a c e d  th e  p a t t e r n  back  and f o r t h  w ith  t h e i r  f i n g e r .  P a t t e r n s  3 , and 5 -7  

had p o r t i o n s  m is s in g .  I n  p a t t e r n  3 , th e  s u b j e c t  was i n s t r u c t e d  t o  move 

back and f o r t h  b e tw een  th e  two e n d p o in ts  in  a  s t r a i g h t  l i n e .  P a t t e r n s  

5-7  w ere  s i m i l a r  t o  one a n o th e r ,  b u t  had p r o g r e s s i v e l y  in c r e a s in g  

d e l e t i o n s .  B e fo re  t r a c i n g  e a c h  o f  th e s e  p a t t e r n s ,  p a t t e r n  4 was 

su p e r im p o se d  t o  d e m o n s tra te  th e  c o m p le ted  p a t t e r n  t o  th e  s u b j e c t .  The 

s u b j e c t  th e n  t r a c e d  each  p a t t e r n ,  a t te m p t in g  t o  f i l l  i n  t h e  m is s in g  

se g m e n ts . T ra c in g  p e rfo rm an c e  was v id e o ta p e d  th ro u g h  th e  t r a n s p a r e n t  

s c r e e n  f o r  l a t e r  a n a l y s i s .

E ig h te e n  PD p a t i e n t s  and 14 h e a l th y  e l d e r l y  c o n t r o l s  w ere t e s t e d  

w ith  t h i s  t a s k .  In  a d d i t i o n ,  th e y  w ere  t e s t e d  w ith  a  m o d if ie d  v e r s io n  o f  

th e  M in i-m e n ta l  S t a t u s  E x a m in a tio n  (Mayeux e t  a l . ,  1981a) an d  w i th  th e  

R osen  D raw ing T e s t  (R osen , 1981) i n  w h ich  th e  s u b j e c t  s im p ly  c o p ie d  

d e s ig n s  o f  v a ry in g  c o m p le x i ty .

V id e o ta p e d  t r a c i n g  p e r fo rm a n c e  was r a t e d  by tw o n e u r o l o g i s t s .  In  

r a t i n g  t r a c i n g  p e r fo rm a n c e , we fo u n d  t h a t  PD p a t i e n t s  made tw o ty p e s  o f  

e r r o r s .  I n  th e  f i r s t  ty p e  o f  e r r o r ,  p a t i e n t s  d e v ia te d  from  th e  d i s p la y e d  

p a t t e r n  and h e s i t a t e d  d u r in g  t r a c i n g .  T h ese  e r r o r s  w ere  n o t r e l a t e d  t o  

th e  c o m p le x ity  o f  th e  p a t t e r n s ;  th e y  o c c u r r e d  w i th  s i m i l a r  f r e q u e n c y  i n
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a l l  p a t t e r n s .  R a t in g s  o f  t h e s e  e r r o r s  d id  n o t c o r r e l a t e  w ith  p e r fo rm a n c e  

on  th e  m e n ta l  s t a t u s  o r c o n s t r u c t i o n  t e s t s  and t h e s e  e r r o r s  w ere 

i n f r e q u e n t  i n  th e  c o n t r o l  g ro u p . We c o n c lu d e d  t h a t  th e y  w ere  r e l a t e d  t o  

th e  n o n - c o g n i t iv e  m o to r d e f i c i t s  o f  PD.

A n o th e r  ty p e  o f  e r r o r  t h a t  was o b s e rv e d  w as c a l l e d  " lo e s - o f - f o r m "  

and c o n s i s t e d  o f  d i s t o r t i o n s  o f  t h e  m is s in g  s e g a e n t s  o f  p a t t e r n s  d u r in g  

a t t e m p ts  t o  t r a c e  t h e i r  s h a p e .  PD p a t i e n t s  made t h e s e  e r r o r s  on  a l l  

p a t t e r n s .  E r r o r s  i n c r e a s e d  i n  s e v e r i t y  a s  th e  d e l e t e d  s e g a e n t s  becam e 

m ore co m p lex , an d  s in n e d  e r r o r  r a t i n g s  c o r r e l a t e d  w i th  p e r fo rm a n c e  on  

b o th  t h e  m in i-m e n ta l  and  c o n s t r u c t i o n  t e s t s .  I n  a d d i t i o n ,  t h e s e  e r r o r s  

w e re  n o t  r e l a t e d  t o  s e v e r i t y  o f  PD sym ptoms o r  t o  th e  f i r s t  ty p e  o f  e r r o r  

we had  fo u n d .

The p a r k in s o n ia n  p a t i e n t s '  p e r fo rm a n c e  i n  t h i s  p i l o t  s tu d y  m e e ts  

t h e  c r i t e r i a  t h a t  h av e  b ee n  d e s c r ib e d  f o r  a  c o n s t r u c t i o n  d e f i c i t ;  

l o s s - o f - f o r m  e r r o r s  o c c u r r e d  t h a t  w ere  n o t  r e l a t e d  t o  th e  m o to r d e f i c i t s  

o f  PD. I n  a d d i t i o n ,  p a t i e n t s '  p e r fo rm a n c e  i n  t h i s  s tu d y  w as s i m i l a r  t o  

t h a t  d e s c r ib e d  i n  o t h e r  s t u d i e s  o f  p e r c e p t u a l  m otor t a s k s  i n  p a t i e n t s  

w ith  PD and  a n im a ls  w ith  b a s a l  g a n g l i a  l e s i o n s ;  p e r fo rm a n c e  b ro k e  down 

when e x t e r n a l  g u id a n c e  was rem oved . The r e l a t i o n  o f  th e  l o s s - o f - f o r m  

e r r o r s  t o  p e r fo rm a n c e  o n  th e  c o n s t r u c t i o n  t a s k  s u g g e s t s  t h a t  p e r fo rm a n c e  

o n  b o th  t a s k s  may be a f f e c t e d  by a  ooamon c o g n i t i v e  d e f i c i t .

T he m a jo r  w e a k n e ss  i n  t h i s  p i l o t  s tu d y  i s  t h a t  s u b j e c t i v e  r a t i n g s  

w ere  u sed  t o  e v a lu a t e  t r a c i n g  m ovem en ts. I n  th e  p r e s e n t  s tu d y  eq u ip m e n t 

was d e v e lo p e d  t o  q u a n t i f y  s u b j e c t s '  t r a c i n g  m ovem en ts. S u b je c t s  

c o m p le te d  t h i s  m o d if ie d  t a s k  a s  w e l l  a s  a  c o n s t r u c t i o n  and  m e n ta l  s t a t u s  

t e s t .  P a r k in s o n ia n  sym ptom s w ere  r a t e d .  A s i n  t h e  p i l o t  s t u d y ,  t h e  

p u rp o s e  o f  t h i s  s tu d y  w as t o  e v a l u a t e  th e  r e l a t i o n  b e tw een  p e r fo rm a n c e  on
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a  s e q u e n t i a l  and p r e d i c t i v e  movement t a s k  and on a  s ta n d a r d  t e s t  o f  

p e r c e p tu a l  m otor a b i l i t y .  In  a d d i t i o n ,  th e  e f f e c t  o f  p a r k in s o n ia n  

symptoms on t r a c i n g  p e r fo rm a n c e  was e v a lu a te d  to  d i f f e r e n t i a t e  b e tw een  

p e rfo rm a n c e  d e f i c i t s  t h a t  r e l a t e  t o  t h e s e  sym ptom s and th o s e  t h a t  may be 

r e p r e s e n t a t i v e  o f  a  t r u e  p e r c e p tu a l  m o to r d e f i c i t .

H y p o th e se s

The p i l o t  s tu d y  (S te rn  e t  a l . ,  1983) s u g g e s t s  t h a t  t h e r e  i s  a 

r e l a t i o n  b e tw een  th e  h ig h e r - o r d e r  movement d e f i c i t s  and p e r c e p tu a l  m o to r 

d e f i c i t s  i n  PD such  a s  c o n s t r u c t i o n .  T h is  may r e f l e c t  a  s i m i l a r i t y  i n  

th e  u n d e r ly in g  c a u s e  f o r  th e  tw o ty p e s  o f  p e rfo rm a n c e  d e f i c i t s .  T h is  

f i n d i n g ,  and  th o s e  i n  o th e r  s t u d i e s  o f  p a t i e n t s  and a n im a ls ,  s u g g e s t  th e  

h y p o th e s i s  t h a t  i n  PD t h e r e  i s  an i n a b i l i t y  t o  m o n i to r ,  e v a l u a t e ,  and 

g e n e r a te  a c c u r a te  s p a t i a l  p e rfo rm an c e  i n  th e  ab se n c e  o f  e x t e r n a l  

g u id a n c e .  T h is  i s  b e c a u s e  th e  b a s a l  g a n g l ia  can  no lo n g e r  e f f e c t i v e l y  

p a r t i c i p a t e  i n  th e  sy s te m  t h a t  u s u a l ly  e n a b le s  t h i s  p e r fo rm a n c e . T h is  

d e f i c i t  i s  h y p o th e s iz e d  a s  th e  u n d e r ly in g  c a u s e  o f  p o o r p e r fo rm a n c e  o n  

o n  p e r c e p tu a l  m otor t a s k s  i n  PD, and  i n  a n im a ls  w ith  b a s a l  g a n g l i a  

l e s i o n s .

G iven  th e  h y p o th e s i s  i n  t h i s  rough fo rm , s e v e r a l  p r e d i c t i o n s  w ere  

made a b o u t  t h e  r e s u l t s  o f  t h i s  s tu d y :

(1) I n  th e  t r a c i n g  t a s k ,  a s  e x t e r o c e p t iv e  p e rfo rm an c e  c u e s  a r e  

removed by d e l e t i n g  s e g n e n ts  o f  th e  p a t t e r n ,  p a t i e n t s '  t r a c i n g  a c c u ra c y  

s h o u ld  d e c r e a s e .  T h is  d e c r e a s e  i n  a c c u ra c y ,  a s  m ore o f  th e  p a t t e r n  i s  

d e l e t e d ,  s h o u ld  b e  s i g n i f i c a n t l y  g r e a t e r  i n  p a t i e n t s  th a n  in  c o n t r o l s .

(2) P e rfo rm an ce  on t r a c i n g  t a s k  d e s ig n s  w ith  d e l e t e d  seg m en ts  

s h o u ld  c o r r e l a t e  w ith  c o n s t r u c t i o n  p e r fo rm a n c e  in  p a r k in s o n ia n s  b u t n o t
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c o n t r o l s .

(3) Some a s p e c t s  o f  t r a c i n g  p e rfo rm an c e  i n  p a t i e n t s  s h o u ld  

c o r r e l a t e  w ith  th e  s e v e r i t y  o f  p a r k in s o n ia n  m o to r sym ptom s. H ow ever, 

symptom s e v e r i t y  s h o u ld  n o t c o r r e l a t e  w ith  t r a c i n g  p e rfo rm a n c e  on 

m is s in g  s e g n e n ts  o f  p a t t e r n s .
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METHODS

S u b je c ts

S ix te e n  p a t i e n t s  w ith  PD w ere ch o sen  a c c o rd in g  t o  th e  fo l lo w in g  

c r i t e r i a :

(1) A p p ro p r ia te  c l i n i c a l  f e a t u r e s  o f  PD, i n c lu d in g  t r e m o r ,  

r i g i d i t y ,  b r a d y k in e s ia ,  and p o s t u r a l  i n s t a b i l i t y ,  r e s u l t i n g  in  

an e s t a b l i s h e d  d ia g n o s i s  o f  PD. F or u n i f o r m i ty  and  e a s e  o f  

a v a i l a b i l i t y ,  o n ly  p a t i e n t s  w ith  i d i o p a t h i c  PD w ere  t e s t e d .

(2) S t a b i l i z e d  m e d ic a tio n  fo r  PD symptoms o v e r th e  p a s t  two 

m o n th s . M e d ic a t io n  was n o t a l t e r e d  f o r  th e  p u rp o s e s  o f  t h i s  

s tu d y .

(3) A b i l i t y  t o  com prehend i n s t r u c t i o n s  and re sp o n d  a p p r o p r i a t e l y  

to  t a s k s .

F o u r p a t i e n t s  who w ere  s c r e e n e d  d id  n o t  m eet t h e s e  c r i t e r i a  and  w ere 

n o t  in c lu d e d  i n  t h e  s tu d y .

N in e  c o n t r o l 8 w ere s e l e c t e d  a c c o rd in g  t o  th e  fo l lo w in g  c r i t e r i a :

(1) No h i s t o r y  o r  s ig n s  o f  n e u r o lo g ic  o r  p s y c h i a t r i c  d i s o r d e r  upon 

e x a m in a tio n .

(2) No m e d ic a t io n s  t h a t  c o u ld  a f f e c t  i n t e l l e c t u a l  f u n c t i o n .

(3) A p p ro x im ate  m a td i in g  o f  age  and e d u c a t io n  t o  th o s e  o f  PD 

p a t i e n t s .

A l l  s u b j e c t s  w ere v o l u n t e e r s ,  and  w ere  p ro v id e d  w i th  and  s ig n e d  a 

s ta te m e n t  o f  in fo rm ed  c o n s e n t .  A l l  s u b j e c t s  w ere  E n g l i s h  s p e a k in g  and  

none had a  h i s t o r y  o r  s ig n s  o f  d e m e n tia  a c c o rd in g  t o  DSM -III c r i t e r i a  

upon n e u r o lo g ic  e v a lu a t io n  o r  n e u r o p s y c h o lo g ic a l  t e s t i n g .  T h ese  

c r i t e r i a  in c lu d e  a  l o s s  o f  i n t e l l e c t u a l  a b i l i t i e s  o f  s u f f i c i e n t  s e v e r i t y
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t o  i n t e r f e r e  w ith  s o c i a l  o r  o c c u p a t io n a l  f u n c t i o n i n g ,  memory im p a irm en t 

and some o th e r  d i s tu r b a n c e  o f  h ig h e r  c o r t i c a l  f u n c t io n .  A sim m ary o f  

d em o g rap h ic  c h a r a c t e r i s t i c s  o f  p a t i e n t s  i s  g iv e n  in  T a b le  2 and 

A p p en d ix  A.

P ro c e d u re

A l l  t e s t s  and a s s e s s m e n ts  w ere p e rfo rm ed  on a  s i n g l e  day  u nder 

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

p s y c h i a t r i c ,  and  n e u r o p s y c h o lo g ic a l  t e s t i n g ,  and th e  t r a c i n g  t a s k .

N e u ro lo g ic  A s s e s a n e n t . A l l  s u b j e c t s  w ere exam ined  by t h e  same 

n e u r o l o g i s t .  The n e u r o lo g i s t  had no know ledge o f  s u b j e c t  p e rfo rm an c e  o r 

o th e r  a s p e c t s  o f  th e  s tu d y .  F o r th e  p a t i e n t s ,  t h e  C oltxnb ia  U n iv e r s i t y  

P a r k in s o n  D is e a s e  E v a lu a t io n  was u sed  t o  r a t e  s ig n s  and sym ptoms o f  PD. 

E ach  s ig n  and symptom i s  r a t e d  a c c o rd in g  to  d e f in e d  c r i t e r i a  from  0 t o  4 

(0  “  a b s e n c e ;  4 * g r e a t e s t  s e v e r i t y ) .  For trem o r and r i g i d i t y ,  ea ch  

e x t r e m i ty  i s  r a t e d .  The e v a lu a t io n  form  and c r i t e r i a  a r e  in c lu d e d  in  

A p p en d ix  B. PD e v a lu a t io n  s c o r e s  and d u r a t io n  o f  i l l n e s s  a r e  in c lu d e d  in  

A ppend ix  C. C o n tro l  s u b j e c t s  w ere e v a lu a te d  and in te r v ie w e d  t o  e n s u re  

th e  ab se n c e  o f  h i s t o r y ,  s i g n s  o r symptoms o f  n e u r o lo g ic  d i s o r d e r .

P s y c h i a t r i c  A s s e s a n e n t . The Beck D e p re s s io n  I n v e n to r y  (BDI) was 

u s e d  t o  r a t e  d e p r e s s io n  (B eck , W ard, M en d e lso n , Mock & E rb a u g h , 1 9 6 1 ) . 

T h i s  i s  a  s e l f  r e p o r t  i n s t r i s n e n t  i n  w h ich  th e  s u b j e c t ,  i n  th e  p r e s e n c e  o f  

th e  e x a m in e r ,  d e n ie s  o r a f f i r m s  to  v a r io u s  d e g re e s  21 s ta te m e n ts  

a s s o c i a t e d  w ith  symptoms o f  d e p r e s s io n .  BDI s c o r e s  a r e  in c lu d e d  i n  

A p p en d ix  A.

N e u ro p s y c h o lo g ic a l  T e s t i n g . The fo l lo w in g  t e s t s  w ere  a d m in is ­

t e r e d :
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(1) M o d if ie d  M in i-M en ta l S t a t u s  E x a m in a tio n  (M IS). T h is  i s  a

v e r s io n  o f  th e  M in i-m e n ta l  S t a t u s  E x am in a tio n  ( F o l s t e i n ,  

F o l s t e i n  6 McHugh, 1 9 7 5 ), a s  m o d if ie d  by Mayeux e t  a l .  

(1 9 8 1 a ) . M o d i f ic a t io n s  in c lu d e  th e  f o l lo w in g  i te m s :  d i g i t

sp a n  (fo rw a rd  and  b a c k w a rd ); r e c a l l  o f  p r e s e n t  and fo u r  

p r e v io u s  p r e s id e n t s  o f  t h e  U .S . ;  nam ing to  c o n f r o n t a t i o n  o f  

t e n  p i c t u r e d  o b j e c t s  from  th e  B o s to n  Naming T e s t  (K ap lan , 

G o o d g la ss  & H e in t r a u b ,  1 9 7 6 ); a  sec o n d  s e n te n c e  f o r  v e r b a l  

r e p e t i t i o n ;  co p y in g  tw o p i c t u r e  d e s ig n s .  T h ese  m o d i f i c a t io n s  

w ere  in c lu d e d  to  b ro a d e n  th e  d e p th  o f  th e  a s s e s a n e n t  and 

e v a lu a t e  la n g u a g e  m ore a d e q u a te ly .  The m o d if ie d  MMS can  be 

d iv id e d  i n t o  s u b t e s t s  r e p r e s e n t in g  d i f f e r e n t  a s p e c t s  o f  

i n t e l l e c t u a l  f u n c t i o n .  We have fo u n d  th e  m o d if ie d  MMS to  be a 

u s e f u l  m easu re  o f  i n t e l l e c t u a l  f u n c t io n  i n  PD (Mayeux e t  a l . ,  

1981a; M ayeux, S t e r n ,  Rosen t B en so n , 1 9 8 1 b ). Maximus s c o re  

i s  57 and a  s c o r e  o f  25 o r  m ore was r e q u i r e d  to  c o n t in u e  in  

t h i s  s tu d y ;  p r e l im in a r y  i n v e s t i g a t i o n  s u g g e s t s  t h a t  a  s c o r e  

below  25 s u g g e s ts  a  g lo b a l  d em en tin g  p r o c e s s .  M o d if ie d  MMS 

s c o r e s  a r e  in c lu d e d  in  A ppend ix  A. A copy o f  th e  m o d if ie d  MMS 

i s  in c lu d e d  a s  A ppend ix  D.

(2) The R osen D raw ing T e s t  (R osen , 1 9 8 1 ). I n  t h i s  t e s t  th e  s u b j e c t  

c o p ie s  15 d e s ig n s  o f  i n c r e a s i n g  c o m p le x i ty .  D e s ig n s  w ere  

s e l e c t e d  to  t e s t  d i f f e r e n t  l e v e l s  o f  s p a t i a l  r e p r e s e n t a t i o n  

r a n g in g  from  to p o g ra p h ic  t o  E u c l id e a n  t o  p e r s p e c t i v e .  A copy  

o f  th e  R osen D raw ing  T e s t  i s  in c lu d e d  a s  A p p en d ix  E.
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T ra c in g  T a s k . The f o l lo w in g  t r a c i n g  t a s k ,  b a se d  on  t h a t  o f  

F lo w ers  (1978b) and  s i m i l a r  t o  t h a t  o f  S te r n  e t  a l .  ( i n  p r e s s ) ,  was 

a d m in is te r e d .

(1) A p p a ra tu s . The t r a c i n g  a p p a r a tu s  c o n s i s t e d  o f  a c l e a r  s c r e e n  

(4 f e e t  x 4 f e e t )  m ounted p e r p e n d ic u la r  t o  a  t e s t i n g  t a b l e .  

P a th s  draw n on c l e a r  p l a s t i c  w ere  a f f i x e d  t o  th e  s c r e e n  

(F ig u re  2 ) .  The l i n e s  o f  th e  p a th s  w ere  .7 9  mm w id e . As 

b e f o r e ,  P a th  3 c o n s i s t e d  o f  2 e n d p o in ts  w hich s u b j e c t s  

c o n n e c te d  i n  a s t r a i g h t  l i n e .  P a th s  4 -7  w ere  t h e  same 

s a w to o th  p a t t e r n s ,  and  P a th s  5 -7  had  p r o g r e s s i v e l y  i n c r e a s i n g  

d e l e t i o n s .  T he s u b j e c t  t r a c e d  th e  p a th s  by m oving a  s t y l u s  

a lo n g  o n e  s i d e  o f  th e  s c r e e n .

M ounted on th e  t r a c i n g  s c r e e n  was an "L" sh ap ed  

m icrophone a r r a y  o f  a  s o n ic  d i g i t i z e r  ( S c i e n t i f i c  A c c e s s o r ie s  

C o rp o ra t io n  G P6-25H ). T h is  a r r a y  was c o n n e c te d  t o  th e  

d i g i t i z i n g  u n i t .  T he s t y l u s  t h a t  i s  moved a lo n g  th e  p a t t e r n s  

d u r in g  t r a c i n g  was a l s o  c o n n e c te d  t o  th e  d i g i t i z i n g  u n i t .  

T h is  s t y l u s  e m i t te d  a  n o is e  t h a t  was p ic k e d  up by th e  

m icro p h o n e a r r a y  and  tra n s fo rm e d  t o  th e  d i g i t i z i n g  u n i t .  The 

d i g i t i z i n g  u n i t  c o n v e r te d  t h i s  s o n ic  in f o r m a t io n  i n t o  a 

C a r t e s i a n ,  X-Y c o o r d in a te  t h a t  d e s c r ib e s  th e  p o s i t i o n  o f  th e  

s t y l u s  a t  t h a t  p o i n t  i n  tim e  a c c u r a te  t o  w i th in  .0 1  cm. T h ese  

c o o r d in a te s  w ere g e n e ra te d  a p p ro x im a te ly  100 t im e s  p e r  s e c o n d . 

The in fo rm a t io n  was t r a n s m i t t e d  f o r  s t o r a g e  t o  a  d i g i t a l  d i s c  

r e c o r d e r  (S ykes ComStor 1) and  l a t e r  t r a n s f e r r e d  t o  a  com puter



28

( D i g i t a l  MINC-11) f o r  a n a l y s i s .  D i g i t i z i n g  e q u ip m en t i s  

f u r t h e r  d e s c r ib e d  i n  A ppendix  P.

(2) P ro c e d u re . The s u b j e c t  was p r e s e n te d  w ith  p a t t e r n s  i n  th e  

same se q u e n c e  shown i n  F ig u r e  1 , e x c e p t  t h a t  p a t t e r n  2 was n o t 

in c lu d e d  in  o rd e r  t o  c r e a t e  a  more s t r a i g h t f o r w a r d  r e l a t i o n  

betw een  co m p le te  p a t t e r n s  and th o s e  w ith  m is s in g  se g m e n ts .  

The s u b j e c t  was i n s t r u c t e d  t o  t r a c e  th e  p a t t e r n  w i th  th e  

s t y l u s  s t a r t i n g  from  th e  r i g h t  s i d e ,  and a t  t h e  end o f  th e  

p a t t e r n ,  r e t u r n  t o  th e  s t a r t i n g  p o i n t .  L e f t  hand p e rfo rm an c e  

fo l lo w e d  r i g h t .  On p a t t e r n s  w ith  d e l e t e d  s e g n e n t s ,  th e  

s u b j e c t  m s  i n s t r u c t e d  t o  a t te m p t  t o  t r a c e  th e  p a t t e r n  f i l l i n g  

i n  th e  m is s in g  s e g n e n ts .

(3) A n a ly s is  o f  t r a c i n g  p e r fo rm a n c e . A s e r i e s  o f  com puter 

p ro g ram s w ere  w r i t t e n  i n  BASIC to  a n a ly z e  t r a c i n g  p e r fo rm a n c e . 

P r i n t o u t s  and d o c u m e n ta tio n  f o r  th e s e  p ro g ram s can  be fo u n d  in  

A ppend ix  F . Two a s p e c t s  o f  t r a c i n g  p e r fo rm a n c e , t r a c i n g  

a c c u ra c y  and v e l o c i t y ,  w ere  q u a n t i f i e d .

T ra c in g  a c c u ra c y  was m easu red  i n  tw o w ays: (1) A re a  E r r o r .

Com puter p a rad ig m s c o n t r a s te d  th e  s t y l u s  p o s i t i o n  a t  each  p o in t  w ith  th e  

p o s i t i o n  o f  th e  c l o s e s t  p o i n t  on th e  p a t t e r n .  The a r e a  b e tw een  th e  

s u b j e c t ' s  t r a c i n g  movement and th e  p a t t e r n  b e in g  t r a c e d  was c a l c u l a t e d .  

T ra c in g  a c c u ra c y  f o r  a  m is s in g  s e g n e n t  o f  th e  p a t t e r n  c o u ld  be  s e p a r a t e l y  

c a l c u l a t e d  a s  l o s s - o f - f o r m  e r r o r .  (2) P a th  C r o s s in g s . A n o th e r m easu re  

o f  t r a c i n g  a c c u ra c y  was th e  number o f  t im e s  t h e  s u b j e c t  c r o s s e d  th e  p a th
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w h ile  t r a c i n g .  W ith g r e a t e r  a c c u ra c y  t h i s  m easu re  m ig h t be e x p e c te d  t o  

i n c r e a s e ,  s in c e  th e  s u b j e c t  i s  c l o s e r  t o  th e  p a th  and c r o s s e s  i t  more 

o f t e n .

S in c e  p o in t s  a r e  d i g i t i z e d  a t  a  r e g u la r  r a t e ,  th e  v e l o c i t y  o f  

t r a c i n g  movement c o u ld  be c a l c u l a t e d .  V e lo c i ty  was m easu red  in  tw o w ays: 

(1) D i g i t i z e d  P o i n t s . One v e l o c i t y  m easu re  was s im p ly  th e  number o f  

p o in t s  d i g i t i z e d  d u r in g  th e  t r a c i n g  o f  a  s p e c i f i c  e x t e n t  o f  a  p a th .  

Number o f  d i g i t i z e d  p o i n t s  in c r e a s e d  w i th  t r a c i n g  t im e .  (2) V e lo c i ty .  

A n o th e r  v e l o c i t y  m easu re  u sed  a p a r a d ig n  w hich  c a l c u l a t e d  th e  d i s t a n c e  

t r a v e r s e d  from  each  d i g i t i z e d  p o in t  t o  th e  n e x t .  T h o se  p o i n t - t o - p o i n t  

v e l o c i t y  v a lu e s  w ere c o n v e r te d  t o  v a lu e s  r e p r e s e n t i n g  th e  v e l o c i t y  a t  

e a c h  d i g i t i z e d  p o in t  by t a k i n g  th e  mean o f  th e  p o i n t - t o - p o i n t  v e l o c i t i e s  

to w ard  and away from  th e  p o i n t  in  q u e s t io n .

D a ta  A n a ly s is

A l l  t r a c i n g  m easu re s  w ere c a l c u l a t e d  s e p a r a t e l y  f o r  b o th  sw eeps o f  

each  p a th  and f o r  t h e  r i g h t  and l e f t  h an d . A sw eep c o n s i s t e d  o f  t h e  

t r a c i n g  o f  a  p a th  i n  o n e  d i r e c t i o n .  P a th  3 was a n a ly z e d  i n  th e  sam e way 

a s  P a th  1. In  t h e  s a w to o th  p a th s  w ith  d e l e t e d  s e g n e n ts ,  (P a th s  5 -7 ) , 

p e rfo rm a n c e  was q u a n t i f i e d  i n  tw o d i f f e r e n t  w ays. One ap p ro ach  was to  

c a l c u l a t e  t h e  t r a c i n g  m e a su re s  o n ly  f o r  t h e  m is s in g  s e g n e n t s ,  i n  o r d e r  t o  

g e n e r a te  a  p u re  " lo s s - o f - f o r m ” m e a su re . I n  t h i s  c a s e ,  th e  c o r re s p o n d in g  

p o r t i o n s  o f  P a th  4 , t h e  c o m p le te  s a w to o th  p a t h ,  w ere  u sed  a s  a  b a s e l i n e  

f o r  c o m p a r iso n . A seco n d  a p p ro a c h  was t o  q u a n t i f y  p e rfo rm a n c e  f o r  e n t i r e  

sw eeps o f  P a th s  5 - 7 ,  u n d e r t h e  a s s u m p tio n  t h a t  th e  p r e s e n c e  o f  t h e  

m is s in g  segm ent a f f e c t e d  p e rfo rm a n c e  a lo n g  th e  w ho le  sw eep . I n  t h i s  

c a s e ,  th e  e n t i r e  P a th  4 c o u ld  be u se d  a s  a  b a s e l i n e  f o r  c o m p a r iso n .
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The d a ta  a n a ly s i s  i t s e l f  a d d r e s s e d  s e v e r a l  q u e s t i o n s .  P r e l im in a r y  

q u e s t io n s  in c lu d e d  e v a lu a t in g  p o s s i b l e  d i f f e r e n c e s  betw een  l e f t  and 

r i g h t  hand p e r  form  an oe and p e r fo rm a n c e  on sweep 1 and sw eep 2 o f  e a c h  

p a t t e r n .  Thee i s s u e s  w ere a d d re s s e d  u s in g  t - t e s t s  f o r  r e p e a te d  

m e a su re s . A n o th e r p r e l im in a r y  a n a l y s i s  i n v e s t i g a t e d  th e  r e l a t i o n s h i p

betw een  t r a c i n g  v e l o c i t y  and t r a c i n g  a c c u ra c y .  T h is  r e l a t i o n s h i p  was

t e s t e d  u s in g  c o r r e l a t i o n s .

A m ajo r t h r u s t  o f  th e  d a t a  a n a l y s i s  was t o  com pare p e rfo rm a n c e  o f  PD 

and c o n t r o l  g ro u p s  on th e  t r a c i n g  t a s k .  T h is  was done s e p a r a t e l y  f o r  

ea ch  t r a c i n g  m easu re  i n  each  sw eep  i n  th e  s t r a i g h t  l i n e  p a th s  (P a th s  1 

and 3 ) ,  and th e  sa w to o th  p a th s  (P a th s  4 - 7 ) .  I n  b o th  c a s e s ,  r e p e a te d  

m e a su re s  ANOVA's w ere u sed  t o  e v a lu a t e  ch a n g e s  i n  each  t r a c i n g  m easu re  a s  

s e g n e n ts  o f  th e  p a th s  w ere d e l e t e d .  I n  t h e  s t r a i g h t  l i n e  a n a ly s e s ,  

e f f e c t s  i n  th e  ANOVA in c lu d e d  P a th  (P a th  1 v s .  3 ) ,  G roup (PD v s .  

c o n t r o l ) ,  Hand (R ig h t v s .  L e f t ) ,  and  th e  a p r o p r i a t e  i n t e r a c t i o n s  o f

th e s e  e f f e c t s .

Two s i m i l a r  a n a ly s e s  w ere c a r r i e d  o u t  f o r  m e a su re s  o f  t r a c i n g

p e rfo rm a n c e  i n  t h e  sa w to o th  p a th s .  I n  t h e  f i r s t ,  s e p a r a t e  ANCVA's 

com pared  m easu re  f a r  m is s in g  seg m en ts  o f  each  o f  P a th s  5 -7  t o  th e

c o r re s p o n d in g  s e g n e n t  o f  P a th  4 . T h is  co m p ariso n  i s  a  l o g i c a l  way t o  

exam ine th e  e f f e c t s  o f  d e l e t i n g  s e g m e n ts ,  b u t  o b s e r v a t io n s  i n  p i l o t  work 

s u g g e s te d  t h a t  i t  may o b s c u re  im p o r ta n t  a s p e c t s  o f  t h e  e f f e c t s  o f

d e l e t i n g  seg m en ts  on t r a c i n g .  I t  was n o te d  t h a t  n o t o n ly  was t r a c i n g  o f  

th e  d e l e t e d  s e g n e n t  a f f e c t e d  b u t t h a t  o f  t h e  re m a in d e r  o f  th e  p a th .  T h is  

o c c u r re d  i n  d i f f e r e n t  s u b j e c t s  f o r  v a r io u s  r e a s o n s :  (1) s u b j e c t s

a d ju s t e d  o r  s low ed  t h e i r  t r a c i n g  m ovem ents b e f o r e  e n t e r i n g  th e  m is s in g

se g m e n ts , (2) s u b j e c t s  p au se d  p r i o r  t o  b e g in n in g  t o  t r a c e  th e  m is s in g
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s e g n e n ts ,  (3) w h i le  s u b j e c t s  c o n c e n t r a te d  on f i l l i n g  i n  m is s in g  

se g m e n ts , p e rfo rm a n c e  on re m a in in g  p o r t i o n s  was n o t a s  c a r e f u l l y  

e x e c u te d ,  and (4) when f i l l i n g  i n  m is s in g  s e g n e n ts  i n c o r r e c t l y ,  s u b j e c t s

o f t e n  c o u ld  n o t r e j o i n  th e  p a th  i n  a way t h a t  w ould a l lo w  them  c o n t in u e

t r a c i n g  i t  a c c u r a t e l y .  W h ile  none o f  t h e s e  e v e n ts  o c c u r r e d

c o n s i s t e n t l y ,  th e y  d id  s u g g e s t  t h a t  when e v a lu a t in g  p e rfo rm a n c e  o n ly  i n  

th e  d e l e t e d  s e g n e n t  i t s e l f ,  in fo rm a t io n  a b o u t th e  e f f e c t s  o f  d e l e t i n g  

seg m en ts  on t r a c i n g  p e rfo rm a n c e  c o u ld  be m is s e d . T h e r e f o r e ,  a  sec o n d  

a n a ly s i s  com pared t h e  t r a c i n g  p e r fo rm a n c e  m easu re s  o f  e n t i r e  sw eeps o f  

P a th s  4 -7 .  T h is  a n a ly s i s  a l s o  a llo w e d  a l l  fo u r  p a th s  t o  be com pared a t  

o n c e ,  w h ich  was n o t p o s s i b l e  i n  t h e  f i r s t  ty p e  o f  a n a l y s i s  s i n c e

d i f f e r e n t  seg m en ts  w ere d e l e t e d  i n  each  p a th .  I n  t h i s  w ay, t r e n d s  i n  

p e rfo rm a n c e  c o u ld  be exam ined  a s  p r o g r e s s i v e l y  i n c r e a s i n g  d e l e t i o n s  i n  

t h e  s a w to o th  p a th  w ere  m ade. I n  b o th  s t r a i g h t  l i n e  and s a w to o th  p a th  

a n a ly s e s ,  th e  e x p e r im e n ta l  h y p o th e s i s  p r e d i c t e d  G roup X P a th

i n t e r a c t i o n s ,  r e f l e c t i n g  i n c r e a s i n g  e r r o r  by th e  p a t i e n t s  a s  m ore o f  th e  

p a th  was d e l e t e d .

A n a ly s is  th e n  fo c u se d  on th e  r e l a t i o n  betw een  t r a c i n g  p e rfo rm an c e  

and p e r fo rm a n c e  on c o g n i t i v e  t e s t s .  T h is  i s  a  c e n t r a l  i s s u e  i n  t h i s  

s t u d y ,  s i n c e  i t  i s  h y p o th e s iz e d  t h a t  a s p e c t s  o f  t r a c i n g  p e rfo rm a n c e  and 

p e r fo rm a n c e  on  t e s t s  s u c h  a s  c o n s t r u c t i o n  s h o u ld  b o th  be a f f e c t e d  by a 

p e r c e p tu a l  m otor d e f i c i t  i n  p a t i e n t s  w ith  PD. T h is  r e l a t i o n s h i p  was 

i n v e s t i g a t e d  w ith  c o r r e l a t i o n s .

F i n a l l y ,  th e  r e l a t i o n  betw een  t r a c i n g  p e rfo rm a n c e  and m e a su re s  o f 

PD s e v e r i t y  was e x p lo re d  u s in g  c o r r e l a t i o n s .
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RESULTS

P a rk in s o n ia n s  w ere s i g n i f i c a n t l y  younger and b e t t e r  e d u c a te d  th a n  

c o n t r o l s ,  w ith  th e  a v e ra g e  age and y e a r s  o f  e d u c a t io n  6 0 .5  and 1 3 .2 ,  

r e s p e c t ! v l e y ,  i n  th e  PD g ro u p , and 67 and  1 1 .2  i n  th e  c o n t r o l  g ro u p . 

S in c e  ag e  and e d u c a t io n  a f f e c t  p e r fo rm a n c e  on c o g n i t i v e  t e s t s ,  i t  w ould 

be  e x p e c te d  t h a t  MIS and R osen D raw ing T e s t  s c o r e s  w ould be h ig h e r  i n  th e  

PD g ro u p . H ow ever, s c o r e s  on th e s e  t e s t s  w ere co m p a rab le  i n  th e  tw o 

g ro u p s ,  w i th  PD p a t i e n t s  a v e ra g in g  5 0 .7  and  1 1 .1  on  th e  MMS and  R o sen , 

r e s p e c t i v e l y ,  and th e  c o n t r o l  g ro u p  a v e ra g in g  5 3 .2  and 1 2 .5 ,  

r e s p e c t i v e l y  ( s e e  T a b le  2 ) .  S in c e  age and l e v e l  o f  e d u c a t io n  have been  

fo u n d  in  th e  p a s t  to  be  r e l a t e d  to  p e r fo rm a n c e  on  t h e s e  t e s t s  (Mayeux e t  

a l . ,  1 9 8 1 ), i t  i s  p o s s i b l e  t h a t  i f  c o n t r o l s  and p a r k in s o n ia n s  w ere m ore 

c l o s e l y  m atch ed  f o r  ag e  and e d u c a t io n ,  c o n t r o l s  w ould have p e rfo rm e d  

s i g n i f i c a n t l y  b e t t e r  on th e  MMS and R o sen . A l t e r n a t i v e l y ,  i t  i s  u s e f u l  

to  have th e  g ro u p s  m atch ed  f o r  p e rfo rm a n c e  on t h e s e  t a s k s  i n  o rd e r  t o  

d e m o n s tra te  r e l a t i v e  d e f i c i t s  i n  th e  t r a c i n g  t a s k  i n  th e  f a c e  o f  

co m p arab le  p e r fo rm a n c e  on th e s e  p ap e r and p e n c i l  t a s k s .

S in c e  d e p r e s s io n  i s  oonmon i n  PD, i t  was im p o r ta n t  t o  com pare th e  

s e v e r i t y  o f  d e p r e s s io n  in  t h e  two g ro u p s .  W h ile  th e  a v e ra g e  B eck 

D e p re s s io n  I n v e n to r y  s c o r e  was h ig h e r  i n  th e  PD g ro u p  (PD * 7 .9 ;  

c o n t r o l  -  3 . 8 ) ,  t h e  s c o r e s  d id  n o t d i f f e r  s i g n i f i c a n t l y  ( s e e  T a b le  2 ) .  

T h u s , i t  can  be assisned  t h a t  d e p r e s s io n  d id  n o t  p la y  a  m ajo r r o l e  i n  

in te r g r o u p  d i f f e r e n c e s  i n  p e r fo rm a n c e .
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P r e l im in a r y  A n a ly s e s

R ig h t  v s .  l e f t  hand and  f i r s t  v s .  sec o n d  sw eep p e rfo rm an c e

S in c e  a l l  p a th s  w ere  t r a c e d  f o r  tw o sw eeps and w ith  b o th  l e f t  and 

r i g h t  h a n d s , e r r o r  and v e l o c i t y  m easu re s  w ere com pared f o r  d i f f e r e n c e s  

b e tw een  th e  f i r s t  and sec o n d  sw eep , and b e tw een  l e f t  and r i g h t  hand 

p e r fo rm a n c e . T h ese  co m p a riso n s  w ere done w ith  t - t e s t s  f o r  r e p e a te d  

m easu re s  and c a l c u l a t e d  s e p a r a t e l y  f o r  ea ch  p a th .  In  co m p arin g  r i g h t  and  

l e f t  hand p e r fo rm a n c e , t h e r e  w ere no s i g n i f i c a n t  d i f f e r e n c e s  b etw een  any  

p e r fo rm a n c e  m easu re  on any p a th .  H ow ever, t h e r e  w e re  s i g n i f i c a n t  

d i f f e r e n c e s  betw een  p e rfo rm an c e  on  th e  f i r s t  and seco n d  sw eeps i n  a lm o s t 

e v e ry  c a s e .  T h e r e f o r e ,  in  c o r r e l a t i o n  a n a ly s e s  i n v e s t i g a t i n g  t h e  

i n t e r r e l a t i o n s h i p  o f  v a r i a b l e s  i n  a s i n g l e  p a th ,  l e f t  and r i g h t  

p e r fo rm a n c e  w ere com bined w h ile  f i r s t  and sec o n d  sw eep p e r fo rm a n c e  was 

a n a ly z e d  s e p a r a t e l y .  L e f t -  and r i g h t - h a n d  p e rfo rm an c e  was c o l l a p s e d  f o r  

c o r r e l a t i o n a l  a n a ly s e s  d e s p i t e  o c c a s io n a l  s i g n i f i c a n t  Hand e f f e c t s  i n  

th e  re p e a te d -m e a s u re s  ANCVA' s . The j u s t i f i c a t i o n  f o r  t h i s  i s  t h a t  

r i g h t -  and l e f t - h a n d  p e r fo rm a n c e  was com bined on th e  b a s i s  o f  l a c k  o f  

s i g n i f i c a n t  d i f f e r e n c e s  betw een  l e f t -  and r i g h t - h a n d  p e rfo rm a n c e  w i th in  

p e r fo rm a n c e  on a  p a r t i c u l a r  p a th  and c o r r e l a t i o n a l  a n a ly s e s  w ere a l s o  

o n ly  c a l c u l a t e d  f o r  one p a th  a t  a  t im e .  The Hand e f f e c t  i n  th e  ANOVA's 

a s s e s s e s  com bined  r i g h t -  and  l e f t - h a n d  p e rfo rm a n c e  d i f f e r e n c e  a c r o s s  tw o 

o r  m ore p a t h s ,  a  d i f f e r e n t  ty p e  o f  c o m p a riso n .

R e la t io n  b e tw een  t r a c i n g  e r r o r  and v e l o c i t y

S tu d ie s  o f  b a l l i s t i c  movement have shown r e l a t i o n s h i p s  b e tw een  

v e l o c i t y  and  a c c u ra c y  o f  m ovem ent. W h ile  m ovem ents i n  th e  t r a c i n g  t a s k  

w ere  s lo w e r and w ould n o t be c o n s id e r e d  b a l l i s t i c ,  i t  was e x p e c te d  t h a t  a 

s i m i l a r  r e l a t i o n s h i p  w ould  e x i s t .  I n  b o th  PD and c o n t r o l  g ro u p s ,  t h e r e
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w ere some s i g n i f i c a n t  c o r r e l a t i o n s  betw een  v e l o c i t y  m e a su re s  ( v e lo c i ty  

and  d i g i t i z e d  p o in t s )  and  t r a c i n g  e r r o r  m easu re s  ( a r e a  and p a th  

c r o s s i n g s ) .  S i g n i f i c a n t  c o r r e l a t i o n s  a r e  p r e s e n te d  i n  T a b le s  3 and 4 

f o r  c o n t r o l s  and p a t i e n t s  r e s p e c t i v e l y .  T h ese  c o r r e l a t i o n s  i n d i c a t e  

t h a t  th e  a s p e c t s  o f  t r a c i n g  movement m easu red  i n  t h i s  s tu d y  can  y i e l d  

i n t e r r e l a t i o n s h i p s  t h a t  a r e  s i m i l a r  t o  th o s e  se e n  i n  o th e r  s t u d i e s  o f 

m ovem ent.

S in c e  v e l o c i t y  and  t r a c i n g  e r r o r  d id  i n t e r c o r r e l a t e ,  in c r e a s e d  

t r a c i n g  e r r o r  m ig h t i n  some c a s e s  be a t t r i b u t a b l e  t o  an i n c r e a s e  i n  th e  

sp ee d  o f  t r a c i n g .  B ecau se  th e  e x p e r im e n ta l  h y p o th e s i s  p r e d i c t s  g r e a t e r  

t r a c i n g  e r r o r  i n  t h e  PD g ro u p , i t  i s  im p o r ta n t  t o  e v a lu a t e  t h e  

p o s s i b i l i t y  t h a t  t h i s  d i f f e r e n c e  i s  due o n ly  t o  in c r e a s e d  t r a c i n g  sp eed  

i n  t h a t  g ro u p . T h is  m ig h t i n  t u r n  s u g g e s t  t h t  th e  p a t i e n t s  make g r e a t e r  

t r a c i n g  e r r o r  o n ly  b e c a u se  th e y  h av e  d i f f i c u l t y  m o d u la t in g  th e  sp ee d  o f  

t h e i r  t r a c i n g  m ovem ent. T h is  p o s s i b i l i t y  can  be e x c lu d e d ,  h o w ev er, 

s in c e  a  g ro u p  d i f f e r e n c e  i n  v e l o c i t y  e x i s t e d  i n  o n ly  o n e  c a s e ,  th e  ANOVA 

com paring  P a th  1 t o  P a th  3 p e r fo rm a n c e  i n  t h e  f i r s t  sw eep (S ee  T a b le  5 

and  F ig u r e  4 ) .  F u r t h e r ,  i n  t h a t  c a s e  th e  g ro u p  d i f f e r e n c e  was s e e n  o n ly  

i n  th e  d i g i t z e d  p o i n t s  m easu re  o f  v e l o c i t y ,  w hich  d id  n o t c o r r e l a t e  w ith  

t r a c i n g  a c c u ra c y  i n  th e  PD g ro u p .

C om parison  o f  T ra c in g  P e rfo rm a n c e  i n  PD and  C o n tro l  G roups

V a r io u s  a s p e c t s  o f  t r a c i n g  p e rfo rm a n c e  in  p a r k in s o n ia n s  and 

c o n t r o l s  w ere e v a lu a te d  u s in g  r e p e a te d  m easu re  a n a ly s i s  o f  v a r ia n c e .  

T h re e  m ain e f f e c t s  and t h e i r  i n t e r a c t i o n s  w ere  in c lu d e d :  G roup , H and,

and P a th .  S t r a i g h t  l i n e  and s a w to o th  p a th s  w ere a n a ly z e d  s e p a r a t e l y ,  and  

s e p a r a t e  a n a ly s e s  w ere p e rfo rm e d  f o r  sweep 1 and sw eep 2 .
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S t r a i g h t  l i n e  a n a ly s e s .  P a th  1 v s .  P a th  3

S i g n i f i c a n t  f a c t o r s  f o r  ea ch  p e rfo rm a n c e  v a r i a b l e  a r e  sum m arized  i n  

T a b le  5 and  i l l u s t r a t e d  i n  F ig u r e s  3 and  4 .

F o r th e  a r e a  m easu rem en t o f  t r a c i n g  e r r o r  i n  sw eep 1 , th e  p a t i e n t s '  

mean e r r o r  was 1 6 .7  and  3 5 .1 3  i n  P a th s  1 and  3 r e s p e c t i v e l y ,  w h i le  

c o n t r o l s '  mean e r r o r  was 5 .7 9  and 1 7 .1 3  r e s p e c t i v e l y .  G ro u p , P a th  and 

G roup X P a th  i n t e r a c t i o n  e f f e c t s  w ere s i g n i f i c a n t .  P o e t  hoc  a n a l y s i s  

showed a  s i g n i f i c a n t  d e c l i n e  in  p e rfo rm a n c e  ( i . e . ,  i n c r e a s e  i n  a r e a  

m easu re ) from  P a th  1 t o  3 o n ly  i n  th e  PD g ro u p  (p  < . 0 5 ) .  T h is  a c c o u n ts  

f o r  th e  s i g n i f i c a n t  i n t e r a c t i o n  e f f e c t .  The g ro u p  e f f e c t  i n d i c a t e s  

p o o re r  p e rfo rm a n c e  in  th e  PD g ro u p  i n  g e n e r a l  ( s e e  F ig u r e  2 ) .

F o r th e  a r e a  e r r o r  m easu rem en t o f  t r a c i n g  e r r o r  i n  sw eep 2 , 

p a t i e n t s '  mean e r r o r  was 1 9 .1  and  3 6 .9  w h ile  c o n t r o l s '  was 6 .3  and  1 7 .9  

i n  P a th s  1 and 3 r e s p e c t i v e l y .  O n ly  G roup and P a th  e f f e c t s  w ere

s i g n i f i c a n t ,  b u t  n o t th e  i n t e r a c t i o n  e f f e c t .  The G roup e f f e c t  i n d i c a t e s  

p o o re r  p e rfo rm a n c e  by th e  PD g ro u p  ( s e e  F ig u r e  3 ) .  T he P a th  e f f e c t  

i n d i c a t e s  t h a t  com bined p a t i e n t  and c o n t r o l  p e rfo rm a n c e  was w o rse  i n  

P a th  3.

P a t i e n t s  c r o s s e d  th e  P a th  a mean o f  8 .1 3  and  2 .7  t im e s ,  and  c o n t r o l s  

3 9 .6 9  and 1 6 .0  t im e s  i n  sw eep 1 a t  P a th s  1 and 3 r e s p e c t i v e l y .  F o u r 

e f f e c t s  w ere s i g n i f i c a n t :  G roup , P a th ,  G roup X P a th ,  an d  G roup X H and.

T he G roup X Hand i n t e r a c t i o n  e f f e c t  was d u e  t o  t h e  s i g n i f i c a n t  ch an g e  in  

p a th  c r o s s in g s  i n  th e  o o n t r o l  g ro u p  from  P a th  1 t o  3 (p <  .0 5 ) a s  com pared 

t o  th e  n o n s i g n i f i c a n t  ch an g e  i n  t h e  PD g ro u p . T he G roup X Hand e f f e c t  

was due t o  a  s i g n i f i c a n t  d i f f e r e n c e  i n  l e f t -  and r i g h t - h a n d  p e rfo rm a n c e  

i n  th e  c o n t r o l  b u t n o t  i n  th e  PD g ro u p  (p <  .0 5 ) .  B o th  o f  t h e s e  

i n t e r a c t i o n  e f f e c t s  a r e  p ro b a b ly  due t o  th e  n a tu r e  o f  th e  p a th  c r o s s in g s
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m e a su re . F ig u r e  5 d e m o n s tr a te s  t h a t  t r a c i n g  p e r fo rm a n c e  m ust b e  

r e l a t i v e l y  a c c u r a te  f o r  p a th  c r o s s in g s  t o  o c c u r .  A s l i g h t  i n c r e a s e  i n  

a r e a  e r r o r  r e s u l t s  i n  a  m in im tn  number o f  p a th  c r o s s i n g s .  I n  th e  p a t i e n t  

g ro u p  t h e r e  was a  f l o o r  e f f e c t ,  w i th  p e rfo rm an c e  poor enough i n  P a th  1 

t h a t  t h e r e  w ere  few p a th  c r o s s i n g s .  I n  P a th  3 , p a t i e n t s '  t r a c i n g  

p e rfo rm a n c e  was p o o re r  th a n  i n  P a th  1 a s  m easu red  by a r e a  e r r o r ,  b u t  t h i s  

d e c l in e  c o u ld  n o t be r e f l e c t e d  i n  th e  p a th  c r o s s i n g  m e a s u re .

S i m i l a r l y ,  i n  sw eep  2 o f  P a th s  1 and  3 , mean p a th  c r o s s in g s  i n  th e  

PD g ro u p  was 6 .0 4  and 3 .2 2  and i n  th e  c o n t r o l  g ro u p  3 5 .8 1  and 1 6 .1

r e s p e c t i v e l y .  I n  th e  ANOVA, G ro u p , P a th ,  and  G roup X P a th  e f f e c t s  w ere

s i g n i f i c a n t  and fo l lo w e d  th e  same p a t t e r n  a s  i n  sw eep 1 . S in c e  i t  

a p p e a re d  t h a t  p a th  c r o s s in g s  w ere n o t  a  s e n s i t i v e  m easu re  o f  t r a c i n g  

e r r o r  when e r r o r  i n c r e a s e d ,  t h i s  v a r i a b l e  was n o t a n a ly z e d  i n  th e

s a w to o th  p a th  ANOVA's.

T u rn in g  t o  v e l o c i t y ,  th e  mean v e l o c i t y  i n  th e  p a t i e n t  g ro u p  was 

0 .1 0 4  and 0 .1 2 3 ,  and i n  th e  c o n t r o l s ,  0 .0 6 5  and 0 .1 0 6  i n  sw eep 1 o f  

P a th s  1 and  3 r e s p e c t i v e l y  (F ig u re  4 ) .  O nly  th e  P a th  e f f e c t  was

s i g n i f i c a n t ,  i n d i c a t i n g  a h ig h e r  v e l o c i t y  i n  P a th  3 f o r  th e  com bined PD 

and  c o n t r o l  g ro u p s .  O nly  th e  P a th  e f f e c t  was s i g n i f i c a n t  i n  sw eep 2 a s  

w e l l .  Mean v e l o c i t y  i n  sweep 2 f o r  t h e  PD g ro u p  was 0 .1 1  and 0 .1 3 ,  

and  f o r  th e  c o n t r o l  g ro u p  was 0 .0 7 2  and  0 .1 1 2  i n  P a th s  1 and  3 

r e s p e c t i v e l y .

Mean d i g i t i z e d  p o i n t s  i n  sw eep 1 f o r  th e  PD g ro u p  was 6 7 6 .2  and  

5 2 1 .1 ,  and f o r  th e  c o n t r o l  g ro u p  was 9 8 0 .2  and 6 2 9 .6  f o r  P a th s  1 and 3 

r e s p e c t i v e l y .  T h e re  w ere  s i g n i f i c a n t  G ro u p , P a th  and  Hand e f f e c t s ,  

r e p r e s e n t i n g  m ore r a p id  t r a c i n g  i n  t h e  PD g ro u p , i n  P a th  3 and  w ith  th e  

r i g h t  hand r e s p e c t i v e l y .  I n  sw eep  2 , mean d i g i t i z e d  p o i n t s  i n  th e  PD
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g ro u p  w ere 7 4 3 .6  and 5 2 1 .9 ,  and in  th e  c o n t r o l  g ro u p , 8 2 3 .0  and 5 7 1 .9  i n  

P a th s  1 and  3 r e s p e c t i v e l y .  O nly  th e  P a th  e f f e c t  was s i g n i f i c a n t ,  

i n d i c a t i n g  f a s t e r  t r a c i n g  o v e r a l l  i n  P a th  3 .

T h u s , f o r  th e  two v e l o c i t y  m e a s u re s ,  v e l o c i t y  and  d i g i t i z e d  p o i n t s ,  

th e  P a th  e f f e c t  was s i g n i f i c a n t  i n  a l l  fo u r  c a s e s ,  i n d i c a t i n g  s lo w e r 

t r a c i n g  i n  P a th  3. I n  o n e  c a s e ,  d i g i t i z e d  p o in t s  i n  sw eep  1 , t h e r e  w ere  

a l s o  s i g n i f i c a n t  G roup and Hand e f f e c t s .  S in c e  t h e  two v e l o c i t y  m e a su re s  

p a r a l l e l e d  each  o t h e r ,  o n ly  th e  d i g i t i z e d  p o in t s  m easu re  was used  in  th e  

s a w to o th  a n a ly s e s .

S aw to o th  p a th  a n a ly s e s

A n a ly s i s  o f  p e rfo rm a n c e  s a w to o th  p a th s  was c a r r i e d  o u t  i n  tw o w ay s. 

F i r s t ,  t r a c i n g  p e r fo rm a n c e  m e a su re s  f o r  th e  m is s in g  s e q u e n t  o f  P a th s  5 -7  

w ere i n d i v i d u a l l y  c o n t r a s t e d  w ith  th e  m easu re s  f o r  th e  c o m p arab le  a r e a  

o f  t h e  P a th  4 ,  th e  c o m p le te  s a w to o th  p a th .  Then t r a c i n g  p e rfo rm a n c e  

m e a su re s  f o r  e n t i r e  sw eeps o f  s a w to o th  P a th s  4 -7  w ere  th e n  com pared i n  a  

s i n g l e  r e p e a te d  m e a su re s  a n a ly s i s  o f  v a r ia n c e .  F o r  t h e  r e a s o n s  

e x p la in e d  a b o v e , o n ly  th e  a r e a  m easu re  o f  t r a c i n g  e r r o r  and th e  number o f  

d i g i t i z e d  p o i n t s  m easu re  o f  v e l o c i t y  w ere  u se d  i n  th e s e  a n a ly s e s .

T a b le s  6 -8  and  F ig u r e s  6 -13  s u im a r iz e  th e  s i g n i f i c a n t  e f f e c t s  fo u n d  

i n  th e  f i r s t  ty p e  o f  s a w to o th  a n a l y s i s .  I n  co m p arin g  th e  a r e a  e r r o r  

m easurem ent o f  m is s in g  seg m en ts  in  P a th  5 and  th e  c o r re s p o n d in g  s e c t i o n  

o f  P a th  4 (T a b le  6 , F ig u r e s  6 and 7 ) ,  mean a r e a  e r r o r  i n  sw eep 1 f o r  t h e  

PD g ro u p  was 6 .2 6  and  1 0 .6  and  f o r  th e  c o n t r o l  g ro u p  was 1 .8 7  and  4 .6 7  

f o r  P a th s  4 and 5 r e s p e c t i v e l y  (F ig u re  6 ) .  G roup and P a th  e f f e c t s  w ere  

s i g n i f i c a n t ,  i n d i c a t i n g  g r e a t e r  o v e r a l l  e r r o r  i n  th e  PD g ro u p  and  

g r e a t e r  e r r o r  by b o th  g ro u p s  i n  P a th  5 . I n  sw eep 2 , mean a r e a  e r r o r  f o r  

th e  PD g ro u p  was 7 .6 2  an d  1 4 .0 ,  and  f o r  th e  c o n t r o l s  2 .6 2  and  6 .8  f o r
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P a th s  4 and 5 r e s p e c t i v e l y .  G roup , P a th  and Hand e f f e c t s  w ere

s i g n i f i c a n t ,  i n d i c a t i n g  g r e a t e r  o v e r a l l  e r r o r  i n  th e  PD g ro u p , and 

g r e a t e r  e r r o r  by b o th  g ro u p s  i n  P a th  5 and when u s in g  t h e  l e f t  h an d .

No e f f e c t s  w ere s i g n i f i c a n t  i n  th e  ANOVA's i n v e s t i g a t i n g  d i g i t i z e d  

p o i n t s  i n  sweep 1 o f  P a th s  5 and 6 . I n  sweep 2 t h e r e  was a s i g n i f i c a n t  

Hand e f f e c t ,  i n d i c a t i n g  m ore r a p id  t r a c i n g  w i th  th e  r i g h t  h an d .

In  co m p arin g  a r e a  e r r o r  m easu rem en ts  i n  t h e  m is s in g  s e g n e n t  o f  

P a th  6 and  th e  c o r re s p o n d in g  segm en t o f  P a th  4 (T a b le  7 , F ig u r e s  8 and 

9 ) ,  mean e r r o r  e r r o r  i n  sw eep 1 f o r  t h e  PD g ro u p  was 4 .9 4  and 1 0 .6 ,  and 

f o r  th e  c o n t r o l  g ro u p , 1 .8  and  4 .6 7  fo r  P a th s  4 and  6 r e s p e c t i v e l y .  

T h e re  was a  s i g n i f i c a n t  P a th  e f f e c t ,  i n d i c a t i n g  p o o r p e rfo rm a n c e  by b o th  

g ro u p s  i n  P a th  6 ; no o th e r  e f f e c t s  w ere s i g n i f i c a n t .  In  sw eep  2 , mean 

a r e a  e r r o r  f o r  t h e  PD g ro u p  was 7 .2  and 1 3 .1 5 ,  and  f o r  th e  c o n t r o l  g ro u p  

2 .1 9  and  6 .1  f o r  P a th s  4 and  6 r e s p e c t i v e l y .  G ro u p , P a th ,  an d  Hand 

e f f e c t s  w ere  s i g n i f i c a n t ,  i n d i c a t i n g  p o o re r  o v e r a l l  p e r fo rm a n c e  by  th e  

PD g ro u p  and  p o o re r  p e rfo rm a n c e  by b o th  g ro u p s  on P a th  6 and  w i th  th e  

l e f t  h an d .

No s i g n i f i c a n t  e f f e c t s  w ere fo u n d  fo r  d i g i t i z e d  p o in t s  i n  sw eep 1 

o f  P a th s  4 and 6 b u t i n  sw eep 2 t h e r e  was a  s i g n i f i c a n t  Hand e f f e c t ,  

i n d i c a t i n g  f a s t e r  t r a c i n g  w ith  th e  r i g h t  h an d .

T a b le  8 and  F ig u r e s  10 and 11 p r e s e n t  t h e  s i g n i f i c a n t  e f f e c t s  in  

th e  co m p ariso n  o f  t r a c i n g  p e rfo rm an c e  m easu re s  on th e  m is s in g  seg m en ts  

o f  P a th  7 and th e  c o r re s p o n d in g  s e c t i o n s  o f  P a th  4 . I n  t h e  f i r s t  sw eep , 

mean a r e a  e r r o r  i n  th e  PD g ro u p  was 7 .1 6  and  3 2 .9 6 ,  and  i n  th e  c o n t r o l  

g ro u p  3 .3 2  and 1 4 .2 7  i n  P a th s  4 and 7 r e s p e c t i v e l y .  T h re e  e f f e c t s  w ere  

s i g n i f i c a n t ,  G ro u p , P a th ,  and G roup X P a th .  The G roup X P a th

i n t e r a c t i o n  i s  due  t o  a  s i g n i f i c a n t  i n c r e a s e  i n  e r r o r  i n  t h e  PD g ro u p
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from  P a th  4 t o  P a th  7 (P .0 5 )  w h ile  t h i s  co m p ariso n  i s  n o t  s i g n i f i c a n t  

i n  th e  c o n t r o l  g ro u p . I n  a d d i t i o n ,  o v e r a l l  p e rfo rm an c e  i s  w o rse  i n  th e  

PO g ro u p  and o n  P a th  7 . I n  th e  sec o n d  sw eep , mean a r e a  e r r o r  f o r  t h e  PD 

g ro u p  was 9 .5  an d  3 1 .4 9 , and  fo r  th e  c o n t r o l  g ro u p , 4 .1 5  and  1 9 .3  

r e s p e c t i v e l y .  T h e re  a r e  s i g n i f i c a n t  P a th ,  H and, G roup  X H and, and 

G roup X P a th  X Hand i n t e r a c t i o n s .  P a th  and Hand e f f e c t s  i n d i c a t e  p o o re r  

o v e r a l l  p e r fo rm a n c e  i n  P a th  7 and w ith  t h e  l e f t  h an d . T he G roup X Hand 

i n t e r a c t i o n  i n d i c a t e s  r e l a t i v e l y  p o o re r  p e rfo rm a n c e  by th e  PD g ro u p  w ith  

th e  l e f t  hand ( p < . 0 5 ) ,  and th e  G roup X P a th  X Hand i n t e r a c t i o n  

i n d i c a t e s  a  l a r g e r  d ec rem en t i n  p e rfo rm an c e  by th e  PD g ro u p  from  P a th  4 

t o  P a th  7 , p a r t i c u l a r l y  f o r  l e f t - h a n d  p e r fo rm a n c e . T he l a t e r  

i n t e r a c t i o n s  w ere found  i n  th e  p la c e  o f  th e  G roup an d  G roup X P a th  

i n t e r a c t i o n  e f f e c t  s e e n  i n  sw eep 1 .

I n  th e  v e l o c i t y  a n a ly s e s ,  no e f f e c t s  w ere s i g n i f i c a n t  e x c e p t  f o r  a 

hand e f f e c t  i n  sw eep 2 , i n d i c a t i n g  s lo w e r t r a c i n g  w ith  t h e  l e f t  h an d .

I n  s tan n a ry , th e  f i r s t  ty p e  o f  s a w to o th  a n a l y s i s  fo u n d  t h a t  PD 

p a t i e n t s  had g r e a t e r  t r a c i n g  e r r o r ,  and t h a t  p e r fo rm a n c e  in  b o th  g ro u p s  

d e c r e a s e d  from  P a th  4 t o  any  o f  th e  p a th s  w ith  d e l e t e d  s e g n e n ts .  The 

d e c r e a s e  i n  p e r fo rm a n c e  from  P a th  4 t o  P a th  7 was g r e a t e r  i n  t h e  PD 

g ro u p . The o n ly  f a c t o r  a f f e c t i n g  v e l o c i t y  i n  some c a s e s  was th e  hand 

u sed  f o r  t r a c i n g .  The p a t t e r n  o f  t r a c i n g  e r r o r  p e r fo rm a n c e  i n  th e  

s a w to o th  p a t t e r n s  i s  s im i l a r  t o  t h a t  s e e n  i n  th e  s t r a i g h t  l i n e :  a l l

s u b j e c t s  p e rfo rm  m ore p o o r ly  on th e  p a th  w ith  d e l e t e d  se g m e n ts ,  PD 

p a t i e n t s  p e rfo rm  m ore p o o r ly  th a n  c o n t r o l s ,  and  th e  d e c r e a s e  in  

p e rfo rm a n c e  f r a n  th e  c o m p le te  p a th  t o  th e  p a th  w ith  d e l e t e d  s e g n e n ts  i s  

m ore s e v e r e  i n  th e  PD g ro u p . H ow ever, v e l o c i t y  d e c r e a s e d  from  P a th  1 t o  

P a th  3 b u t d id  n o t ch an g e  s i g n i f i c a n t l y  fro m  P a th  4 t o  any  sa w to o th  p a th
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w ith  d e l e t e d  s e g n e n ts .

A seco n d  a n a l y s i s  o f  t r a c i n g  p e rfo rm an c e  in  s a w to o th  p a th s  com pared 

p e rfo rm a n c e  m easu re s  o f  th e  e n t i r e  sw eep , a s  o p p o sed  to  m easu re s  o n ly  o f  

th e  m is s in g  segm ent p e r fo rm a n c e . T h is  ap p ro ach  a llo w e d  a l l  fo u r  

s a w to o th  p a th s  to  be in c lu d e d  in  a s i n g l e  a n a l y s i s .  R e s u l t s  a r e  

p r e s e n te d  i n  T a b le  9 and  F ig u r e s  12 and 13. In  sw eep 1 , a r e a  e r r o r  in  

t h e  PD g ro u p  was 2 3 .9 ,  2 8 .5 ,  2 8 .9 ,  and 4 9 .7 ,  and in  th e  c o n t r o l s ,  1 0 .7 ,  

1 2 .8 ,  1 5 .9 ,  and  2 0 .54  f o r  P a th s  4-7  r e s p e c t i v e l y .  G ro u p , P a th ,  H and, and 

G roup X P a th  e f f e c t s  w ere  s i g n i f i c a n t .  T he G roup X P a th  i n t e r a c t i o n  was 

due t o  a  s i g n i f i c a n t  i n c r e a s e  i n  a r e a  e r r o r  i n  th e  PD g ro u p  from  

P a th s  6 -7  ( p < .0 5 )  t h a t  was n o t p r e s e n t  i n  th e  c o n t r o l  g ro u p . I n  

a d d i t i o n ,  p a t i e n t s '  p e rfo rm a n c e  was g e n e r a l l y  p o o re r  th a n  o o n t r o l s ' , and  

o v e r a l l  p e r fo rm a n c e  was b e t t e r  i n  th e  e a r l i e r  p a th s  and w ith  t h e  r i g h t  

h an d . In  sw eep 2 , mean a r e a  e r r o r  i n  th e  PD g ro u p  was 2 6 .3 ,  3 3 .7 ,  3 0 .2 ,  

and 4 7 .5 ,  and i n  th e  c o n t r o l s ,  1 2 .5 ,  1 6 .1 9 , 1 6 .3 6 ,  and 2 9 .5  i n  P a th s  4 -7  

r e s p e c t i v e l y .  G ro u p , P a th ,  H and, and  G roup X P a th  X Hand e f f e c t s  w ere 

s i g n i f i c a n t .  A rea  e r r o r  i n c r e a s e d  s i g n i f i c a n t l y  i n  t h e  PD g ro u p  from  

P a th  6 t o  7 i n  b o th  h an d s (p < .05 ) , b u t  i n  th e  c o n t r o l  g ro u p  a 

s i g n i f i c a n t  i n c r e a s e  was s e e n  o n ly  i n  th e  r i g h t  h an d . O v e r a l l ,  p a t i e n t s  

p e rfo rm e d  m ore p o o r ly  th a n  c o n t r o l s ,  p e rfo rm a n c e  was b e t t e r  on th e  e a r l y  

th a n  t h e  l a t e r  fo rm s and w ith  t h e  r i g h t  v s .  t h e  l e f t  h an d . As w ith  th e  

co m p a riso n  o f  P a th s  1 and  3 and  P a th s  4 and  7 , a s i g n i f i c a n t  G roup X P a th  

i n t e r a c t i o n  was s e e n  a g a in  i n  t h i s  c a s e .  T he em erg en ce  o f  t h i s  

c o n s i s t e n t  p a t t e r n  o f  r e s u l t s  a rg u e s  fo r  a  s p e c i f i c  d e f i c i t  i n  th e  PD 

p a t i e n t s  f o r  p e r fo rm a n c e  on p a th s  w ith  d e l e t e d  s e g n e n ts .

The a n a l y s i s  o f  number o f  d i g i t i z e d  p o in t s  r e v e a l s  no s i g n i f i c a n t  

e f f e c t s  i n  sw eep 1 b u t  s i g n i f i c a n t  P a th  and  Hand e f f e c t s  i n  sw eep 2 .



41

T h ese  i n d i c a t e  s lo w e r t r a c i n g  w ith  l e f t  them  th e  r i g h t  h an d , w h ich  was 

a l s o  s e e n  i n  th e  f i r s t  ty p e  o f  a n a l y s i s ,  and  a  te n d e n c y  f o r  s u b j e c t s  t o  

t r a c e  f a s t e r  i n  th e  l a t e r  fo rm s , w h ich  was n o t  s i g n i f i c a n t  i n  t h e  f i r s t  

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

R e la t i o n  o f  T ra c in g  P e rfo rm a n c e  t o  C o g n i t iv e  T e s t s  and  D em ographic V a r i ­

a b l e s

C o r r e la t io n s  w ere c a l c u l a t e d  t o  a s s e s s  th e  r e l a t i o n s h i p  betw een  

t r a c i n g  p e r fo rm a n c e  m easu re s  and th e  age and e d u c a t io n  o f  s u b j e c t s  and  

t h e i r  p e rfo rm an c e  on th e  MMS and R osen D raw ing  T e s t .  T h ese  c a l c u l a t i o n s  

w ere p e rfo rm e d  s e p a r a t e l y  f o r  e a c h  fo rm , g ro u p  and sw eep , b u t  c o l l a p s e d  

o v e r l e f t  and r i g h t  hand (T a b le s  10 and  1 1 ) .  I n  th e  c o n t r o l  g ro u p , 

t r a c i n g  p e r fo rm a n c e  was c o r r e l a t e d  w ith  many v a r i a b l e s ,  and no c l e a r  

p a t t e r n  o f  r e l a t i o n s h i p  betw een  t r a c i n g  p e rfo rm an c e  and p a r t i c u l a r  

c o g n i t i v e  v a r i a b l e s  o o u ld  be d i s c e r n e d .  I n  t h e  p a r k in s o n ia n  g ro u p , a 

s i m i l a r  p a t t e r n  p r e v a i l s  u n t i l  p e rfo rm a n c e  i n  P a th s  6 and  7 , th e  m ore 

d i f f i c u l t  p a t h s ,  was a n a ly z e d .  I n  th e s e  p a t h s ,  m e a su re s  o f  t r a c i n g  

p e rfo rm a n c e  c o r r e l a t e  a lm o s t  e x c lu s i v e ly  and  in  e v e ry  i n s t a n c e  w i th  th e  

c o n s t r u c t i o n  s e g n e n t  o f  t h e  MMS, and w ith  p e r fo rm a n c e  on  t h e  R osen 

D raw ing  T e s t .  I n  c o n t r a s t ,  c o n t r o l s '  p e rfo rm a n c e  on th e s e  p a th s  

c o r r e l a t e  w ith  o th e r  s u b t e s t s  o f  t h e  MMS t h a t  m easu re  g e n e r a l  i n t e l l i ­

g e n c e ,  and  so m etim es w ith  th e  a g e ,  l e v e l  o f  e d u c a t io n ,  and  d e p r e s s io n  

r a t i n g s  o f  th e  p a t i e n t s ,  b u t n e v e r  w ith  th e  c o n s t r u c t i o n  s e g n e n t  o f  t h e  

IMS o r th e  R osen D raw ing  T e s t .
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R e la t io n  o f  T ra c in g  P e rfo rm a n c e  i n  PD P a t i e n t s  t o  M easu res  o f  PD S e v e r ­

i t y

C o r r e l a t i o n s  w ere c a l c u l a t e d  betw een  m e a su re s  o f  PD s e v e r i t y  and 

m easu re s  o f  t r a c i n g  p e rfo rm a n c e  and a r e  p r e s e n te d  i n  T a b le  12 . I n  t h e  

s t r a i g h t  l i n e  p a th s  (P a th s  1 and  3 ) ,  p a r k in s o n ia n  sym ptom s c o r r e l a t e  

p r i m a r i l y  w ith  v e l o c i t y  m e a s u re s ,  w h i l e ,  i n  t h e  s a w to o th  p a t h s ,  

c o r r e l a t i o n s  a r e  a l s o  se e n  w ith  some o f  th e  e r r o r  m e a s u re s .  I t  was n o t 

p o s s i b l e  t o  i s o l a t e  a  c l e a r  p a t t e r n  o f  i n t e r r e l a t i o n s h i p s  b e tw een  

s p e c i f i c  t r a c i n g  m e a su re s  and s p e c i f i c  m e a su re s  o f  PD symptom s e v e r i t y .
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DISCUSSION

T ra c in g  T ask  P e rfo rm an ce

The d a ta  in  t h i s  s tu d y  p r e s e n t  a  p a t t e r n  w hich c o n f irm s  and ex p an d s 

upon f in d in g s  in  p r e v io u s  s t u d i e s .  The m a jo r f i n d i n g s  i n  t h i s  s tu d y  

w hich  w i l l  be d i s c u s s e d  m ore f u l l y  in  th e  f o l lo w in g  s e c t i o n s  a r e :  

(1) The i n c r e a s i n g  e r r o r s  o f  th e  p a r k in s o n ia n s  on p a th s  w ith  d e l e t e d  

s e g m e n ts .  A lth o u g h  p a t i e n t s  p e rfo rm ed  m ore p o o r ly  th a n  c o n t r o l s  even  on 

co m p le te  p a t h s ,  t h e i r  d e c l i n e  in  p e r fo rm a n c e  was g r e a t e r  them  c o n t r o l s '  

o n  p a th s  w ith  m is s in g  se g m e n ts .  (2) The c l o s e  r e l a t i o n  o f  lo s s - o f - f o r m  

e r r o r s  ( e r r o r s  on p a th s  w ith  m is s in g  s e g n e n ts )  i n  t h e  PD g ro u p  t o  

p e rfo rm a n c e  on th e  Rosen D raw ing T e s t  and th e  c o n s t r u c t i o n  i te m s  o f  th e  

MtS. T h is  r e l a t i o n  d id  n o t e x i s t  i n  th e  c o n t r o l  g ro u p . (3) The 

a d d i t i o n a l  e f f e c t  o f  p a r k in s o n ia n  symptoms on p e rfo rm a n c e  o f  th e  PD 

p a t i e n t s ,  e s p e c i a l l y  on v e l o c i t y  o f  t r a c i n g .

P a rk in s o n ia n  p a t i e n t  p e rfo rm an c e  on p a th s  w ith  d e l e t e d  fo rm s . Re­

p e a te d  m easu re  ANCVA's r e v e a le d  a  c o n s i s t e n t  p a t t e r n  o f  p a r k in s o n ia n  

p a t i e n t  p e rfo rm an c e  a s  com pared t o  c o n t r o l s .  F i r s t ,  a s  w ould be 

e x p e c te d ,  p a t i e n t  p e rfo rm a n c e  was g e n e r a l l y  w o rse  th a n  c o n t r o l  g ro u p  

p e r fo rm a n c e . A ls o ,  b o th  p a t i e n t s  and c o n t r o l s  p e rfo rm e d  m ore p o o r ly  on 

p a th s  w ith  d e l e t e d  s e g n e n ts  th a n  on c o m p le te  p a t h s .  S i g n i f i c a n t  

G roup X P a th  i n t e r a c t i o n  e f f e c t s  a r e  key e v id e n c e  i n  d e m o n s t r a t in g  t h a t  

d e s p i t e  g e n e r a l  lo w e re d  p e rfo rm a n c e  by PD p a t i e n t s ,  t h e i r  p e r fo rm a n c e  

d e c l in e d  even  m ore th a n  th e  c o n t r o l s  when th e y  t r a c e d  p a t t e r n s  w ith  

m is s in g  s e g n e n ts .  T h i s  i n t e r a c t i o n  e f f e c t  was p r e s e n t  i n  t h r e e  

im p o r ta n t  c o n t r a s t s :  c o m p a riso n  o f  s t r a i g h t  l i n e ,  P a th s  1 and  3 ,

co m p a riso n s  o f  P a th  4 v s .  P a th  7 f o r  th e  p e r fo rm a n c e  m e a su re s  o f  th e
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d e le t e d  s e q u e n t  o n ly ,  and th e  co m p a riso n  o f  p e r fo rm a n c e  m easu re s  o v e r  

th e  c o m p le te  p a th  on P a th s  4 th ro u g h  7 .

R e la t io n  o f  t r a c i n g  p e rfo rm an c e  t o  o th e r  v a r i a b l e s . The c o n s i s t e n t  

c o r r e l a t i o n  o f  p a r k in s o n ia n s ' t r a c i n g  p e r fo rm a n c e  m e a s u re s ,  p a r t i c u l a r l y  

th o s e  i n  P a th s  6 and  7 , w i th  p e rfo rm a n c e  on c o n s t r u c t i o n  t a s k s ,  s u g g e s t s  

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

t a s k s .  In  c o n t r a s t ,  t r a c i n g  p e rfo rm an c e  i n  c o n t r o l s  c o r r e l a t e d  w ith  

i n d i c e s  o f  g e n e r a l  i n t e l l i g e n c e  and a lm o s t n e v e r  w ith  th e  c o n s t r u c t i o n  

t a s k s .  T h is  s u g g e s ts  t h a t  w h i le  p o o re r  p e rfo rm an c e  i n  c o n t r o l s  was 

r e l a t e d  t o  i n t e l l i g e n c e  f a c t o r s ,  i n  p a t i e n t s  i t  was r e l a t e d  t o  a g e n e r a l  

p e r c e p tu a l  m otor d e f i c i t  t h a t  a f f e c t s  b o th  t r a c i n g  and  c o n s t r u c t i o n  

p e r fo rm a n c e . A n o th e r  f a c t o r  a f f e c t i n g  p e r fo rm a n c e  e x c lu s i v e ly  i n  PD 

p a t i e n t s  i s  th e  s e v e r i t y  o f  th e  PD sym ptom s. I n  th e  p i l o t  s tu d y  (S te rn  

e t  a l . ,  in  p r e s s ) ,  t h e  e f f e c t  o f  PD m o to r symptoms was im p lie d ,  b u t no 

d i r e c t  c o r r e l a t i o n s  w ere n o te d .  I n  t h i s  s tu d y ,  i t  i s  c l e a r l y  se e n  

th ro u g h  s i g n i f i c a n t  c o r r e l a t i o n s  t h a t  PD symptom s e v e r i t y  a f f e c t s  

p e r fo rm a n c e . H ow ever, i t  was n o t p o s s i b l e  t o  i s o l a t e  p a r t i c u l a r

symptoms t h a t  a f f e c t  s p e c i f i c  a s p e c t s  o f  p e r fo rm a n c e ; c o r r e l a t i o n s  w ere  

w id e - r a n g in g .  The m ost c l e a r l y  se e n  r e l a t i o n  i s  betw een  t r a c i n g  t im e  o r  

v e l o c i t y  and PD s e v e r i t y  sym ptom s.

The m ost s t r i n g e n t  g e n e r a l  i n t e r p r e t a t i o n  o f  f i n d in g s  i n  t h i s  s tu d y  

i s  t h a t  th e  m o to r symptoms o f  PD a c c o u n te d  f o r  th e  g e n e r a l  lo w er 

p e rfo rm a n c e  o f  th e  p a t i e n t s  w h i le  th e  p e r c e p tu a l  m otor d e f i c i t  o f  PD 

a c c o u n te d  f o r  th e  a d d i t i o n a l  d e c l i n e  in  p e r fo rm a n c e  on p a th s  w ith  

d e l e t e d  se g m e n ts . H ow ever, th e  g e n e r a l l y  lo w er p e rfo rm a n c e  o f  th e  PD 

p a t i e n t s  c o u ld ,  i n  p a r t ,  a l s o  r e f l e c t  th e  p a t i e n t s '  p e r c e p tu a l  m o to r 

d e f i c i t s .
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P e r c e p tu a l  M otor C o o rd in a t io n

The r e l a t i o n  betw een  p a t i e n t s '  e r r o r s  on p a th s  w ith  d e l e t e d  

s e g n e n ts  and p e r fo rm a n c e  on th e  c o n s t r u c t i o n  t a s k s  s u g g e s ts  t h a t  th o s e  

t a s k s  a r e  m e d ia te d  by a s i m i l a r  p ro c e s s  t h a t  m ig h t be b e s t  d e s c r ib e d  a s  

p e r c e p tu a l  m o to r d e f i c i t .  T h is  d e f i c i t  c o u ld  r e p r e s e n t  an  i n a b i l i t y  t o  

c o o r d in a t e  p e r c e p t io n  w i th  c e r t a i n  m otor f u n c t io n s  i n  o rd e r  t o  g e n e r a te  

m ovem ents b a se d  on an  i n t e r n a l  c o n c e p t  o f  sp a c e  (o r a  m otor p la n )  . 

P e r c e p t io n  r e f e r s  to  th e  a b i l i t y  t o  d i s c r i m i n a t e  and i n t e g r a t e  e x t e r n a l  

s e n s o ry  in f o r m a t io n ,  i n  t h i s  c a s e  v i s u a l .  T he m o to r f u n c t io n s  c o n s i s t  o f  

a s e r i e s  o f  m ovem ents w hich a r e  s e q u e n t i a l l y  p e r fo rm e d . The c o o rd in a ­

t i o n  o f  t h e s e  two a c t i v i t i e s  i n  o rd e r  t o  f u l f i l l  a  m o to r p la n  may 

r e p r e s e n t  a  h ig h e r  o rd e r  o f  m otor c o n t r o l .

T he t r a c i n g  t a s k  i n  t h i s  s tu d y  r e q u i r e d  b o th  s e q u e n t i a l  and 

p r e d i c t i v e  m ovem ents. S p e c i f i c  m ovem ents had t o  be ac c o m p lish e d  i n  th e  

a b s e n c e  o f  v i s u a l  f e e d b a c k ,  f o r c in g  th e  s u b j e c t  t o  g e n e r a te  p r e d i c t i v e  

m ovem ents u s in g  o n ly  i n t e r n a l  g u id a n c e .  F lo w ers  (1978b) and  o t h e r s  have 

a l s o  d e m o n s tra te d  t h i s  d e f i c i t  i n  th e  g e n e r a t io n  o f  movement i n  th e  

a b se n c e  o f  v i s u a l  g u id a n c e  i n  b o th  PD and  non-hum an p r im a te s  w ith  l e s i o n s  

i n  th e  b a s a l  g a n g l i a  (Bowen, 1969; Cooke e t  a l . ,  1 9 7 8 ; H ore e t  a l . ,  1977; 

Caan 6 S t e i n ,  1 9 7 9 ) . The t r a c i n g  t a s k  a l s o  dem ands t h a t  th e  m ovem ents be 

g e n e ra te d  i n  t h e i r  p ro p e r  s e q u e n c e , b e g in n in g  and t e r m in a t in g  a t  t h e i r  

p ro p e r  t im e .  As n o te d  a b o v e , d e f i c i t s  i n  th e  s e q u e n c in g  o f  movement have 

o f t e n  been  d e m o n s tra te d  i n  PD.

I n  th e  c o n s t r u c t i o n  t a s k ,  th e  s u b j e c t s  a g a in  w ere  r e q u i r e d  t o  

g e n e r a te  s e q u e n c e s  o f  m ovem ents t h a t  s a t i s f i e d  t h e  s p a t i a l  demands s e t  

by th e  d e s ig n  t o  be c o p ie d .  I n  t h i s  c a s e  some v i s u a l  g u id a n c e  was 

p r e s e n t  i n  t h e  form  o f  th e  d e s ig n s .  H ow ever, t h e  d e s ig n s  w ere  o f t e n
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s u f f i c i e n t l y  com plex a s  to  c h a l le n g e  th e  s u b j e c t s '  a b i l i t y  t o  o r g a n iz e  

th e  m ovem ents n e c e s s a ry  t o  re p ro d u c e  them . As n o te d  e a r l i e r ,  when some 

e x t e r n a l  o r g a n iz a t io n  fo r  c o n s t r u c t i o n  i s  s u p p l i e d ,  p a t i e n t s  can  

s u c c e s s f u l l y  p e rfo rm  c o n s t r u c t i o n  t a s k s .  O th e r i n v e s t i g t o r s  have 

d e m o n s tra te d  c o n s t r u c t i o n  d e f i c i t s  i n  PD w hich  may a l s o  r e f l e c t  t h i s  

i n a b i l i t y  t o  o rg a n iz e  o r  seq u e n ce  th e  m ovem ents n e c e s s a ry  f o r  s u c c e s s f u l  

p e rfo rm an c e  ( J o u b e r t  & B a rb e au , 1969 ; B o tez  t  B a rb e a u , 1 9 7 5 ) . O th e r  

t r a c k i n g  s t u d i e s  d e m o n s tra te  t h a t  even when p a t i e n t s  a r e  in fo rm ed  t h a t  a  

t a r g e t  i s  m oving in  a  s p e c i f i c  s e q u e n c e  th e y  c a n n o t u s e  t h i s  in fo rm a t io n  

t o  im prove t h e i r  t r a c k i n g  a c c u ra c y  (F lo w e rs ,  1978b; M arsden , 1 9 8 2 ).

E f f e r e n c e  C opy, C o r o l l a r y  D is c h a rg e ,  and P e r c e p tu a l  M otor C o o rd in a t io n

A c c o rd in g  t o  M arsden (1 9 8 2 ) , th e  b a s a l  g a n g l i a  may be r e s p o n s ib l e  

f o r  th e  a u to m a tic  e x e c u t io n  o f  l e a r n e d  m otor p la n s ;  t h a t  i s ,  t h e y  ta k e  

p a r t  i n  s e q u e n c in g  t h e  m otor p ro g ram s n eed ed  to  a c c o m p lish  a  m o to r p l a n .  

The m echanism  th ro u g h  w hich th e  b a s a l  g a n g l i a  may a i d  i n  t h i s  a c t i v i t y  i s  

unknown, b u t h y p o t h e t i c a l  sy s te m s  t h a t  c o u ld  s e r v e  t h i s  p u rp o se  have  

been  d e s c r ib e d .

One h y p o th e t i c a l  p ro c e s s  t h a t  may u n d e r l i e  p e r c e p tu a l  m otor c o o r d i ­

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

g a n g l i a - o o r t i c a l  sy s te m s  i n  b e h a v io r ,  i s  c o r o l l a r y  d i s c h a r g e  o r  

e f f e r e n c e  co p y . T h is  c o n c e p t h as  been  b e s t  d e s c r ib e d  i n  te rm s  o f  i t s  

c o n t r i b u t i o n  t o  m ovem ent, and  t o  th e  ty p e  o f  s p a t i a l  l o c a l i z a t i o n  

r e q u i r e d  f o r  d e la y e d  re s p o n s e  and s i m i l a r  t a s k s .

T eu b er (1966 , 1972, 1976) h y p o th e s iz e d  t h a t ,  i n  v o lu n ta r y  m ovem ent, 

e f f e r e n t  e x t r a p y ra m id a l  m o to r commands flo w  to  b o th  m oto r e f f e c t o r s  and 

t o  c e n t r a l  r e c e p t o r s .  T h is  c e n t r a l l y  m o n ito re d  in fo rm a t io n  h e lp s  th e
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sy s tem  p r e p a r e  £ o r th e  c o n se q u e n c e s  o f  c o n c u r r e n t  o r  im pend ing  a c t i o n s .  

For ex am p le , s e n s o r y  sy s te m s  c o u ld  be p re p a re d  f o r  in p u t  t h a t  w ould be 

p ro d u ced  a s  a co n se q u e n c e  o f  a m o to r m ovem ent. C o r o l l a r y  d i s c h a r g e  

r e f e r s  t o  th e  c o n c u r r e n t  d i s c h a r g e  o f  e f f e r e n t  s i g n a l s  c e n t r a l l y .  

A n o th e r te rm  t h a t  h as  been  u sed  to  d e s c r ib e  t h i s  ty p e  o f  sy s te m  i s  

" e f f e r e n c e  c o p y ,” w hich r e f e r s  t o  a  r e c o rd  o f  e f f e r e n t  m otor commands 

w hich  i s  r e t a i n e d  c e n t r a l l y  (A n g e l, 1 9 7 6 ) . S im i l a r  sy s te m s  have b een  

p ro p o se d  by many i n v e s t i g a t o r s  (S p e r ry ,  1950; von H o l s t ,  1 9 5 4 ).

The e x i s t e n c e  o f  a c o r o l l a r y  d i s c h a r g e  sy s tem  h as  b een  s tu d i e d  in  

many w ay s. When th e  ey e  m akes a  s a c c a d ic  m ovem ent, th e  v i s u a l  w o rld  i s  

n o t p e r c e iv e d  a s  ju m p in g . H ow ever, when th e  o c c u la r  m u sc le s  a r e  

p a r a ly z e d  and  th e  ey e  i s  moved m a n u a lly , th e  v i s u a l  f i e l d  d o es  

move (von H e lm h o ltz ,  1 9 2 5 ) . T h is  s u g g e s ts  t h a t  t h e  s e n s o r y  sy s te m  

i s  n o rm a lly  p re p a re d  t o  co m p en sa te  f o r  th e  c o n se q u e n c e s  o f  m otor 

m ovem ent.

A n o th e r s tu d y  made u se  o f  s t e p - t r a c k i n g  t a s k ,  i n  w hich  s u b j e c t s  

moved a  m ark e r c o n t r o l l e d  by a  j o y s t i c k  t o  f o l lo w  a  t a r g e t  l i n e  w h ich  

moved r a p i d l y  from  th e  c e n te r  t o  th e  r i g h t  o r  l e f t  o f  an o s c i l l o s c o p e  

s c r e e n .  When s u b j e c t s  w ere  in d u c e d  i n t o  m aking e r r o r s  on  t h i s  t a s k ,  th e y  

c o r r e c t e d  them  w ith o u t  any  e x t e r n a l  fe e d b a c k  a b o u t t h e i r  o c c u r r e n c e .  

T h u s , t h e  m o to r conm ands f o r  t h e  movement m ust have b een  m o n ito re d  

c e n t r a l l y  and  c o r r e c te d  (A n g e l, 1 9 7 6 ). T h is  e r r o r  c o r r e c t i o n ,  w hich  

c o u ld  be b a se d  on e f f e r e n c e  co p y , was slow ed  i n  PD (A n g e l, A ls to n  & 

H ig g in s ,  1970; A n g e l,  A ls to n  & G a r la n d ,  1 9 7 1 ). S in g le  u n i t  r e c o r d in g s  

from  c e l l s  i n  th e  b a s a l  g a n g l i a  o f  m onkeys d u r in g  t r a c k i n g  s t u d i e s  a l s o  

r e v e a le d  t h a t  th e  m a jo r i t y  o f  c e l l s  w ere n o t in v o lv e d  i n  th e  i n i t i a t i o n  

o f  m ovem ent, b u t w ere  r e s p o n s iv e  d u r in g  c o r r e c t i v e  movement ( A ld r id g e ,
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A n d erso n  & M urphy, 1980 ; A n d e rso n , A ld r id g e  & M urphy, 1979 ; D o lb ak a y an , 

H ernandez-M esa & B u re s ,  1 9 7 7 ) . B o th  o f  th e s e  s t u d i e s  im p l ic a te  th e  b a s a l  

g a n g l i a  i n  th e  p ro c e s s  o f  c o r o l l a r y  d i s c h a r g e .  As n o te d  e a r l i e r ,  t h e  

b a s a l  g a n g l i a  a r e  in v o lv e d  i n  n e u ro a n a to m ic a l  sy s tem s  t h a t  a r e  

f u n c t i o n a l l y  a r ra n g e d  a s  fe e d b a c k  sy s te m s  (W eb s te r , 1 9 7 5 ) . P o s s ib l y ,  

th e y  c o u ld  m e d ia te  a sy s te m  o f  t h i s  n a tu r e .

P r i s m - a d a p ta t io n  p ro v id e s  c o n d i t i o n s  f o r  t h e  o p e r a t i o n  o f  c o r o l l a r y  

d i s c h a r g e ,  and  d e m o n s tra te s  i t s  r o l e  i n  s p a t i a l  p e r c e p t io n  and 

p e r c e p tu a l  m o to r c o o r d in a t io n .  I n  p r i s m - a d a p ta t io n  s t u d i e s ,  th e  s u b j e c t  

w e ars  p r is m s  o v er h i s  e y e s  w hich d i s p l a c e  th e  v i s u a l  f i e l d  i n  some 

r e g u la r  f a s h io n .  I n i t i a l l y  t h e  s u b j e c t  e r r s  i n  h i s  d i r e c t e d  m ovem ents by 

r e a c h in g  to w ard  h i s  d i s p la c e d  v iew  o f  an  o b j e c t .  Over t im e ,  th e  s u b j e c t

c o m p en sa te s  f o r  th e  d is p la c e m e n t  and m akes c o r r e c t  r e a c h in g  m ovem ents.

T h is  a d a p ta t io n  o c c u rs  even  i f  no d i r e c t  fe e d b a c k  a b o u t  th e  a c c u ra c y  o f  

h i s  m ovem ents i s  r e c e iv e d .  F o r ex a m p le , m onkeys w ith  d o r s a l  

r h i z o to m ie s ,  w hich  e l im in a te d  k i n e s t h e t i c  fe e d b a c k  from  th e  a rm s , showed 

p r i a n  a d a p ta t io n  in  a t a s k  w here  th e y  re a c h e d  f o r  an o b j e c t  ev e n  th o u g h  

th e y  w ere  n o t  a llo w e d  t o  s e e  t h e i r  arm s o r ch eck  th e  a c c u ra c y  o f  t h e i r  

movement (Bossom & Omnaya, 1 9 6 8 ) . T h is  s u g g e s ts  t h a t  a  c e n t r e d  m echanism  

su ch  a s  c o r o l l a r y  d i s c h a r g e  i s  m o n i to r in g  m ovem ents and t h e i r

c o n s e q u e n c e s , y i e l d i n g  in f o r m a t io n  f o r  p r i a n  a d a p ta t i o n .  I n  t h i s  c a s e ,  

e y e  m ovem ents and t h e i r  v i s u a l  c o n se q u e n c e s  a r e  p ro b a b ly  b e in g

m o n ito r e d .  The r o l e  o f  c o r o l l a r y  d i s c h a r g e  i n  p r is m  a d a p ta t io n  i s  

e l u c i d a t e d  by tw o o th e r  f i n d i n g s :  f i r s t ,  s u b j e c t s  whose l im b s  a r e

p a s s i v e l y  moved a s  o p p o sed  t o  i n i t i a t i n g  t h e i r  own lim b  m ovem ents c a n n o t 

p r i s m - a d a p t ,  and  s e c o n d , s u b j e c t s  m ust be a llo w e d  t o  make m ovem ents t h a t  

c o r re s p o n d  t o  t h e i r  in te n d e d  m ovem ents i n  o r d e r  t o  p r is m -a d a p t  (H eld  &
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F reedm an , 1 9 6 3 ) . T h ese  f i n d in g s  d e m o n s tra te  t h e  im p o rta n c e  o f  th e  

s u b j e c t ' s  g e n e r a t in g  h i s  own e f f e r e n t  m otor commands t h a t  can  be 

m o n ito re d  v ia  c o r o l l a r y  d i s c h a r g e ,  and o f  th o s e  commands a c t u a l l y  

r e p r e s e n t i n g  th e  movement t h a t  i s  c a r r i e d  o u t .  The e f f e r e n t  in fo rm a t io n  

i s  m o n ito re d  c e n t r a l l y ,  and i s  c o r r e l a t e d  w ith  an accom pany ing  e x p e c ta ­

t i o n  o f  th e  s e n s o ry  c o n se q u en ce  o f  th e  m ovem ents. When a  s u b j e c t  i s  

w e a rin g  p r is m s ,  t h i s  e x p e c ta n c y  i s  n o t  m e t. T he la c k  o f  c o r r e l a t i o n  

betw een  th e  e x p e c te d  and a c tu a l  c o n se q u e n c e s  o f  th e  movement i s  

s u f f i c i e n t  in fo rm a t io n  to  a l lo w  th e  sy s tem  t o  a d a p t .  I n  e f f e c t ,  t h e  

s e n s o ry  fe e d b a c k  l e a d s  t o  m o d i f i c a t io n  o f  l a t e r  m o to r m ovem ent. 

S u c c e s s fu l  p r i s m - a d a p ta t io n  r e q u i r e s  i n t a c t  b a s a l  g a n g l i a .  A d a p ta t io n  

f a i l e d  t o  o c c u r  i n  m onkeys w ith  b ased  g a n g l i a  l e s i o n s  (Bossom , 1965; 

Bossom & Onrnaya, 1 9 6 8 ) , and i n  t h e  one r e p o r te d  c a s e  o f  a  p e r s o n  w ith  a 

u n i l a t e r a l  c a u d a te  l e s i o n  ( P o te g a l ,  1 9 7 2 ).

P r i s m - a d a p ta t io n  s t u d i e s  d e m o n s tra te  th e  r o l e  o f  th e  b a s a l  g a n g l i a  

n o t  o n ly  i n  c o r o l l a r y  d i s c h a r g e ,  b u t  i n  th e  r e l a t e d  p ro c e s s  o f  p e r c e p tu a l  

m otor c o o r d in a t io n .  The a d a p ta t io n  p r o c e s s  in v o lv e s  c o o r d in a t in g  and 

i n t e g r a t i n g  m otor and s e n s o r y  in fo rm a t io n  t o  form  a  new p e r c e p tu a l  

r e p r e s e n t a t i o n  o f  t h e  s p a t i a l  e n v iro n m e n t. T h is  s p a t i a l  r e p r e s e n t a t i o n  

i s  t h e r e f o r e  n o t  j u s t  s e n s o r y  b u t  in v o lv e s  a  m o to r com ponent a s  w e l l .  

T h e r e f o r e ,  b a s a l  g a n g l i a  d y s f u n c t io n  may a f f e c t  n o t  o n ly  m ovem ent, b u t  

i n t e r n a l  s p a t i a l  r e p r e s e n t a t i o n  a s  w e l l .  The b a s a l  g a n g l i a  c o u ld  

c o n t r i b u t e  t o  p e r c e p tu a l  m o to r c o o r d in a t io n  a s  p a r t  o f  a c o r o l l a r y  

d i s c h a r g e  s y s te m , o r  a c t u a l l y  be th e  lo c u s  f o r  th e  c o r r e l a t i o n  o f  s e n s o ry  

and m o to r in f o r m a t io n .  A l t e r n a t i v e l y ,  s in c e  damage t o  th e  b a s a l  g a n g l i a  

can  a f f e c t  m ovem ent, th e  p ro c e s s  o f  p e r c e p tu a l  m otor c o o r d in a t io n  c o u ld  

be d i s r u p te d  b e c a u s e  o f  th e  d i f f i c u l t y  o f  c o r r e l a t i n g  th e  i r r e g u l a r
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m otor in fo rm a t io n  w ith  s e n s o ry  in f o r m a t io n .  In  e i t h e r  c a s e ,  t h e  i n t a c t  

b a s a l  g a n g l i a  w ould  be n eed ed  a s  p a r t  o f  th e  p e r c e p tu a l  m otor sy s te m  to  

g u id e  b e h a v io r  when no e x t e r n a l  g u id a n c e  i s  a v a i l a b l e .

T eu b er s u g g e s te d  t h a t  many o f  th e  d e f i c i t s  n o te d  a f t e r  l e s i o n s  t o  

th e  b a s a l  g a n g l i a - f r o n t a l  lo b e  sy s te m  may a l s o  be v iew ed  a s  a  f a i l u r e  o f  

p e r c e p tu a l  m otor c o o r d in a t io n  (T euber & P r o c t o r ,  1964; T e u b e r ,  1966, 

1 972 , 1 9 7 6 ) . F o r ex a m p le , a s  n o te d  e a r l i e r ,  d e la y e d  r e s p o n s e  t a s k s  

demand a c c u r a te  s p a t i a l  r e p r e s e n t a t i o n  o f  th e  e n v iro n m e n t r e l a t i v e  t o  

th e  a n im a l 's  own p o s i t i o n  i n  th e  a b s e n c e  o f  e x t e r o c e p t i v e  s t i m u l i .  

P o te g a l  (1972) s i m i l a r l y  s u g g e s te d  t h a t  th e  c a u d a te  s e r v e s  a s  p a r t  o f  an 

" e g o c e n t r ic  o r i e n t a t i o n "  sy s te m  i n  w h ich  m ovem ents o f  th e  h ead  and  e y e s  

a r e  encoded  f o r  s p a t i a l  l o c a l i z a t i o n .  I n t e r n a l  r e p r e s e n t a t i o n  o f  any  

p o i n t  i n  s p a c e  w ould c o n s i s t  o f  t h e  m o to r p ro g ram s w h ich  w ould  t u r n  t h e  

h ead  and e y e s  to  t h a t  p o i n t ,  g iv e n  th e  p o s i t i o n  o f  th e  t o r s o .

The im p o r ta n t  c o n t r i b u t i o n  o f  t h e  b a s a l  g a n g l i a  f o r  p e r c e p t u a l  

m otor c o o r d in a t io n  may be se e n  i n  c o g n i t i v e  t a s k s  a s  w e l l .  Even 

n o n -m o to r t a s k s  r e q u i r in g  th e  e v a lu a t io n  and  s u b s e q u e n t  m o d i f i c i a t i o n  o f  

b e h a v io r  b a se d  on e x p e c te d  ou tcom e may be a f f e c t e d  (T e u b e r , 1972, 1 9 7 6 ). 

F o r ex a m p le , in  human n e u ro p s y c h o lo g  ic e d  t a s k s  s u c h  a s  t h e  W isc o n s in  

C ard  S o r t ,  s u b j e c t ' s  b e h a v io r  m ust be g u id e d  by an  a n a l y s i s  o f  p a s t  

p e r fo rm a n c e  t h a t  m ust be p e rfo rm e d  w ith o u t  any  e x t e r n a l  g u id a n c e .  When 

s o r t i n g  b e h a v io r  i s  n o t re w a rd e d , p e r fo rm a n c e  m ust be  e v a lu a te d  and  th e n  

ch an g ed  i n  o rd e r  t o  be c o r r e c t .  P a t i e n t s  w ith  d i s e a s e s  o f  t h e  b a s a l  

g a n g l i a  su ch  a s  PD, a s  w e ll  a s  th o s e  w i th  f r o n t a l  lo b e  l e s i o n s ,  p e r fo rm  

p o o r ly  on t h i s  t a s k  (Bowen, 1 9 7 6 ) .

A n o th er im p o r ta n t  r o l e  o f  p e r c e p tu a l  m otor c o o r d in a t io n  i s  i t s  

c o n t r i b u t i o n  t o  t h e  i n t e l l e c t u a l  p r o c e s s e s  in v o lv e d  i n  s p a t i a l
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r e p r e s e n t a t i o n  o f  th e  e n v iro n m e n t. D e f e c t iv e  s p a t i a l  r e p r e s e n t a t i o n  can  

a f f e c t  p e rfo rm an c e  on t a s k s  such  a s  c o n s t r u c t i o n  o f  g e o m e tr ic  fo rm s . I t  

a p p e a r s ,  t h e n ,  t h a t  d e f e c t i v e  p a r t i c i p a t i o n  o f  th e  b a s a l  g a n g l i a  i n  th e  

p ro c e s s  o f  p e r c e p tu a l  m otor c o o r d in a t io n  c o u ld  a c c o u n t f o r  b o th  th e  

p r e d i c t i v e  and s e q u e n t i a l  movement d e f i c i t s  s e e n  i n  t h e  t r a c i n g  t a s k  and 

th e  d e f i c i t s  n o te d  on th e  c o n s t r u c t i o n  t a s k s .

W hile  th e  c o n s t r u c t  o f  a d e f i c i t  i n  p e r c e p tu a l  m o to r c o o r d in a t io n  

i n  PD i s  h y p o t h e t i c a l ,  i t  d o es  have p r e d i c t i v e  u t i l i t y .  In  one s tu d y ,  i t  

was h y p o th e s iz e d  t h a t  t h i s  d e f i c i t ,  i f  p r e s e n t ,  s h o u ld  a f f e c t  n o t o n ly  

p e rfo rm an c e  on v isu o m o to r t a s k s ,  b u t  a l s o  on t a s k s  i n  o th e r  s e n s o ry  

m o d a l i t i e s .  PD p a t i e n t s  and c o n t r o l s  w ere g iv e n  a  t e s t  o f  t a c t i l e  

p e r c e p t io n  t h a t  had no v i s u a l  com ponent (M ayeux, T om aino , R o sen , S te r n  & 

G e rs tm a n , in  p r e s s ) .  S u b je c t s  t r a c e d  th e  ro u g h , r a i s e d  o u t l i n e  o f  

v a r io u s  g e o m e tr ic  s h a p e s  w ith  t h e i r  f i n g e r  and th e n  w ere a sk ed  t o  s e l e c t  

e a c h  sh a p e  from  a  v i s u a l  a r r a y  o f  a s s o r t e d  s h a p e s .  I n  some c a s e s  

s u b j e c t s  a c t i v e l y  g e n e r a te d  t h e i r  own t r a c i n g  m ovem ents, w h i le  i n  o t h e r s  

t h e i r  f i n g e r  was p a s s i v e l y  g u id e d  a lo n g  th e  o u t l i n e  o f  t h e  s h a p e . I n  th e  

l a t t e r  s i t u a t i o n ,  p a r k in s o n ia n s  and c o n t r o l s  p e rfo rm e d  co m p arab ly . In  

t h e  fo rm e r s i t u a t i o n  p a t i e n t s '  p e r fo rm a n c e  was t h e  same a s  i n  th e  p a s s iv e  

g u id a n c e  c o n d i t io n  w h ile  th e  c o n t r o l s '  p e rfo rm an c e  was b e t t e r .  T h u s , 

th e  PD p a t i e n t s  d id  n o t b e n e f i t  from  g e n e r a t in g  t h e i r  own e x p lo r a to r y  

m ovem ents w h ile  th e  c o n t r o l s  d i d .  I n  a  p e r c e p tu a l  m otor c o o r d in a t io n  

m o d e l, th e  m o to r commands w h ich  a r e  r e q u i r e d  f o r  s e l f  g e n e r a te d  m o to r 

m ovem ents, w ould  be c o r r e l a t e d  w i th  th e  r e s u l t i n g  t a c t i l e  s e n s a t i o n  in  

o rd e r  to  o b t a i n  a  m ore a c c u r a te  p e r c e p t io n  o f  t h e  e x p lo re d  s h a p e .  I n  

t h i s  s tu d y ,  th e  i d e n t i c a l  p e rfo rm an c e  o f  th e  PD p a t i e n t s  u nder 

s e l f - g u id e d  o r p a s s iv e  c o n d i t i o n s  s u g g e s ts  a  d e f i c i t  i n  th e  p e r c e p tu a l
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m otor sy s tem  w hich c o n s e q u e n t ly  g iv e s  r i s e  t o  an i n a c c u r a t e  p e r c e p t io n .  

T h is  m o d e l, t h e r e f o r e ,  seem s to  be a u s e f u l  one f o r  e x p la in in g  

i n t e l l e c t u a l  d e f i c i t s  in  p a t i e n t s  w ith  PO.

C o n c lu s io n

W hile  th e  b a s a l  g a n g l i a  have lo n g  been  a s s o c ia te d  w ith  m ovem ent, 

i n v e s t i g a t i o n s  o f  th e  co n se q u e n c e s  o f  m a n ip u la t io n s  o f  th e  b a s a l  g a n g l ia  

s u g g e s t  t h a t  th e y  have  a  r o l e  i n  c o g n i t i v e  p r o c e s s e s .  The c o g n i t i v e  

t a s k s  u sed  i n  i n v e s t i g a t i o n s  o f t e n  have a  m otor com ponen t, b u t  th e y  a l s o  

demand t h a t  b e h a v io r  be i n t e r n a l l y  m o n ito re d  and  g u id e d  i n  th e  ab se n c e  o f  

e x t e r n a l  c u e s .  T h is  i s  n e c e s s a r y  f o r  s u c c e s s f u l  p e r fo rm a n c e  on d e la y e d  

re s p o n s e  t a s k s  i n  th e  r a t ,  h o r i z o n t a l  o r i e n t a t i o n  t a s k  i n  hum ans, a s  w e ll  

a s  on t r a c i n g  and c o n s t r u c t i o n  t a s k s  u sed  in  t h i s  s tu d y .  The p r e s e n t  

s tu d y  s u g g e s ts  t h a t  th e  b a s a l  g a n g l i a  a r e  im p o r ta n t  f o r  p e r c e p tu a l  m otor 

c o o r d in a t io n ,  a  p ro c e s s  t h a t  i s  c r u c i a l  f o r  p e r c e p t io n  and r e p r e s e n t a ­

t i o n  o f  th e  s p a t i a l  e n v iro n m e n t.  T h u s , d e f i c i t s  i n  p e r c e p tu a l  m otor 

c o o r d in a t io n  can  a f f e c t  n o t o n ly  t a s k s  w ith  a  d i s t i n c t  m otor com p o n en t, 

b u t  o th e r  i n t e l l e c t u a l  t a s k s  a s  w e l l .

I n  t h i s  s tu d y ,  p e r fo rm a n c e  o f  p a t i e n t s  w ith  PD on a t r a c i n g  ta s k  

r e l a t e d  t o  t h e i r  p e r fo rm a n c e  on c o n s t r u c t i o n  t a s k s .  The p a t i e n t s  

p e rfo rm e d  m ore p o o r ly  th a n  c o n t r o l s  on th e  t r a c i n g  t a s k  when e x t e r n a l  

g u id a n c e  f o r  t r a c i n g  was rem oved, and p a t i e n t s '  b u t n o t  c o n t r o l s '  

p e rfo rm a n c e  on t h i s  t a s k  was r e l a t e d  t o  t h e i r  c o n s t r u c t i o n  a b i l i t y .  

T h ese  f i n d in g s  i n  PD may be r e p r e s e n t a t i v e  o f  th e  c o g n i t i v e  p r o c e s s e s  

w hich th e  b a s a l  g a n g l i a  p la y  a  r o l e  i n  m e d ia t in g .

A n a to m ic a l ly ,  p e r c e p tu a l  m o to r c o o r d in a t io n  w ould depend  on a 

fe e d b a c k  sy s tem  w hich c o r r e l a t e s  and i n t e g r a t e s  m otor an d  s e n s o ry
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in f o r m a t io n .  A v a i la b le  e v id e n c e  s u g g e s t s  t h a t  th e  b a s a l  g a n g l i a  c o u ld  

p la y  an im p o r ta n t  r o l e  i n  t h i s  sy s te m .

P la n s  f o r  F u tu r e  S tu d ie s

The m odel o f  a  d e f i c i t  i n  p e r c e p tu a l  m otor c o o r d in a t io n  b e in g  a 

c o n se q u en ce  o f  b a s a l  g a n g l i a  d y s f u n c t io n  i s  im p o r ta n t  and u s e f u l  in  

g u id in g  th e  i n v e s t i g a t i o n  o f  i n t e l l e c t u a l  d e f i c i t s  in  p a t i e n t s  w ith  

d i s e a s e s  o f  th e  b a s a l  g a n g l i a .

B ased  on th e  f i n d in g s  i n  th e  p r e s e n t  s tu d y ,  s e v e r a l  i n v e s t i g a t i o n s  

a re  b e in g  p la n n e d . One s tu d y  d i r e c t l y  a d d r e s s e s  t h e  i s s u e  o f  b a s a l  

g a n g l i a  in v o lv e m e n t i n  th e  p e r c e p tu a l  m otor d e f i c i t s  t h a t  have been 

d e s c r ib e d .  W hile  i t  i s  l o g i c a l  t o  a s s u n e  t h a t  b a s a l  g a n g l i a  d y s f u n c t io n  

u n d e r l i e s  th e s e  d e f i c i t s  i n  PD, t h i s  h a s  n o t been  d i r e c t l y  t e s t e d .  I n  

th e  p la n n e d  s tu d y  v a r io u s  C-T m e a su re s  o f  b a s a l  g a n g l i a  s i z e  w i l l  be  

o b ta in e d  i n  PD and A lz h e im e r 's  d i s e a s e  p a t i e n t s .  I t  i s  a n t i c i p a t e d  t h a t  

sa n e  o f  t h e s e  m e a su re s  w i l l  c o r r e l a t e  w ith  p e r c e p tu a l  m o to r p e r fo rm a n c e  

i n  th e  PD p a t i e n t s .

I n  a r e l a t e d  s tu d y ,  th e  them e o f  th e  s i m i l a r i t y  o f  f r o n t a l  lo b e  

l e s io n e d  and p a r k in s o n ia n  p a t i e n t s '  p e r c e p tu a l  m otor d e f i c i t s  w i l l  be 

i n v e s t i g a t e d  by co m p arin g  th e s e  tw o g ro u p s  on a b a t t e r y  o f  p e r c e p tu a l  

m otor t a s k s .  I n  a d d i t i o n ,  p a t i e n t s  w ith  p a r i e t a l  lo b e  l e s i o n s  and  

A lz h e im e r 's  d i s e a s e  w i l l  be in c lu d e d  t o  i n v e s t i g a t e  th e  d i f f e r e n c e s  i n  

th e  p a t t e r n s  o f  p e r c e p tu a l  m o to r p e r fo rm a n c e  i n  th e s e  g ro u p s .

F i n a l l y ,  a  p r i s m - a d a p ta t io n  s tu d y  co m p arin g  p a r k in s o n ia n s  and 

norm al c o n t r o l s  i s  b e in g  c a r r i e d  o u t  t o  t e s t  th e  h y p o th e s i s  t h a t  

th e  p a t i e n t s '  p r i s m - a d a p ta t io n  w i l l  be d e f e c t i v e  i n  co m p a riso n  t o  

c o n t r o l s .
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T h ese  a n t i c i p a t e d  s t u d i e s  em p h asize  th e  h e u r i s t i c  v a lu e  o f  th e  

m odel g e n e ra te d  by th e  p r e s e n t  s tu d y  f o r  c r e a t i n g  t e s t a b l e  h y p o th e s e s  

and p r e d i c t i o n s .
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APPENDIX A

I n d iv id u a l  T e s t  S c o re s  and H andedness In f o rm a t io n

S u b je c t H andedness
B eck D e p re s s io n  

In v e n to r y

M o d ified
M in i-M e n ta l

S t a t u s

R osen
D raw ing

T e s t

P a r k in s o n 1 s  
D is e a s e

1
3
4 
6
7
8 

11
13
14 
28
29
30
31
32
33
34

R
R
R
L
R
R
R
R
R
R
R

am bidex
R
R
R
R

3 
6

10
5

10
10

0
10

1
11

4 
12 
27

2
16

55
51
42 
49
52 
47 
41 
46
53
54
53
56
54
43 
54
57

14
9
9
8
9

13
13
10
13
13 

8
11

9
9

15
14

C o n tro l

15
16
17
18 
20 
21 
22
23
24

R
R
R
R
R
R
R
R
R

1
5 
0
6

1
6
8

56
53
54
55 
49
54
55 
52 
51

12
14
15 
12

9
12
14
13
12
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APPSBDIX B

C oltab la  U n iv ers ity  Parkinson Rating S ca le  

DKFIWrflCW OP Q-4 SCALE

1 . M e n ta t io n :
0 * norma I
1 •  Impaired c o g n i t i o n ,  e . g .  d i f f i c u l t y  w i th  a r i t h m e t i c  o r  a b s t r a c t i o n .  Normal memory.
2 " m i l d  t o  m odara ta  Impalrmant o f  c o g n i t i o n  and memory b u t  p ra s a rv a d  o r l a n t a t l o n
3 "  sa v a ra  impairment o f  c o g n i t i o n ,  mamory and o r l a n t a t l o n

-  g lo b a l  damantia  ( impairmant in a l l  i n t a l l a c t u a l  f u n c t io n s )

2. i t o t iv a t lo n / I n i t i a t i v e  
} » normal
1 ■ la a a  aaeertivm  th a n  u su a l; more p a ss iv e
2 -  lo s s  o f  i n i t i a t i v e  o r  d i s i n t e r e s t  in  e le c t iv e  (non-r o u tin e ) a c t i v i t i e s
3 -  lo s s  o f  i n i t i a t i v e  o r  d i s i n t e r e s t  in  day to  day (ro u tin e )  a c t i v i t i e s
4 «  w ith d x w n , o c n ^ la ts  lo s s  o f  m o tiv a tio n

3 .  D epression : (sad , b lu e , dow n-in -dm ^e, ancrUrte re a c t iv e )
0 ■ n o t pr esi t
1 ■ p e rio d s  o f  sadness o r  g u i l t ,  n ev er s u s ta in e d  fo r  days o r  weeks
2 -  su s ta in e d  depres s io n  (1 weak o r  more)
3 “  su s ta in e d  d e p re ss io n  w ith  v e g e ta tiv e  eynptons ( ln s o m ie ,  anoraocia, w eigh t

lo e s ,  lo s s  o f  in te r e s t )
4 » su s ta in e d  d e p re s s io n  w ith  v e g e ta tiv e  sy n p tan s and s u ic id a l  th ough ts  o r  in t a n t

. gwa 11owIng:
0 ■ normal
1 •  r a r e  choking
2 ■ o c c a s io n a l  choking
3 -  r e q u i r e s  s o f t  food
4 * r e q u i r e s  NG tuba

5. C u t t i n g  fo o d ;
0 ■ normal
1 “  somawhat slow and c lum sy ,  b u t  no h e lp  needed
2 ■ can c u t  most fo o d s ,  a l th o u g h  clumsy and slow
3 « food must be c u t  by someone,  b u t  can  s t i l l  f e ed  s lo w ly  

•  needs to  bo fed

6. Hygiene:
0 *  normal
1 ■ somewhat s low ,  b u t  can  manage a lo n e
2 * u n ab le  to  shower a lo n e ;  ve ry  slow in h y g ie n i c  c a r e
3 * r e q u i r e s  a s s i s t a n c e  f o r  w ash ing ,  b ru sh in g  t e e t h ,  combing h a i r  
<* •  f o l e y  c a t h e t e r

7. P r e s s i n g :
0 ■ normal
1 ■ s low ,  b u t  no h e lp  needed
2 ■ o c c a s io n a l  a s s i s t a n c e  w i th  b u t t o n i n g ,  g e t t i n g s  arms in  s l e e v e s
3 ”  c o n s i d e r a b le  h e lp  r e q u i r e d ,  b u t  can  do some th in g s  a lo n e  
k •  h e lp l e s s

8. T u rn in g  In  Bed:
0 •  normal
1 ■ s lo w , bu t no t h e lp  needed
2 ■ can tu rn  a lo n e , bu t w ith  g re a t d i f f i c u l t y
3 a can I n i t i a t e ,  bu t n o t tu rn  by h im s e lf  
k a h e lp le s s
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9 .  S i a l o r r h e a :
0 * none
1 “  ( l i g h t  bu t  d e f i n i t e  e x ce ss  o f  s e l l v e  in pharynx;  p e t i e n t  may be unaware t h e r e o f ,

no d ro o l in g
2 ■ m o d e ra te ly  e x c e s s iv e  s e l l v e  w i th  minimal d r o o l i n g ,  i f  any
3 “  marked excess  o f  s a l i v a  w i th  some d r o o l in g  
k -  n a rk ed  d r o o l in g ,  r e q u i r e s  s p e c i a l  m easures

10. Tremor:
0 -  a b se n t
1 ”  s l i g h t  and i n f r e q u e n t l y  p r e s e n t
2 •  m odera te  in a m p l i tu d e  b u t  on ly  i n t e r m i t t e n t l y  p re se n t
3 * m odera te  and p r e s e n t  most o f  the  t ime
k ■ marked in a m p l i tu d e  and p r e s e n t  most o f  th e  time

11. R i g i d i t y : (Judged on p a s s i v e  movement o f  m ajo r  j o i n t s  w i th  p a t i e n t  re la x e d  in
s i t t i n g  p o s i t i o n .  Cogwheeling to be i g n o re d . )

0 ■ a b s e n t
1 ■ s l i g h t  o r  d e t e c t a b l e  o n ly  when a c t i v a t e d  by m i r r o r  o r  o t h e r  movements
2 ■ m ild  t o  m oderate
3 •  marked, b u t  f u l l  range  o f  mot Ion e a s i l y  a ch iev e d  
k •  s e v e r e ,  range o f  m otion  a c h ie v e d  w i th  d i f f i c u l t y

12. Speech D i s o r d e r :
0 ■ none
1 ■ s l i g h t  lo s s  o f  e x p r e s s i o n ,  d i c t i o n  a n d /o r  volume
2 * monotone, s l u r r e d  b u t  u n d e r s t a n d a b le
3 * marked Impelrrsent,  d i f f i c u l t  t o  u n d e r s ta n d  
k •  u n l n t e l I i g l b l e

13. f a c i a l  E x p re s s io n :
0 ■ normal
1 "  minimal hypomlmia, co u ld  be normal "P oker  Face"
2 ■ s l i g h t  b u t  d e f i n i t e l y  abnormal d im in u t io n  o f  f a c i a l  e x p r e s s io n
3 ■ m odera te  hypomlmia
k -  masked o r  f ix e d  f a c i e s  w i th  s e v e re  o r  com ple te  lo s s  o f  f a c i a l  e x p r e s s io n

Ik . Foot *q i l l  t v : ( P a t i e n t  t ap s  heel  on ground in r a p id  s u c c e s s i o n . )
0 ■ normal
1 “  somewhat slow r a p id  s u c c e s s io n  movements
2 * d e f i n i t e l y  slow ra p id  s u c c e s s io n  movements
3 ■ very  slow ra p id  s u c c e s s io n  movements 
k ■ can b a r e l y  move f e e t

15. F in g e r  D e x t e r i t y : ( P a t i e n t  t a p s  thumb w i th  f o r e f i n g e r  in r a p id  s u c c e s s io n .
Then he t a p s  thumb w i th  each  f i n g e r  in r a p id  s u c c e s s io n . )

0 “ normal
1 > s i i g h t l y  slow
2 •  slow
3 “  m arkedly  slow 
k -  u nab le

16. D la d o k o k ln e s le :  ( P a t i e n t  opens and c l o s e s  h a n d s ,  p a t s  th ig h  and p r o n a ta s
~ ~  and s u p i n a t a s  hands in r a p id  su c c e s s io n . )

0 “  normal
1 •  s l i g h t l y  slow
2 -  slow
3 ■ m arkedly  slow 
k ■ u n ab le
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17. B r a d v k ln e s l a : (Combining b o th  s low ness  and p o v e r ty  o f  movement In g e n e r a l . )
0 ■ none
1 «  minimal s low ness  g i v in g  wove— n t  a  d e l i b e r a t e  c h a r a c t e r ;  co u ld  be normal

f o r  lome p e rso n s
2 ■ e l  Id  d eg ree  o f  s low ness  and p o v e r ty  o f  movement which I s  d e f  I n a t a ly  abnonsa l
3 "  n o d e r a t e  s low ness  w i th  o c c a s io n a l  h e s i t a t i o n  on I n i t i a t i n g  movasMnt and

a r r e s t s  o f  o n -g o in g  movement 
A -  n a rked  slow ness  and p o v e r ty  o f  movement, w i th  f r e q u e n t  f r e e z in g  and long 

d e la y s  In I n i t i a t i n g  movement

18. A r i s in g  from C h a ir :  ( S t r a ig h t - b a c k  wood o r  m eta l  c h a i r )
0 ■ normal
1 •  slow
2 -  pushes s e l f  up from  arms o r seat
3 * tands  t o  f a l l  back and may have t o  t r y  s e v e ra l  t im es bu t  can g a t  up w i th o u t  he 
A ■ u n ab le  to  a r i s e  w i th o u t  h e lp

I J .  P o s tu r e :
0 -  normal e r e c t
1 * n o t  q u i t e  e r e c t ,  s l i g h t l y  s to o p ed  p o s t u r e ;  c o u ld  be  normal f o r  o l d e r  pe rson
2 ■ m odera te  s im ian  p o s t u r e ,  d e f i n i t e l y  abnormal
3 * marked s im ian  p o s t u r e  w i th  kyphos is
A -  se v e re  f l e x i o n  w i th  ax tream  a b n o rm a l i ty  o f  p o s t u r e

20. P o s tu r a l  S t a b i l i t y : (Judged by re sp o n se  t o  sudden p o s t e r i o r  d i sp lac em e n t  p ro d tee c
by push on s te rnum  w h i le  p a t i e n t  s t a n d in g  as  a r e c t  a s  p o ss lb  
w i th  ey es  c l o s e d . )

0 •  normal
1 * r e t r o p u I s i o n  b u t  r e c o v e r s  una ided
2 -  a b sen ce  o f  p o s t u r a l  re s p o n s e ;  would f a l l  I f  n o t  cau g h t  by exam iner
3 ■ ve ry  u n s t a b l e ,  ten d s  t o  f a l l  s p o n ta n e o u s ly  on the  Romberg t e s t  
A -  u n ab le  t o  s t a n d  w i th o u t  a s s i s t a n c e

2*. B e l t  D i s tu r b a n c e :
0 -  f r e e l y  a m b u la to ry ,  good s t o p p i n g ,  t u r n s  r a a d i l y
1 •  walks s lo w ly ,  may s h u f f l e  w i th  s h o r t  s t e p s  b u t  no f e s t l n a t l o n  o r  p r o p u l s io n
2 •  walks w i th  g r e a t  d i f f i c u l t y  w i th  f e s t l n a t l o n ,  s h o r t  s t e p s ,  f r e e z in g  and

p r o p u ls io n  b u t  r e q u i r e s  l i t t l e  o r  no a s s i s t a n c e
3 -  se v e re  d i s t u r b a n c e  o f  g a i t  r e q u i r i n g  a s s i s t a n c e  
A * cannot  walk a t  a l l ,  even w i th  h e lp

22. D y s k in e s i a :
0 -  none ■
1 -  i n f r e q u e n t ,  m i ld ,  low a m p l i tu d e  d y s k i n e s i a
2 -  o c c a s io n a l  ( d a i l y )  low a m p l i tu d e  d y s k in e s i a
3 -  f r e q u e n t  s u s t a i n e d ,  medium a m p l i tu d e  d y s k in e s i a  
A * s e v e r a ,  p e r s i s t a n t ,  h ig h  a m p l i tu d e  d y s k in e s i a

23. P s y c h o s i s :
0 “  n o t  p r e s e n t
1 -  r a r e  l l l u s i o n a r y  phenomene, i n s i g h t  r e t a i n e d
2 •  f r e q u e n t  I l l u s i o n s ,  r a r e  h a l l u c i n a t i o n s  t h a t  Im pair  d a l l y  a c t i v i t i e s
3 * f r e q u e n t  h a l l u c i n a t i o n s / d e l u s i o n  w i th o u t  I n s i g h t  Im p a ir in g  d a l l y  a c t i v i t i e s  
A -  p e r s i s t a n t  h a l l u c i n a t i o n s / d e l u s i o n  u n ab le  t o  c a r e  f o r  s e l f



P a r k in so n 's  D is e a s e  E v a lu a tio n  S co res and D u ration  o f  I l l n e s s

D u ra tio n
T o ta l RUE+ L0E+ T o ta l ROB LOB T o ta l B rad y - P o s tu r a l o f

S u b je c t PDB* Tremor Tremor Tremor R i g id i t y R i g id i t y R i g id i t y K in e s ia S t a b i l i t y I l l n e s s

1 1 2 .5 .5 0 .5 1 .5 4 1 .5 3
3 19 .5 .5 1 1 1 4 0 1 9
4 62 1 0 1 .5 2 2 1 1 .5 6 .5 6 .5 7
6 49 2 2 7 1 1 6 .5 2 2 10
7 28 .5 .5 2 1 2 6 .5 1 .5 1 2

11 32 .5 .5 2 0 0 1 2 2 9
13 4 9 .5 0 0 0 1 .5 2 .5 2 3 16
14 23 0 1 1 1 1 3 1 1 4
28 3 .5 0 0 0 .5 0 0 0 0 18
29 38 0 0 0 1 .5 3 .5 2 2 6
30 30 0 0 0 1 .5 1 6 1 0 5
31 29 0 0 0 0 0 0 2 2 5
32 46 2 0 4 1 1 7 3 2 16
33 14 .5 0 .5 1 .5 0 2 .5 .5 0 2 .5
34 30 1 1 4 1 .5 .5 5 3 1 .5 3 .5

♦ T o ta l  d o es n o t  in c lu d e  f i r s t  3 i t e n s  o f  t h e  PDB.
+RDE ■ r i g h t  upper e x t r e m ity ;  LOB -  l e f t  upper e x t r e m ity .
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a p p e n d ix  r

T echnical D iscussion  o f  D ig it is in g  Mqnif  w t  Including Programs

and D ocw entation

The S c i e n t i f i c  A c c e s s o r ie s  C o rp o ra t io n  G raph Pen GPG-25H o u tp u ts  a 

c o n tin u o u s  s tre a m  o f  d a ta  i n  ASCII a t  9600 B aud. D a ta  was c o l l e c t e d  

th ro u g h  th e  modem p o r t  o f  th e  ComStor I  r e c o rd e r  w ith  s w i tc h e s  s e t  on 

9600 Baud f o r  b o th  t e r m in a l  and m odern p o r t s .  R e c o rd in g  in  th e  ComStor 

i s  i n i t i a t e d  and  te rm in a te d  by a  w r i t e  s w itc h  and f i l e s  sav e d  i n  t h i s  

m a t te r  a re  a u to m a t i c a l l y  c a ta lo g u e d  and s e q u e n t i a l l y  l a b e l e d .  E ach  tw o 

sw eep t r i e d  o f  each  p a th  fo r  each  hand was sav e d  a s  an in d iv id u a l  f i l e .  

D a ta  f o r  one  s u b j e c t  (12 f i l e s )  t y p i c a l l y  f i l l e d  a  d i s k .

D a ta  a n a ly s i s  began  by i n t e r f a c i n g  th e  r e c o rd e r  t o  a  D ecW rite r IV 

P r i n t e r  t e r m in a l  and c a te d o g u in g  e a c h  d i s k  t o  d e te rm in e  th e  number o f  

c h a r a c t e r s  i n  each  f i l e ,  an  im p o r ta n t  p ie c e  o f  in fo rm a t io n  f o r  th e  d a ta  

a n a ly s i s  p ro g ra m s . The r e c o r d e r  was th e n  i n t e r f a c e d  th ro u g h  i t s  modem 

p o r t  a t  1200 Baud to  th e  fo l lo w in g  com puter s e tu p :  a  MINC-11 com puter

w ith  2 RX-02 d i s k  d r i v e s ,  a  VT 125 t e r m i n a l ,  t h e  D e cW rite r IV f o r  

p r i n t o u t ,  and  and  a D ecW rite r G ra p h ic s  P r i n t e r  f o r  g r a p h ic  p r i n t o u t .  

T r a n s f e r  o f  d a ta  and i t s  a n a ly s i s  was a c c o m p lish e d  v ia  p ro g ram s w r i t t e n  

i n  MINC BASIC.

The 10 p ro g ram s p r e s e n te d  h e re  w e  c h a in e d  to g e th e r  t o  s e q u e n t i a l l y  

p e r fo rm  th e  t r a n s f e r  and a n a ly s i s  f u n c t io n s  f o r  a  maximim o f  10 f i l e s  a t  

a  t im e .  T h is  c o n f ig u r a t io n  was t y p i c a l l y  ru n  o v e r n ig h t  s in c e  d a ta  

t r a n s f e r  from  ComStor t o  MINC to o k  s e v e r a l  h o u rs .  O th e r  v e r s io n s  o f  

th e s e  p rog ram s w ere a l s o  im p lem en ted  i n  a  menu d r iv e n  fo rm a t t o  e n a b le  a
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p a r t i c u l a r  a n a l y s i s ,  o r an a n a ly s i s  o f  a p a r t i c u l a r  s e ^ n e n t  o f  t r a c i n g  

p e r fo rm a n c e . The MINC Coamand EXTRA-SPACE m ust be i n  e f f e c t  b e f o r e  m ost 

o f  th e s e  p ro g ram s a r e  u s e d . The p r i n t o u t s  h e re  a r e  o f  w o rk in g  c o p ie s  

t h a t  may c o n ta in  s l i g h t  m o d i f i c a t io n s  made f o r  d i f f e r e n t  p u rp o s e s  d u r in g  

t h e i r  u s e .  T hese  p ro g ram s s h o u ld  be c a r e f u l l y  ch eck ed  b e f o r e  th e y  a r e  

u se d .

TRANS 1 i n i t i a t e s  th e  t r a n s f e r  o f  d a t a  from  th e  ComStor t o  th e  MINC 

and s t o r e s  th e  d a ta .  The p rogram  s t o r e s  th e  d a ta  i n  two v i r t u a l  a r r a y  

f i l e s ,  one  f o r  X c o o r d in a te s  and one  f o r  Y, ap p e n d in g  "X” and "Y" t o  th e  

in p u t  f i l e  name. A f t e r  i n p u t t i n g  in fo rm a t io n  a b o u t  t h e  f i l e s  t o  be 

t r a n s f e r r e d  ( l i n e s  8 0 -9 5 ) ,  th e  program  i n i t i a t e s  a  lo o p  t o  r e c e iv e  th e  

d a ta  from  th e  C o n S to r. S in c e  th e  C onS to r s e n d s  d a ta  to o  q u ic k ly  f o r  t h i s  

lo o p  t o  h a n d le ,  a  s w itc h  on th e  r e c o rd e r  t h a t  c a u s e s  i t  t o  p a u se

m o m e n ta rily  a f t e r  each  c o o r d in a te  i s  s e n t  m ust be e n a b le d .  A f te r  up  t o  

10 f i l e s  a r e  t r a n s f e r r e d  and s t o r e d ,  th e  p rogram  c h a in s  t o  TRANS 2 .

TRANS 2 c a l c u l a t e s  v e l o c i t y  a t  e a c h  d i g i t i z e d  p o i n t .  F i r s t ,  th e

v e l o c i t y  t o  and from  a  p a r t i c u l a r  p o in t  i s  c a l c u l a t e d ,  th e n  th e  v a lu e s  

a r e  a v e ra g e d  t o  c a l c u l a t e  th e  v e l o c i t y  a t  th e  p o i n t  i t s e l f .  V e lo c i ty  

v a lu e s  f o r  each  p o in t  a r e  sav e d  i n  a f i l e  w ith  th e  same name a s  th e  X and 

Y c o o r d in a te  f i l e s ,  b u t w ith  a  V ap p e n d ed .

TRANS 3 s im p ly  f i n d s  and s t o r e s  th e  p o in t  a t  w hich th e  seco n d  sw eep 

b e g in s  i n  th e  t r a c i n g  o f  a  p a th .

TRANS 4 a c c e s s e s  th e  v e l o c i t y  f i l e s  c r e a t e d  i n  TRANS 2 and

c a l c u l a t e s  sunm ary s t a t i s t i c s  f o r  th e  t r a c i n g  v e l o c i t y  and d i g i t i z e d  

p o in t s  i n  b o th  sw eeps o f  a  t r a c e d  p a th .

TRANS 5 c a l c u l a t e s  th e  a r e a  e r r o r  m easu re s  f o r  th e  s t r a i g h t  l i n e  

p a th s .  I n  t h i s  c a s e  th e s e  c a l c u l a t i o n s  a r e  p e rfo rm e d  f o r  t h r e e  seg m en ts
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in  ea ch  sw eep . The b a s i c  p a rad ig m  w i l l  be e x p la in e d  i n  t h e  d i s c u s s io n  o f  

TRANS A.

TRANS 6 c a l c u l a t e s  a r e a  e r r o r  f o r  e n t i r e  sw eeps o f  a s a w to o th  p a th .  

The e r r o r  c a l c u l a t i o n  p a rad ig m  fo l lo w s  th e  t r a c i n g  movement u n t i l  i t  

to u c h e s  o r c r o s s e s  th e  p a th .  I t  th e n  c a l c u l a t e s  th e  a r e a  betw een  th e  

t r a c i n g  movement and th e  p a th .  T h is  i s  done by t r e a t i n g  th e  t r a c i n g  

movement c o o r d in a t e s  and th e  i n t e r s e c t e d  c o o r d in a te s  o f  th e  p a th  a s  i f  

th e y  o u t l i n e  an  i r r e g u l a r  p o ly g o n  and c a l c u l a t i n g  th e  a r e a  o f  t h i s  

p o ly g o n . A f te r  t h i s  a r e a  i s  c a l c u l a t e d ,  t r a c i n g  movement i s  once  a g a in  

fo l lo w e d  u n t i l  th e  p a th  i s  c r o s s e d  a g a in  o r  u n t i l  t h e  end o f  t h e  sw eep . 

T h u s , b o th  an  a r e a  m easu re  and th e  number o f  t im e s  th e  p a th  i s  c r o s s e d  i s  

c a l c u l a t e d .

TRANS 7 i s  s i m i l a r  t o  TRANS 6 e x c e p t  t h a t  i t  y i e l d s  t h r e e  a r e a  e r r o r  

m e a su re s  f o r  e a ch  sw eep , th e  seco n d  b e in g  th e  a r e a  e r r o r  f o r  th e  m is s in g  

segm ent o f  th e  p a th ,  and  th e  f i r s t  and t h i r d  th e  a r e a  e r r o r  f o r  

s u r ro u n d in g  p o r t i o n s .  T h u s , P a th s  5 -7  a r e  ea ch  t r e a t e d  d i f f e r e n t l y  i n  

t h i s  p ro g ram . P a th  4 was ru n  th ro u g h  a  s i m i l a r  p rog ram  t h r e e  t im e s ,  t o  

a n a ly z e  i t  a s  i f  i t  w ere  P a th s  5 , 6 and 7 t o  d e r iv e  a r e a  e r r o r  m easu re s  

f o r  p o r t i o n s  o f  P a th  4 s i m i l a r  t o  th o s e  m is s in g  in  l a t e r  p a th s .

TRANS 8 g ra p h s  and p r i n t s  t h e  t r a c i n g  movement and v e l o c i t y  o f  

s t r a i g h t  l i n e  p a th s ,  and  TRANS 9 d o e s  th e  same f o r  s a w to o th  p a t h s .

TRANS A i s  s i m i l a r  t o  TRANS 5 . I t  c a l c u l a t e s  a r e a  e r r o r  f o r  

s t r a i g h t  l i n e  p a th s  (P a th s  1 - 3 ) .  T h is  p rog ram  a l s o  u s e s  th e  s t r a t e g y  o f  

d e f in in g  and f i n d in g  th e  a r e a  o f  i r r e g u l a r  p o ly g o n s  c o n s i s t i n g  o f  

t r a c i n g  movement c o o r d in a te s  and th e  p a th  i t s e l f ,  b u t  t h i s  s t r a t e g y  i s  

im p lem en ted  in  a  s im p le r  m an n er.



TRANS 1 0 1 —DEC-B2 0 3 I0 b :b b

10 REM TRANS1
7 0  PRINT ' T h i s  p r o g r a m  t r a n s f e r s  a  s e r i e s  o f  f i l e s  f r o m  c o m s t o r  t o  d i s k . '
3 0  PRINT 'Make s u r e  t h e  p r o p e r  c u r r e n t  c o m s t o r  f i l e  i s  s e t . '  \  PRINT 
4 0  PRINT 'How many f i l e s  w i l l  vou t r a n s f e r '  \  INPUT F 
1*0 DIM P U O )
6 0  COMMON F 4 < 1 0 ) , F , 2 ( 10)
7 0  FOR I M  TO F
80  PRINT ' I n p u t  name o f  f i l e  ' I I I '  a s  i n  r e d b o o k ' l  \  INPUT F * ( I )
VO PRINT ' I n p u t  n u m b e r  o f  c h a r a c t e r s  i n  f i l e  ' » I J  \  INPUT P 
Vb PRINT ' I n p u t  f o r m  n u m b e r  < 1 , 3 - 7 ) ' ;  \  INPUT Z<I>
100 P< I > = INT< < P - 1 ) / 9 >
110 IF  P C I ) >4000 THEN PRINT 'MODIFY DIMENSION STATEMENTS BEFORE CONTINUING'
170 NEXT I 
130 Q$=CHR*<17)
140 FOR A=3 10 F
IbO OPEN 'SY1 I ' + F * < A ) + ' X '  AS F ILE #1 \  DIM #1 , X<4000> =i>
160 OPEN ' S Y 1 I ' + F * < A ) + ' Y '  AS F ILE US \  DIM # 2 , Y ( 4 0 0 0 ) = b  
170 C=0 
180 B* 1
190 KEM INITIATING RETRIEVAL PROCESS 
7 0 0  C I N ( , S * , 1 , , . 1 )
7 1 0  COUT( , 0 * )
7 7 0  FOR 1=1 TO P(A)
7 3 0  C I N ( 'R E T R I E V E ' , S * >
7 4 0  X( I )= VAL( S E G i <S * , 1 , 4 ) ) / 1 0 0
7 b 0  Y <I ) =ABS(< VAL < SEG*( S * »b , 0 ) ) / 1 0 0 ) - 9 0 )
7 6 0  C=C+1
7 7 0  PRINT F * < A ) ; C , X < I ) J Y C I )
2 8 0  NEXT I 
2 9 0  X (0)=P(A >
3 0 0  CLOSE
3 1 0  NEXT A
3 2 0  CHAIN 'TRANSZ'
3 3 0  END



TRANS2 0 1 -D E C -82 0 3 1OAT 49

10 REM TRANS2
2 0  COMMON F * ( 1 0 > . F ' Z < 1 0 >
4V FOR B*i TO F
5 0  OPEN ' S Y I : '+ F * < B ) + , X '  FOR INPUT AS FILE # 2  \  DIM # 2 .X < 4 0 0 0 > * 5
6 0  OPEN ' S Y i : ' + F * < B ) + ' Y '  FOR INPUT AS F IL E  # 3  \  DIM # 3 , Y < 4 0 0 0 > = 5
/O OPEN 'SYO:WORK' AS F IL E  # 5  \  DIM # 5 . D<4000>*5
8 0  OPEN ' S Y i :  ' + F * ( B > + ' V '  FOR OUTPUT AS FILE  # 4  \  DIM # 4 , V<4000>=5 
9 0  OPEN 'L P T '  FOR OUTPUT AS F ILE 1 
9 5  PRINT 'VELOCITY CALCULATION.’ ' ;F * < B >
100 PRINT # 1 . " "
1 10 PRINT #1 , M------------------------------------------------------------- ----------------------------------------
120 PRINT # 1 , "SUMMARY: VELOCITY CALCULATONS FOR F IL E  M;F*<B>
130 PRINT # 1 , " "
140 1=0 \  REM TOTAL OF POINT VELOCITIES
150 M=0 \  REM TOTAL OF SQUARED VELOCITIES 
160 DEF FNV<X,ApY ,B )*SQ R<<X-A>"2+<Y -B >A2 >
170 N=1 
180 N1 = X(0  >76 0  V ( 0 ) =N 
2 / 0  V (1 ) =N1 
2 8 0  N4=N+1 
2 9 0  N5=N1 
3 0 0  GOSUB 3 7 0  
3 1 0  CLOSE 
3 2 0  KILL 'UORK'
3 3 0  PRINT \  PRINT
3 4 0  NEXT B '
3 6 0  GO TO 5 6 0
3 7 0  REM # # * # * # # # # * # * # # * # # * * # # # # * # * # # * * # * # # # # # * * # * # # # # *
3 8 0  REM VELOCITY CALCULATION ROUTINE
3 9 0  REM * • * * * « « » * * » * « * * * # * * » * * » * # * * * « » * » • # * » * « * * « # * * * *
4 0 0  FOR I*N4 TO N5
4 1 0  D( I ) = F N V < X ( I - l ) » X ( I ) t Y ( I - l ) » Y ( I ) >
4 2 0  NEXT I



4 3 0  FOR I«N4 TO Nb-1
4 4 0  0 ( 1 > * I N T ( ( ( D ( I > + D ( I + 1 >  >/ 2 >* 1 0 0 0 + . 5 > / 1 0 0 0  
4 4 5  IF  0 ( 1 > > 5  THEN PRINT # 1 r 'ERROR '5 1 
4l>0 T = T+0 ( I >
4 6 0  M=M+0(I)KZ 
4 / 0  NEXT I
4 8 0  PRINT 4 1 , 'A TOTAL O F ' » ( N 5 - N 4 + 2 ) » 'POINTS WERE STUDIED'
4 9 0  PRINT # 1 > 'RANGING FROM POINT' »N»'TO P O IN T 'J N l
bOO PRINT 4 1 , 'Y E I L D I N Q ' ; ( N 5 - N 4 ) ; 'POINT OELOCITIES '
b 10 PRINT 4 1 , 'MEAN OELOCITY- ' I ( T/ ( N 5 - N 4 ) )
b 2 0  Aa ( M -( N 5 -N 4 ) * ( T /  (N5-N4 ) ) A/‘ ) /  ( N 5 - N 4 )
b 3 0  PRINT 41> 'OARIANCE* *;A
b 4 0  PRINT 4 1 . 'STANDARD DEOIATION* ' ;SGR(A>
bbO RETURN
b 6 0  CHAIN ' TRANS3'
5 7 0  END



TRANS3 01-D EC -B2 0 3 1 0 7 :5 6

10 REM TRANS3
4 0  COMMUN f * ( 1 0 ) . F , 2 ( 1 0 )
VO FOR 1=1 TO F
9i> PRINT 'TURNING POINT CALCULATION.’ ' ) F f ( T )
100 OPEN ' S Y I : / + F * ( T ) +  ' X '  FOR INPUT AS F IL E  #2  \  DIM # 2 . X( 4 0 0 0 ) = 5
110 OPEN ' S Y I I ' + F * ( T ) + ' Y '  AS FILE  #1 \ DIM #1 ,Y (4 0 0 0 )* i>
120 I=X(0>
130 FOR M=1 TO I
140 IF >■ ( M) >70 THEN GO TO 160
lbO NEXT M
160 FOR L=I1 TO I
170 IF  > ; ( L K X ( L - 1 )  THEN IF  X (L )> X (L + 1) THEN IF X (L )> X (L + 2 )  THEN GO TO 2 0 0
180 NEXT L
190 IF  1 . 0 1 THEN GO TO 2 0 0
192 CLOSE #2
194 OPEN ' L P . "  FOR OUTPUT AS F IL E  1
196 PRINT # 1 . 'NO TURNING POINT, FILE ' J F * (T )
198 Y( 0 ) = I / 2
199 GO TO 2 2 0
2 0 0 Y (0 )  = ( L - l  )
2 2 0 CLOSE
2 3 0 NEXT T
2 70 CHAIN ' TRANS4'
2 80 END

o\00



TRANS4 0 1 -D E C -82  0 3 1 0 8 :3 4

10 REM TRANS4
5 0  COMMON F * ( 1 0 ) , F . Z < 10)
VO FOR L = 1 TO F
vi» p r i n t  ' s w e e p  v e l o c i t y : ' ; F * < D
100 OPEN ' S Y i : ' + F * ( L ) + ' V ' FOR INPUT AS F ILE #4 \ DIM # 4 » V ( 4 0 0 0 )
110 OPEN ' S Y i : ' + F $ < L ) + ' X ' FOR INPUT AS F ILE #2 \ DIM #2  r X < 4 0 0 0 )
120 OPEN ' S Y i : ' + F * ( L ) + ' Y ' FOR INPUT AS FILE # 3 \ DIM #3» Y( 4 0 0 0 )
130 OPEN ' L P : ' FOR OUTPUT AS F IL E  1
140 PRINT # ! , " ■
150 PRINT # 1 , “
160 PRINT # 1 r"SWEEP VELOCITY STATISTICS FOR F ILE " ; F $ ( L )  
170 PRINT # 1 , " "
180  N=2 
190 N1=Y( 0 )
2 0 0  N2=Y( 0 )
2 1 0  N3=X( 0 ) - 1
2 2 0  PRINT # 1 , 'SWEEP i : '
2 3 0  N4=N \  N5*N1 \  GOSUB 3 2 0  
2 4 0  PRINT # 1 ,  'SWEEP 22'
2 5 0  N4=N2 \  N5=N3 \  GOSUB 3 2 0  
2 6 0  CLOSE 
2 7 0  NEXT L 
2 8 0  GO TO 4 7 0
2 9 0  REM # # * * # # # # * # # * * * * # # # # * * # # # # # # # # # # # * * * # # * # * # # * * * *
3 0 0  REM VELOCITY CALCULATION ROUTINE
3 1 0  REM a * # * * # * * # * * # * # * * * * # * # # * # # # * # * * # # * * * * * # * * * # * * * *
3 2 0  T«0 \  REM TOTAL OF POINT VELOCITIES 
3 3 0  Ms 0 \  REM TOTAL OF SQUARED VELOCITIES 
3 4 0  FOR I=N4 TO N5 
3 5 0  T=T+V<I )
3 6 0  M=M+V(I) A2 
3 7 0  NEXT I 
3 8 0  R=N5-N4+2



3 9 0  PRINT # 1 , ' A  TOTAL O F ' ; <R>i POINT VELOCITIES WERE STUDIED' 
4 0 0  PRINT # 1 , 'RANGING FROM POINT' ; N 4 ; 'TO POINT' »Nb 
4 1 0  PRINT #1» 'MEAN VELOCITY* ' *,(T/R)
4 7 0  A " ( M - ( R ) * < T / R > " 2 ) /R
4 3 0  PRINT # 1 . 'VARIANCE* '}A
4 4 0  PRINT #1 * 'STANDARD DEVIATION* ' ;SQR(A>
4 5 0  PRINT # 1 , "
4 60  RETURN
4 7 0  CHAIN ' TRANS5'
4 0 0  END



TRANS5 01 -D E C -82  0 3 1 0 9 :4 1

10 REM TRANS5
2 0  COMMON F * ( 1 0 ) » F * Z ( 10)
3 0  F1*F
8 0  FOR 2=1 TO FI
8 b  IF  2 ( 2 ) > 3  THEN GO TO 1240
8 /  PRINT 'SEGMENTAL AREA! ' ; F * < 2 >
9 0  OPEN ' S Y i : ' ♦ F * ( 2 ) + ' X '  FOR INPUT AS F ILE #2  \  DIM # 2 r X ( 4 0 0 0 > » 5  
100 OPEN ' S Y I ! ' + F * ( 2 ) + ' Y '  FOR INPUT AS FILE # 3  \  DIM # 3 ,Y < 4 0 0 0 > = 5
110 OPEN ' S Y I ' + F * ( 2 ) + ' M '  FOR INPUT AS F IL E  # 4  \  DIM * 4 , U ( 4 0 0 0 ) « 5
120 OPEN ' L P T '  FOR OUTPUT AS F IL E  1
130 DIM D<5O0>
140 REM ****SET ENDPOINTS 
ISO PRINT # 1 , " H
160 PRINT # 1 ,  " ----------------------- ‘-----------------------------------------------------------------------------
170 PRINT # 1 > "ERROR STATISTICS FOR F ILE " J F * ( 2 )
180 PRINT # 1 , MM 
190 N=1 
2 0 0  N1=Y( 0 )
2 1 0  N2=Y( 0 )
2 2 0  N3=X ( 0 )
2 3 0  FOR I=N TO N1
2 4 0  IF  X < I ) > 4 0 . 5 9  THEN N 7 « ( I - 1 >  \  GO TO 2 6 0
2 5 0  NEXT I
2 6 0  FOR I=N7 TO N1
2 7 0  IF  X < I > > 5 5 .5 9  THEN N 8 = ( I - 1 )  \  GO TO 2 9 0
2 8 0  NEXT I
2 9 0  FOR I a N2 TO N3
3 0 0  IF  X< 1 X 5 5 . 5 9  THEN N 9 « ( I - 1 >  \  GO TO 3 2 0
3 1 0  NEXT I
3 2 0  FOR I=N9 TO N3
3 3 0  IF  X< 1 X 4 0 . 5 9  THEN 01 = ( I - 1 >  \  GO TO 3 5 0  
3 4 0  NEXT I
3 5 0  N5=N \  N6=N7 \  GOSUB 4 2 0



3 6 0  Nb=N7 \  N6=N8 \  GOSUB 4 2 0
3 7 0  Nb=N8 \  N6*N1 \  GOSUB 4 2 0
3 8 0  Nb=N2 \  N6-N9 \  GOSUB 4 2 0
3 9 0  Nb=N9 \  N6=01 \  GOSUB 420
4 0 0  Nb=01 \  N6=N3 \  GOSUB 4 2 0
4 1 0  GO TO 1220
4 2 0  E=0 \  REM DIFFERENCE SCORES 
4 3 0  G=0 \  REM AREA TOTAL 
4 4 0  H=0 \  REM POLYGON COUNTER 
4 b 0  F * 0  \  REM SET FLAG
4 6 0  C=1 \  REM COUNTER FOR DIFFERENCE ARRAY
4 7 0  READ X l . Y l . X 2 t Y 2
4 8 0  DATA 2 3 . b 7 , 2 1 . 4 2 , 7 2 . 6 1 . 2 1 , 5 b
4 9 0  DEF FNV( X ) = Y l+ < ( ( Y 2 -Y 1 ) * ( X - X l ) ) / ( X 2 -X 1 ) )
bOO Z 1= X( Nb)
b l O  Z2=FNV<X(N5>)
f>20 B=Nb \  REM POLYGON ENDPOINT
b 3 0  REM * # * * * # # * * * # # # # * * * # # # # * * * * # * * # * # * #
b 4 0  REM START MAIN LOOP
bbO REM *#* # * # # * * # » # # # * # # # •* * * •» * * # # # # # * * # *
b 6 0  FOR I - N b  TO N6
b 7 0  D ( C ) = Y ( I ) - F N V ( X( I ) )
b 8 0  A*SGN(D(CM
b 9 0  IF  F=0 THEN GO TO 6 6 0
6 0 0  IF  F = 1 THEN GO TO 6 2 0
6 1 0  IF  F = - 1 THEN GO TO 6 4 0
6 2 0  I F  A O l  THEN GOSUB 1260
6 3 0  GO TO 6 7 0
6 4 0  IF  A O - 1  THEN GOSUB 1260  
6 b 0  GO TO 6 7 0
6 6 0  IF  A30 THEN E=I \  Z1=X<I> \  Z2*FN0<X(I>> 
6 7 0  F*A 
6 8 0  C*C+1
6 9 0  IF  C=b00 THEN GOSUB 1470  
7 0 0  NEXT I '•'1

to



7 1 0  RtM * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
7 20  REM F IN IS H  LOOP AND MOP UP
7 3 0  REM # « # * » # # * * « » * # « # # # » * * « * » # * « * * # * * * « • » *
7 4 0  GOSUB 1470
7 5 0  IF  F=0 THEN GO TO 9 8 0  \  REM NO NEED FOR END ROUTINE
7 60  I F  B< >I THEN GO TO 8 5 0
7 7 0  X3®X<I) \  REM # * * *  START END ROUTINE NUMBER 1
7 8 0  Y3=FNV(X3)
7 9 0  M * ( Z 1 4 X ( I > ) * ( Z 2 - Y ( I > )
BOO P ® ( X ( I ) + X 3 ) * ( Y ( I ) - Y 3 )
8 1 0  G=(X3+Z1>*<Y3-Z2>
8 2 0  G®G+ABS< <M+P-MI>/2>
8 3 0  H=H+1 
8 4 0  GO TO 9 7 0
8 5 0  L=0 \  REM **** START END ROUTINE NUMBER 2
8 6 0  FOR R=B+1 TO I
8 7 0  L=L+( X( R - l ) + X ( R ) ) » ( Y < R - 1 ) - Y ( R ) )
8 8 0  NEXT R 
8 9 0  X3=>( ( I )
9 0 0  Y3=FNV( X( I ) )
9 1 0  M®( X( I ) + X 3)* ( Y( I ) - Y 3 )
9 2 0  P®(X3+Z1) * ( Y3-Z2)
9 3 0  G = ( Z 1 + X ( B ) ) * ( Z Z - Y ( B ) )
9 4 0  G=G+ABS( ( L+M+P+Q>/ 2 )
9 5 0  H®H+1
9 7 0  REM * * * * * * « * » * « » # * * • * *
9 8 0  REM SUMMARY STATISTICS 
9 9 0  REM * * * * # • * • * * * * * • * * • •
1000  PRINT # 1 , " # # # * * * # * * * "
1010  IF  N5=N THEN PRINT # 1 , " I N  SHEEP 1"
1020  IF  N5=N2 THEN PRINT # 1 , " I N  SHEEP 2"
1030  PRINT #1» HA TOTAL OF " i( N 6 - N 5 + 1 ) 1 "  POINTS HERE STUDIED"
1040  PRINT # li "FROM  POINT"5N5J"TO POINT"5N6
1050  PRINT # 1 r"AREA CALCULATION ROUTINE HAS RUN " I H I "  TIMES"
1060  PRINT # 1 , “ TOTAL AREA MEASUREMENT = "JG
1070  PRINT # 1 » "MEAN SUM OF SQUARED DEVIATIONS® " ! ( E / ( N 6 - N 5 + 1 ) )



1080  PRINT # 1 , " "
1090  RESTORE
1100  REM *«*MELOCITY**#*
1110  T=0 \  T 1 *0 
11Z0 IF  N5=N THEN N5*N5+1 
1130  IF  N6=N3 THEN N6=N6-1 
1140  FOR I=N5 TO N6 
1150  T*T+V<I>
1 1 6 0  1 1 =T1+V <I) A2 
1170  NEXT I 
1180  T3=N6-N5+Z
1185 PRINT # 1 f 'MEAN VELOCITY* 7 K T / T 3 1
1190  PRINT # 1 f 'STANDARD DEVIATION* ' 5SQR( < T 1 - T 3 * <T / T 3 >rt2 >/ T 3 > 
1200  PRINT #1* "
1Z10 RETURN 
1ZZ0 CLOSE 
1230  RESTORE 
1240  NEXT Z 
1245  F*F1 
1250  GO TO 1560
1260  REM i n # * * # # # * * * # # # # * # # # * * # * * * * *
1 2 7 0  REM AREA CALCULATION SUBROUTINE 
1280  REM • • * # * * * * # * • * * « • * * * « * * « * * • * *
1290  L«0 \  M*0 \  P*0  \  8 * 0
1300  FOR R = ( B + l ) TO 1 -1
1310  L * L + ( X ( R - 1 ) + X ( R ) ) # ( Y ( R - 1 ) - Y ( R ) )
1320  NEXT R
1330  I F  X ( I - 1 ) - X < I ) * 0  THEN X 3 * X ( I )  \  GO TO 1370  
1340  S I  * ( Y 1-Y 2) / ( X 1 -X 2 )
1350  52= <Y( I — 1 l - Y C I ) > / ( X( 1 - 1 ) - X ( I ) )
1360  X 3 = ( ( Y 1 - S 1 # X 1 ) - ( Y ( I - 1 > - S 2 * X < I - l ) ) ) / ( S 2 - S l )
1370  Y3=FNV(X3)
1380  M * ( X ( I - 1 ) + X 3 ) * ( Y ( 1 - 1 ) - Y 3 )
1390  P=<X3+Z1>#<Y3-ZZ>
1400  8 = ( Z l + X ( B ) ) * ( Z Z -Y ( B ) )
1410  G=G+ABS<<L+M+P+8>/2>



1420  B*I 
1430  Z 1 =X3 
1440  Z7 = Y3 
1450  H=H+1 
1460  RETURN
1 4 7 0  REM I* * # # * # # * # # * * # # * # # * # * # * # * # #
1480  REM DIFFERENCE ARRAY SUMMATION 
1490  REM * * • * • • * • • • • • • • • * • • • * * » • • • •
lt>00 FOR R= 1 TO C
1510  E e E + D (R )A2
1520  D<R)=0
1530  NEXT R
1540  C=J
1550  RETURN
1560 CHAIN ' TRANS6'
1570 END



TRANS6 01 -DEC-BZ 0 3 :1 1 :5 1

10 REM TRANS6
1Z COMMON F * < 1 0 ) , F , Z < 10)
l b  FOR Z = 1 TO F
2 0  IF  Z<2><>4 THEN GO TO 1200 
3 0  PRINT ' a r e a : ' ; f * ( z i
4 0  OPEN ' S Y i : ' + F * < Z > + ' X '  FOR INPUT AS F IL E  # 2  \  DIM #2 ,X <4000>*&
bO OPEN ' S Y I : ' + F 4 ( Z > + ' Y '  FOR INPUT AS FILE  # 3  \  DIM # 3 ,Y < 4 0 0 0 > = 5
6 0  OPEN ' L P . "  FOR OUTPUT AS F ILE 1
7 0  DIM E ( b . l )
0 0  PRINT # 1 , “ "
9 0  PRINT # 1 , " ------------------------------------------------------------------------------------------------------
100  PRINT # 1 , "ERROR STATISTICS FOR F ILE H; F * ( Z )
110 PRINT 4 1 , " "
120 REM *****»*S ET ENDPOINTS********
130 Net  
140  N1=Y(0) 
lbO  N2=Y( 0 )
160 N3=X( 0 )
2 8 0  REM ******CYCLE CONTROL******
2 9 0  Nb=N 
3 0 0  N6*N1 
3 1 0  GO TO 3 b 0  
3 2 0  Nb*N2 
3 3 0  N6«N3
3 4 0  REM * * * * *  SET UP VARIABLES * * * * *
3bO B«Nb \  REM POLYGON ENDPOINT
3 6 0  D=0 \  REM DIFFERENCE VALUE
3 7 0  G»0 \  REM AREA TOTAL
3 8 0  H*0 \  REM POLYGON COUNTER
3 9 0  L*1 \  REM LAST SAMTOOTH SEGMENT
4 0 0  VM \  REM FIRST SAWTOOTH SEGMENT
4 1 0  I=Nb \  REM CURRENT POINT
4 2 0  READ E < 0 , 0 ) , E ( 0 , 1 ) , E ( 1 , 0 ) , E ( 1 , 1 ) , E ( 2 . 0 ) , E ( 2 , 1 ) , E ( 3 , 0 ) , E ( 3 , 1 )  
4 3 0  READ E ( 4 , 0 ) , E < 4 , 1 > , E ( 5 , 0 ) , E ( b , 1)



4 4 0  DATA 22,1 6 . 3 2 , 3 8 . 9 5 * 2 6 . 2 8 , 3 8 . 8 9 ,  1 6 . 2 3 , 5 5 . 8 3 , 2 6 . 4 , 5 5 . 9 5 , 1 6 . 3 2 , 7 2 . 8 1 , 2 6 . 4 4  
4 50  DATA 7 2 . 8 1 , 2 6 . 4 4 , 5 5 . 9 b . 1 6 . 3 2 , 5 5 . 8 3 * 2 6 . 4 , 3 0 . 8 9 , 1 6 . 2 3 , 3 0 . 9 5 , 2 6 . 2 8 . 2 2 . 1 6 . 3 2  
4 6 0  DEF FNA<X1*E<0.1 ) + ( ( ( E ( 1 , 1 ) - E < 0 , 1 ) ) * < X - E < 0 , 0 > > > / < E < 1 . 0 ) - E < 0 , 0 > > >
4 / 0  DEF F N D < Y ) = E ( l» 0 ) + < < <E< 2 . 0 1 - E < 1 . 0 > > * ( Y - E ( 1 » 1 ) 1 > / <E<2 . 1 1 - E <1 ,1>11  
4 8 0  DEF F NC (X )a E ( 2 » l ) + ( < < E < 3 , l ) - E ( 2 » l ) > * ( X - E < 2 , 0 > > > / <E< 3 , 0 1 - E <2,0> > >
4 9 0  DEF F N D ( Y ) * E ( 3 » 0 ) + ( ( < E ( 4 , 0 ) - E < 3 , 0 > > * < Y - E < 3 . 1 ) ) 1 / ( E < 4 , 1 1 - E ( 3 , 1 ) ) )
1*00 DEF FNE ( X ) = E ( 4 , l ) + (  ( ( E ( 5 ,  1 ) -E  < 4 ,  1 > >*<X-E<4,0> ) ) /  (E < 5 . 0 )  -E  ( 4 r 0 )  ) )
5 1 0  GOSUB 1540  
5 2 0  Z 1“ 25 \  Z 2 e 26
5 3 0  REM * * # * # # # # * * # # * * # # # # # # * # # # * # * * # * * # *
5 4 0  REM MAIN LOOP
5 5 0  REM
5 6 0  FOR I * ( N5+1> TO N6 
5 7 0  FOR A=L TO 5
5 8 0  IF  X ( I - 1 ) - X < I ) « 0  THEN Z 3 * X ( I )  \  GO TO 6 3 0  
5 9 0  S 1a < E < A - l , i ) - E ( A , i ) ) / ( E ( A - 1 , 0 ) - E ( A, 0 ) )
6 0 0  S 2=< Y (I  — 1>—Y ( I > >/<X<I  — 1»—X ( I >)
6 1 0  IF  S I  =S2 THEN GO TO 7 7 0
6 2 0  Z3= IN T( ( ( ( E ( A - 1 , 1 > - S l # E < A - l , 0 1 ) - ( Y ( I - l > - S Z * X ( I - l ) ) ) / ( S 2 - S l ) ) # 1 0 0 1 / 1 0 0  
6 3 0  IF  Z3< *E(A »0)  THEN IF  Z 3 > = E ( A - 1 ,0 >  THEN GO TO 6 6 0  
6 4 0  IF  Z3<=E<A -1 ,0>  THEN I F  Z3>=E<A,0> THEN GO TO 6 6 0  
6 5 0  GO TO 780
6 6 0  IF  23> = X < I-1>  THEN IF  Z 3 < = X ( I )  THEN GO TO 6 9 0  
6 7 0  IF  Z3>=X(I>  THEN I F  Z 3< a X < I - l >  THEN GO TO 6 9 0  
6 8 0  GO TO 7 80
6 9 0  Z 4 = E < A - l » 1 ) + ( < ( E ( A . 1 ) - E ( A - l . 1 1 > * < Z 3 -E < A -1 , 0 ) 1 > / < E < A , 0 > - E < A - l . 0 ) ) )
7 0 0  2 4 = INT( Z 4 # 1 0 0 ) / 1 0 0
710  IF  24< =E(A»1) THEN I F  Z4>=E<A-1»1> THEN GO TO 740  
7 2 0  IF  Z4< =E( A - l » 1) THEN I F  Z4>=E<A,1> THEN GO TO 740  
7 3 0  GO TO 7 90
7 4 0  IF  Z4>=Y( I —1) THEN IF  Z 4 < = Y ( I )  THEN GO TO 8 0 0  
7 5 0  IF  Z 4 > = Y < I) THEN IF  Z 4 < = Y ( I - 1 )  THEN GO TO 8 0 0  
7 60  GO TO 7 00
7 7 0  IF  X ( I - 1 ) « Z 1  THEN IF  Y ( I - 1 ) * Z 2  THEN Z 3 » X ( I )  \  Z 4 - Y ( I )  \  GO TO 8 4 0  
780  NEXT A 
7 9 0  GO TO 8 4 0
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1140 REM * * * • * * « » * » # » • * • * » «
1150 REM SUMMARY STATISTICS  
1160 REM * * * * * « * « * * • * # * « # * *
1170 PRINT # 1 , " # * * * * * * * # * "
1180 IF  N6=N1 THEN PRINT # 1 , " I N  SHEEP 1 “
1190 I F  N6=N3 THEN PRINT # 1 , " I N  SHEEP 2"
1200 PRINT # 1 , " # * # # # # * # * # "
1210 PRINT #1 * " A TOTAL OF " J (N 6 -N 5 + 1 ) I " POINTS HERE STUDIED"
1220 PRINT # 1 r"FROM POINT"JN5J"TO POINT";N6
1230 PRINT #1 * "AREA CALCULATION ROUTINE MAS RUN "JH;"  TIMES"
1240 PRINT # 1 , "TOTAL AREA MEASUREMENT = "JG
12t>0 PRINT # 1 , " "
1260 I F  N6»N1 THEN GO TO 320
1270 CLOSE
1275 RESTORE
1280 NEXT 2
1310 GO TO 1630
1320 REM * * * * * * * * * * * * * * * * * * * * * * * * * * *
1330 REM AREA CALCULATION
1340 REM * * # * # # * * # # # * * * # # * # # * * # * * # # #
1350 S=0 \  M=0 \  P=0 \  P1*0  \  P2=0 \  G=0 
1360 FOR R=<B+1) TO ( 1 - 1 )
1370 S * S + ( X ( R - 1 ) + X ( R ) > * < Y ( R - 1 > - Y ( R >  >
1380 NEXT R
1390 M » ( X < I - 1 ) + Z 3 ) # ( Y ( I - 1 ) - Z 4 )
1400 I F  L=V THEN P«(Z3+Z1>«<Z4-Z2> \  GO TO 1460 
1410 P = ( Z 3 + E ( L - 1 » 0 ) ) * ( Z 4 - E < L - 1 , 1 ) )
1420 FOR R«(V+1)  TO <L-1>
1430 P 1 = P 1 + ( E ( R . 0 ) + E ( R - 1 , 0 ) ) * < E ( R . 1 ) - E ( R - l . 1 ) )
1440 NEXT R
1450 P 2 = ( E ( V , 0 ) + Z 1 ) * ( E ( V , 1 >-Z2>
1460 G = ( Z 1 + X ( B ) > * ( Z 2 - Y ( B ) )
1470 G>G+ABS( <S+M+P+P1+P2+G>/ 2 >
1480 B=I  
1490 Z 1 SZ3 
1500 Z2=Z4



1 M O  U=L 
1520 H=H+1 
1530 RETURN
1540 REM * * » » » » » * • * • * * • » • » * * « * * * * » • • * « * *  
1550 REM ENDPOINT CALCULATION 
1560 REM - f t * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
1570 I F  L = 1 THEN Z5«X<I>  \  Z6=FNA(X<I>>  
1580 IF  L * 2  THEN Z5«FNB<Y( I> )  \  Z6=Y<I>  
1590 IF  L=3 THEN Z 5 » X ( I )  \  Z6=FNC<X<I>>  
1600 I F  L =4 THEN Z5«FND(Y<I )>  \  Z 6 = Y ( I )  
1610 I F  l.=5 THEN Z 5 * X ( I )  \  Z6=FN E<X( I> )  
1620 RETURN 
1630 CHAIN 'TRANS7'
1640 END

CDO



TRANS7 0 1 -D E C -02 0 3 1 1 4 :2 8

1 0  REM TR ANS7
2 0  COMMON F * < 1 0 > , F , Z < 1 0 >
3 0  FOR 2 = 1  TO F
4 0  I F  2 ( 2 X 5  THEN GO TO 1 5 5 0
5 0  P R I N T  'SEGMENTAL A R E A :  ' ; F * < 2 >
6 0 OPEN ' S Y i : ' + F 4 ( 2 ) + ' X ' FOR I N P U T AS F I L E # 2 \ DIM # 2 , X ( 4 0 0 0 ) = 5
7 0 OPEN ' S Y i : ' + F * ( Z > + ' Y ' FOR I N P U T AS F I L E # 3 \ DIM # 3 , Y ( 4 0 0 0 ) = 5
8 0 OPEN ' S Y I  .* ' + F * ( Z ) + ' V ' FOR I N P U T AS F I L E # 4 \ DIM # 4 , V < 4 0 0 0 ) * 5
9 0 OPEN ' L P X  FOR OUTPUT AS F I L E  1
100 DIM E ( 5 > 1)
110 DATA 2 2 , 1 6 . 3 2 . 3 8 . 9 5 > 2 6 . 2 8 r 3 0 . 8 9 , 1 6 . 2 3 , 5 5 . 8 3 , 2 6 . 4 , 5 5 . 9 5 , 1 6 . 3 2 , 7 2 . 8 1 , 2 6 . 4 4  
120 DATA 7 2 . 8 1 , 2 6 . 4 4 , 5 5 . 9 5 , 1 6 . 3 2 , 5 5 . 8 3 , 2 6 . 4 , 3 8 . 8 9 , 1 6 . 2 3 , 3 8 . 9 5 , 2 6 . 2 8 , 2 2 , 1 6 . 3 2  
130 PRINT # 1 . " "
140 PRINT # 1 , " ---------------------------------------------------------------------------------------------------------------------------------
150 PRINT H1 , "ERROR STATISTICS FOR F ILE  " ; F * ( Z > ; m ANALYZED AS PATTERN " ; Z < 2 > 
160 PRINT # 1 , “ "
170 N=1 
180 N1=Y( 0 )
190 N2=Y( 0 )
200 N3=X(0 )
210 I F  2 ( Z )=5  THEN X l = 4 0 . 5 1  \  X2=54.51
220 I F  2 ( Z )=6 THEN X l = 5 5 . 9 1  \  Y l = 2 1 . 5 2  \  X2«65.B5
730 I F  2 <Z )=7 THEN X l = 4 7 . 5 8  \  X 2 =6 5 .8 5
240 FOR I=N TO N1
250 I F  2 (2 > = 6  THEN GO TO 200
260 I F  X ( I ) > = X 1  THEN N 7 = ( I - 1 >  \  GO TO 300
270 GO TO 290
280 I F  Y ( I ) < = Y 1  THEN I F  X ( I ) > 5 3  THEN N 7 » ( I - 1 )  \  GO TO 300
290 NEXT I
300  FOR I=N7 TO NI
310 IF  X ( I ) >=X2 THEN N 8 = ( I - 1 )  \  GO TO 330  .
320 NEXT I
330 FOR I=N2 TO N3
340 I F  X ( I )< =X2 THEN N 9 = ( I - 1 )  \  GO TO 360



3 5 0  NEXT I
360 FOR I - N 9  TO N3
3 7 0  I F  2 ( 2 ) * 6  THEN GO TO 4 0 0
3 8 0  I F  X ( I X = X 1  THEN 0 1  = 1 \  GO TO 4 2 0
3 9 0  GO TO 4 1 0
4 0 0  I F  Y ( I  ) > = Y1 THEN I F  X ( I > < = 5 9  THEN 01 = < 1-1 > \  GO TO 4 2 0  
4 1 0  NEXT I
420 READ E < 0 ' 0 ) ' E < 0 ' l > ' E < l ' 0 ) ' E < l r l ) ' E ( 2 ' 0 > ' E < 2 ' l > ' E < 3 ' 0 > r E < 3 , l >
430 READ E ( 4 * 0 ) f E ( 4 f l ) » E ( S r 0 ) r E ( b r l )
440 N5=W \  N6=N7
450 I F  Z ( Z ) =6 THEN L = 1 \  L I  = 4 \  GO TO 470
4 6 0  L = 1  \  L 1 = 3
4 7 0  GOSUB 7 7 0
480 N5=(N7+1J \  N6=N8
4 9 0  I F  2 ( 2 ) = 5  THEN L = 3  \  L I = 3
500 I F  2 ( 2 ) = 6  THEN L * 4  \  L l * 5
510 I F  Z ( Z ) =7 THEN L«3 \  L l = 5
520 GOSUB 770
530 N5=( N8+1) \  N6=N1
5 4 0  L l = b
550 I F  2 ( 2 ) = 5  THEN L=3 
560 I F  2 ( 2 ) = 6  THEN L * 5  
5 / 0  I F  2 ( 2 ) = 7  THEN L«5  
580 GOSUB 770
5 9 0  READ E ( 0 r 0 ) f E < 0 r l ) ' E < 1 . 0 ) ' E ( l ' l ) ' E ( 2 r 0 ) ' E ( 2 r l > ' E < 3 ' O ) , E ( 3 ' l ) ' E ( 4 , O )  
6 0 0  READ E ( 4 > l ) » E ( 5 r O ) r E ( 5 > l )
6 1 0  N 5 = N 2  \  N 6 = N 9 - 1  
6 2 0  L = 1
630 IF  2 ( Z ) = 5  THEN L l » 3  
640 I F  2 ( 2 ) = 6  THEN L l » l  
650 I F  2 < 2 )= 7  THEN L l  = l  
660 GOSUB 770  
6 / 0  N5=N9 \  N6=( 0 1 - 1 )
680  IF  Z ( Z ) = S  THEN L=3 \  L l = 3
690 IF  2 ( 2 ) = 6  THEN L=1 \  L l = 2
700 IF  2 ( Z )=7 THEN L*1  \  L I =3



710 GOSUB 770  
770 N5=01 \  N6-N3
730 IF  Z<2>=6 THEN L=2 \  L l * 5  \  GO TO 750  
740 L=3 \  L I =5 
750 GOSUB 770  
760 GO TO 1530
770 B-N5 \  D“0 \  G*0 \  H*0  \  V = L \  I=N5
780  DEF FNA<X)*E<0, 1) + < <( E<1 . 1 ) - E ( 0 . 1 ) > * < X- E < 0 . 0 > > ) / < E < l , 0 ) - E < 0 . 0 > > >
790 DEF F N B ( Y ) * E ( l » 0 > + ( ( < E < 2 , 0 ) - E < 1 , 0 ) > *< Y -E < 1 , 1 ) ) ) / < E < 2 .1 ) - E ( 1 , 1 ) ) )
800  DEF F N C (X > = E (2 r1 ) + ( ( ( E ( 3 , 1 ) - E ( 2 r 1> > * < X - E < 2 r O > ) ) / < E ( 3 , 0 ) - E ( 2 r 0 ) > )
8 1 0  DF F F N D ( Y ) - E ( 3 r O )  + ( ( < E < 4 , 0 > - E ( 3 , 0 )  > « < Y - E < 3 . I ) ) ) / ( E ( 4 , 1 ) - E ( 3 . 1 > ) )
8 2 0  DEF FNE ( X ) * E ( 4 * l )  + << < E < 5 . 1 ) - E ( 4 , 1 ) ) * < X - E < 4 , 0 > > > / < E < 5 , 0 ) - E <4 , 0 > > >
830  GOSUB 1780  
840  Z 1=Zb \  Z2=Z6
850 F»EM * * * * * * * * * * * *  MAIN LOOr * * * * * * * * * * * * * *
860  FOR I M N 5 + 1 )  TO N6 
870 FOR A=L TO L I
880  IF  >(< 1-1 ) - X (  I >«0 THEN Z 3 « X ( I )  \  GO TO 930  
890 S 1 * ( E < A - 1 , 1 ) - E ( A , 1 ) ) / < E < A - l r 0 > - E < A , 0 >  >
900 S2s ( Y < I - 1 > - Y < I ) ) / ( X ( I - l ) - X < I ) )
910  I F  S1=SZ THEN GO TO 1070
920 Z 3 = IN T ( ( ( ( E ( A - 1 » 1 ) - S 1 * E ( A - 1 * 0 ) ) - ( Y < 1 - 1 > -S 2 *X < 1 - 1 ) ) > / < S Z - S l > > * 1 0 0 ) / 1 0 0  
930 I F  Z3< = E (A *0 )  THEN IF  Z3> = E ( A - 1 , 0 )  THEN GO TO 960  
940 I F  2 3 < = E (A -1 .0 >  THEN IF  Z 3 > = E (A ,0 )  THEN GO TO 960  
950 GO TO 1080
960 I F  Z3> = X ( I - 1 )  THEN I F  Z 3 0 X < I >  THEN GO TO 990  
970 IF  Z 3 > = X ( I ) THEN I F  Z3<=X<I  1) THEN GO TO 990  
980 GO TO 1080
990 Z 4 = E ( A - 1 , 1 )  + ( ( ( E ( A r l ) - E ( A - l  , 1) ) * ( Z 3 - E ( A - 1 , 0 )  ) ) / ( E ( A . 0 ) - E ( A - 1 . 0 M )
1000 Z 4 * I N T ( Z 4 * 1 0 0 ) / 1 0 0
1010 I F  Z4<=E(A»1) THEN I F  Z 4 > = E ( A - 1 . 1 )  THEN GO TO 1040  
1020 IF  Z 4 < = E ( A - 1 r 1) THEN I F  Z 4 ? = E (A ,1 )  THEN GO TO 1040 
1030 GO TO 1080
1040 I F  Z4>=Y( 1 - 1 )  THEN I F  Z 4 < * Y ( I )  THEN GO TO 1100 
1050 I F  2 4 > * Y ( I ) THEN IF  Z 4 < * Y ( I - 1 )  THEN GO TO 1100 
1060 GO TO 1080



1070 IF  X ( I - 1 ) = 2 1  THEN I F  Y < I -1 > = 2 2  THEN 2 3 = X < I )  \  24=Y<I>  \  GO TO 1140 
1080 NEXT A 
1090 GO TO 1140
1100 IF  X < I ) = X < I - 1 )  THEN I F  Y C I» « Y < I—1> THEN GO TO 1140
1110 IF  21=23 THEN I F  22=24 THEN GO TO 1140
1120 L=A
1130 GOSUB 1580
1140 NEXT I
1150 HEM END ROUTINES
1160 L=L1
1170 I F  B O I  THEN GO TO 1260
1100 GOSUB 1780 \  REM * * * *  START END ROUTINE NUMBER 1
1190 23=25 \  24=26
1200 M = ( 2 1 + X ( I ) ) * ( 2 2 - Y ( I ) )
1210 P = ( X < I ) + 2 3 > * ( Y ( I ) - 2 4 )
1220 Q =(2 3 + 2 1 > * ( 2 4 - 2 2 )
1230 G=G+ABS((M+P+Ql/2)
1240 H=H+1 
1250 GO TO 1420
1260 S=0 \  P*0  \  P1=0 \  P2=0 \  REM *##«  START END ROUTINE NUMBER 2 
1270 FOR R=B+1 TO I
1280 S=S+( X ( R - 1 ) + X < R ) ) * ( Y < R - l >- Y ( R ) )
1290 NEXT R
1300 GOSUB 1780
1310 23=25 \  24=26
1320 M»( X ( I ) + 2 3 ) * ( Y ( I > - 2 4 >
1330 IF  L=V THEN P=( 2 3 + 2 1 ) # ( 2 4 - 2 2 )  \  GO TO 1390 
1340 P = ( 2 3 + E ( L - 1 * 0 ) ) * ( 2 4 - E ( L - l «1)>
1350 FOR R=(V+1)  TO < L - I>
1360 P2=P2+ ( E <R r0 )  +-E<R - 1 . 0 )  > *<E (R ,  1 ) - E ( R - l  , 1 ) )
1370 NEXT R
1380 P 1 = ( E ( V , 0 ) + 2 1 ) * ( E ( V . 1 ) - 2 2 )
1390 Q = ( 2 1 + X ( B ) ) * ( 2 2 - Y ( B ) )
1400 G=G+ABS((S+M+P+P1+P2+Q)/2)
1410 H=H+1
1420 REM SUMMARY STATISTICS



1430 PRINT #1 r " # # • * * # # * * # * # * # # # * * * * # # * # * "
1440 IF  N5=N THEN PRINT # 1 , " I N  SWEEP 1" \  PRINT f t . "
1450 IF  N5=N2 THEN PRINT # 1 , " I N  SWEEP 2" \  PRINT # 1 . "
1460 PRINT # 1» "A TOTAL OF " ) ( N 6 -N 5 + 1 ) : "  POINTS WERE STUDIED" 
1470 PRINT # 1 r"FROM POINT")N5»"TO POINT"JN6
1480 PRINT # 1 » "AREA CALCULATION ROUTINE MAS RUN " IH J "  TIMES"
1490 PRINT #lr"TOTAL AREA MEASUREMENT = "JG
1500 PRINT # 1 , " "
1510 GOSUB 1840
1520 RETURN 
1530 CLOSE 
1540 RESTORE 
1550 NEXT 2 
1560 GO TO 1930
1570 REM AREA CALCULATION
1580 S=0 \  M=0 \  P=0 \  P1=0 \  P2=0 \  0=0
1590 FOR R=( B + l ) TO ( 1 - 1 )
1600 S=S+( X ( R - l ) + X ( R ) ) * ( Y ( R - l ) - Y( R ) )
1610 NEXT R
1620 M = ( X ( I - l ) + Z 3 ) « ( Y ( I - l ) - 2 4 )
1630 IF  L=V THEN P»( Z 3+ Z 1 ) * ( Z 4 - Z 2 ) \  GO TO 1690 
1640 P=( 2 3 + E ( L - l * 0 ) ) * ( Z 4 - E < L - 1 . 1 ) )
1650 FOR R =( V + l ) TO ( L - l )
1660 P l = P l + < E ( R f O ) + E ( R - l f O ) ) * ( E < R » 1 ) - E ( R - l . 1 ) )
1670 NEXT R
1680 P 2 = ( E ( V , 0 ) + Z 1 ) * ( E ( V . 1 ) - Z 2 )
1690 G = ( Z 1 + X (B ) ) * ( Z 2 - Y ( B) )
1 / 0 0  G=G+ABS(<S+M+P+Pl+P2+Q>/2>
1710 B * I  
1720 Z 1=23 
1730 Z2=24  
1740 V*L  
1750 H=H+1 
1760 RETURN
1770 REM # * * # * «  ENDPOINT CALCULATION 
1780 I F  L=1 THEN Z 5 = X ( I )  \  Z 6 = F N A (X ( I> )



1790 I F  L=2 THEN Z5=FNB<Y(I>> \  2 A = Y ( I )
1800 IF  I. = 3 THEN ZS*X< I>  \  Z 6 > F N C ( X ( I ) )
1810 I F  L = 4 THEN Zi*=FND( Y( I ) ) \  Z 6 = Y ( I )
1820 I F  L=5 THEN Zi>»X<I)  \  Z6*FNE(X<I>>
1830 RETURN
1840 REH * * * * * *  VELOCITY SUBROUTINE
18S0 T *0  \  11=0
1860 FOR I = (N 5 + 1 ) TO ( N 6 - 1 )
1870 T = T + V ( I ) \  M =M +V( I ) *2  
1880 NEXT I 
1890 R=N6-N5-1
1900 PRINT # 1 , "  \  PRINT #1, 'MEAN VELOCITY* '» <T/R>
1910 PRINT # 1 r'STANDARD DEVIATION* ' JSORI( ( M - ( R ) * ( T / R ) A2 > / R > >
1920 RETURN
1930 CHAIN 'TRANS8'
1940 END

00o\



TRANS8 01 -D E C -82 0 3 11 7 119

10 REM TRANS8
30  COMMON F * ( 1 0 ) , F , Z ( 10)
90 DIM X 1 ( 3 0 0 ) * Y1 (5 0 0 )» 0 1  (3 0 0 )
100 FOR R=1 TO F
103 I F  7. ( R) >3 THEN GO TO 310
110 OPEN ' S Y i : ' ♦ F * ( R > + ' X '  FOR INPUT AS F ILE  #2 \  DIM # Z , X ( 4 0 0 0 ) = 5
120 OPEN 'S Y i :  , + F * ( R ) + , Y '  FOR INPUT AS F ILE  #3 \  DIM # 3 ,Y ( 4 0 0 0 > = 5
130 OPEN ' S Y I I ' + F * ( R ) +  ' V '  FOR INPUT AS F ILE  #4 \  DIM # 4 , 0 ( 4 0 0 0 1 = 5
140 N=Y( O)
150 N1=X(0?
160 G = IN T (N /5001 +1
170 H = I N T ( ( N l - N l / 5 0 0 1 + 1
180 PRINT 'GRAPHING F IL E  ' ; F * ( R >
190 PRINT C H R * ( 2 7 ) + ' C 5 i '
195 PRINT CHR*(12>
200 PRINT ' F ILE  ' ; F * ( R >
210 PRINT ' '
220 PRINT C H R 4 ( 2 7 ) + ' C 4 i '
230 FOR 1=1 TO 500  
240 K = I *G
230 I F  K>N THEN GO TO 280
260 X 1 ( I ) = X ( K !  \  Y 1 ( I ) = Y ( K )  \  0 1 ( I ) = V ( K >
270 NEXT I
280 REGION("UPPER", 1 )
290 REGION("LOWER" ,2 1
300 WINDOW("EXACT",2 0 , 2 0 , 8 0 , 2 3 , 1 )
310 WINDOW("EXACT",2 0 , 0 , 8 0 , . 5 , 2 )
320 GRAPH( , I , X 1 ( 1 ) , Y 1 ( 1 ) , , , 1 )
330 GRAPH( , I , X 1 ( 1 ) , 0 1 ( 1 ) , , , 2 )
340  DISPLAY_COPY
350 DISPLAY_CLEAR
360 PRINT 'GRAPHING F IL E  ' ; F * ( R 1
3 / 0  FOR 1=1 TO 500



380 K=N+( I « H )
390 I F  K >N1 THEN GO TO 420
400 X 1 ! I ) * X ! K >  \  Y 1 ! I> « Y !K >  \  V 1 ! I ) = V ! K >
410 NEXT I
420  REGION!"UPPER".1>
430 REGION!"LOMEft"• 2 )
440  HINOON( "EXACT", 2 0 , 2 0 , 8 0 , 2 3 , 1 )
450 WINDOW! "EXACT" . 2 0 , 0 , 8 0 ,  . £> . 2 )
460 GRAPH!, I , X 1 ( 1 ) , Y 1 ( 1 ) . , . 1 )
470 GRAPH!, I , X I ! 1 ) , V I ! 1 ) , , , 2 )
480 DISPLAY_COPY 
490 PISPLAY_CLEAR 
500 CLOSE 
510 NEXT R 
580 END

00
00



TRANS9 0 1 -D EC -82 0 3 :1 8 1 3 7

10 REM TRANS9
30 COMMON F * ( 1 0 ) , F . Z ( 1 0 >
90 DIM X I ( 3 0 0 ) , Y 1 ( 3 0 0 ) . 0 1 ( 3 0 0 )  
100 FOR R=1 TO F
105 I F  Z ( R )<4 THEN GO TO 380
110 OPEN ' S Y i : ' ♦ F * ( R ) + ' X ' FOR INPUT AS F IL E 0 2 \ DIM # 2 , X ( 4 0 0 0 ) * 5
120 OPEN ' S Y I : ' + F t ( R ) + ' Y ' FOR INPUT AS FI LE 0 3 \ DIM # 3 , Y( 4 0 0 0 ) * 5
130 OPEN ' S Y i : ' ♦ F * ( R ) + ' U ' FOR INPUT AS FI LE #4 \ DIM # 4 , V ( 4 0 0 0 ) * 5
140 N = Y ( 0 >
130 N1*X(0>
160 C = I N T ( N / 3 0 0 ) + l
170 H* INT< ( N l - N ) / 3 0 0 ) + l
180 PRINT C H R » ( 2 7 ) + ' C 3 i  '
183 PRINT CHR*(12)
190 PRINT '  F ILE  ' ; F * ( R >
2 0 0  PRINT '  SHEEP 1 '
2 1 0  PRINT '  '
2 2 0  PRINT C H R * ( 2 7 ) + ' C 4 i  '
2 3 0  FOR 1*1 TO 500  
2 4 0  K = I *G
2 3 0  IF  K >N THEN 6 0  TO 2 8 0
2 6 0  X I ( I ) *X(K) \  Y 1 ( I ) = Y ( K )  \  0 1 ( I ) = 0 ( K )
27 0  NEXT I
2 8 0  WINDOW("EXACT",2 0 . 1 0 , 8 0 , 3 0 )
2 9 0  G R A P H ( , I , X 1 ( 1 ) . Y 1 ( 1 > )
3 0 0  DISPLAY_COPY 
3 1 0  REGION( "UPPER", 1 )
3 2 0  KEG ION("LOWER".2 )
33 0  WINDOW("EXACT".0 , 0 , 5 0 0 . . 5 , 1 )
33 5  WINDOW( " EXACT" , 0 , 2 0 , 5 0 0 , 8 0 , 2 )
3 4 0  G R A P H ( , I , , 0 1 ( 1 ) , , , 1 >
3 3 0  G R A P H ( , I , , X 1 ( 1 ) , , , 2 )
3 6 0  DISPLAY_COPY 
3 7 0  DISPLAY-CLEAR



3 8 0  PRINT C H R * ! 2 7 > + 'C 5 i '
3 7 0  P R I N T  '
4 0 0  PRINT ' '
4 1 0  PRINT C H R * < 2 7 ) + ' C 4 i '
420  FOR 1=1 TO 5 0 0  
43 0  K=N+!I*H>
4 4 0  IP K>N1 THEN GO TO 4 7 0
4 5 0  X 1 ( I ) = X ( K )  \  Y 1 ( I ) - Y ( K >  \  O K I
4 6 0  NEXT I
4 / 0  WINDOW!"EXACT", 2 0 , 1 0 . 8 0 . 3 0 )
4 8 0  GRAPH( . I . X 1 ( 1 ) . Y 1 ( 1 > )
4 7 0  D I S T L AY COPY 
5 0 0  REGION!"UPPER",1)
5 1 0  REGION("LONER", 2 )
5 2 0  WINDOW!"EXACT", 0 , 0 , 5 0 0 . . 5 , 1 )  
5 2 5  WINDOW( " EXACT" , 0 . 2 0 , 5 0 0 , 8 0 , 2 )  
5 3 0  G R A P H ! , I , , U 1 ( 1 ) , , , 1 >
5 4 0  GRAPH!, I , , X 1 ( 1 > . . , 2 )
5 5 0  DISPLAY-COPY 
5 6 0  DISPLAY-CLEAR 
5 7 0  CLOSE 
5 8 0  NEXT R 
5 7 0  CHAIN 'TRANSA'
6 5 0  END

SWEEP

) = V < K )

to
o



TRANSA O l-D E C -0 2  0 3 1 2 3 :5 5

10 REM TRANSA
20  COMMON F *(  1 0 ) »F»2(  10)
30  F 1=F
9 0  FOR 2=1 TO FI
85  IF  Z ( 2 ) > 3  THEN GO TO 9 8 0
87  PRINT 'AREA CALCULATION: ' ; E * < 2 >
90  OPEN ' S Y I : ' + F * ( Z ) + ' X '  FOR INPUT AS FILE #2  \  DIM # 2 , X ( 4 0 0 0 > = 5  
100 OPEN ' S Y i : ' + F * ( 2 ) + ' Y '  FOR INPUT AS F IL E  # 3  \  DIM # 3 ,Y < 4 0 0 0 > = 5  
110 OPEN 'LP.* '  FOR OUTPUT AS F ILE 1 
120 DIM D<500>
130 REM ****SET ENDPOINTS 
140 PRINT # 1 , " "
150 PRINT # 1 , " -----------------------------------------------------------------------------------------------------
160 PRINT H1 , "ERROR STATISTICS FOR FILE M;FS(Z>
170 PRINT # 1 , " "
180 N=1 
190 N1=Y( 0 )
2 0 0  N2 = Y( 0 )
2 1 0  N3=X(0)
2 2 0  N5=N 
2 3 0  N6=N1 .
2 4 0  GO TO 2 8 0  
25 0  N5=N2 
2 6 0  N6=N3
2 7 0  REM * * * * *  SETUP VARIABLES 
2 8 0  E«0 \  REM DIFFERENCE SCORES 
2 9 0  G=0 \  REM AREA TOTAL 
3 0 0  H=0 \  REM POLYGON COUNTER 
3 1 0  F =0 \  REM SET FLAG
3 2 0  C=1 \  REM COUNTER FOR DIFFERENCE ARRAY
3 3 0  READ XI * Y1r X 2» Y2
3 4 0  DATA 2 3 . 5 7 , 2 1 . 4 2 , 7 2 . 6 1 , 2 1 . 2 5
3 5 0  DEF FNV(X )=Y l+<( ( Y 2 - Y 1 ) * ( X - X 1 ) > / ( X 2 - X l ) )
3 6 0  Z 1= X( N 5)



3 VO Z2=FNV( X( NS) )
3 8 0  B=N5 \  REM POLYGON ENDPOINT
3 9 0  KEM *■**■**#*****#*#*##*■****#*#«*****#*
4 0 0  KEM START MAIN LOOP
4 1 0  KEM * # « * # * # * * * # # * « * # # * # # # * * * * * » » # * * * *
4 2 0  FOR I = N5 TO N6 
4 3 0  D (C ) = Y ( I > - F N V ( X < I )>
4 4 0  A*SGN<D(C>)
4 5 0  IF  F=0 THEN GO TO 5 2 0  
4 6 0  IF  F = 1 THEN GO TO 4 8 0  
4 7 0  IF  P =-1 THEN GO TO 5 0 0  
4 8 0  IF  A O l  THEN GOSUB 1000 
4 9 0  GO TO 5 3 0
5 0 0  IF  A O - 1  THEN GOSUB 1000  
5 1 0  GO TO 5 3 0
5 2 0  I F  As 0 THEN B=I \  Z 1=X (I>  \  Z 2 = F N V (X ( I ) I  
5 3 0  F=A 
5 4 0  C=C+1
5 5 0  IF  C=500 THEN GOSUB 1210  
5 6 0  NEXT I
5 7 0  KEM * # * # # # # # # # * # # # # # # # # # # * # # # # # * * * # # # # * *
5 8 0  KEM FINISH  LOOP AND MOP UP
5 9 0  KEM * • # * • # * * * • * « • • * • * * # * * * » » * • * * * • * • • « • »
6 0 0  GOSUB 1210
6 1 0  I F  F =0 THEN GO TO 8 2 0  \  REM NO NEED FOR END ROUTINE
6 2 0  IF  B< >I THEN GO TO 7 1 0
6 3 0  X3=X( I ) \  REM * * # *  START END ROUTINE NUMBER 1
6 4 0  Y3=FNV(X3)
6 5 0  M= ( Z l + X ( I ) ) * ( Z 2 - Y ( I ) )
6 6 0  P = ( X ( I ) + X 3 ) * ( Y ( I ) - Y 3 )
6 / 0  0 = 1 X 3 + 2 1 >*<Y3-22>
6 8 0  G=G+ABS( ( M+P+G) / 2 )
6 9 0  H=H+1 
7 0 0  GO TO 8 30
7 1 0  L=0 \  KEM * * * *  START END ROUTINE NUMBER 2 £
720  FOR R=B+1 TO I



7 3 0  L = L + ( X ( R - 1 ) + X < R ) ) * ( Y ( R - i ) - Y ( R ) )
7 40  NEXT R 
7 5 0  X3*X( I )
7 6 0  Y3=FNV( X ( I ) )
7 7 0  M=( X( I ) +X3) * ( Y ( I ) - Y 3 )
7 8 0  P * ( X3+Z1) * ( Y 3 - Z 2 )
7 9 0  G = (21+ X < B )> *< Z 2-Y (B > )
8 0 0  G=G+ABS ( ( L+N+P+G) / 2 )
8 1 0  H=H+1
8 3 0  REN #**#*##**•#***#####
8 4 0  REN SUNNARY STATISTICS 
QbO REN * * * * * * * * * * * * * * * * * *
8 6 0  PRINT #1 , " * # * * * * # * * # "
8 7 0  IF  N6=N1 THEN PRINT # 1 , " I N  SWEEP 1"
8 8 0  IF  N6=N3 THEN PRINT # 1 . " I N  SWEEP 2 "
8 9 0  PRINT # 1» " A TOTAL OF " (N6-N5+1 ) ;  " POINTS WERE STUDIED" 
90 0  PRINT # 1» "FRON POINT"J N b! "TO P0INT'*:N6
9 1 0  PRINT # 1 t"AREA CALCULATION ROUTINE WAS RUN h ; h ; "  TINES" 
9 2 0  PRINT # 1 > "TOTAL AREA MEASURENENT = "JG
9 3 0  PRINT # 1 » "NEAN SUN OF SQUARED DEVIATIONS* " » < E /< N 6 -N 5 + 1 ))  
9 4 0  PRINT # 1 , " "
9 b 0  IF  N6=N1 THEN RESTORE \  GO TO 2 5 0
9 6 0  CLOSE
9 7 0  RESTORE
9 8 0  NEXT Z
985  F=F1
9 9 0  GO TO 1300
1000 REN « * * * * * » « « # * • * * * « * * * * * « » * * * *
1010 REN AREA CALCULATION SUBROUTINE 
10Z0 REN * # * * « * * « * « * » * * • » « * « * « * « * * # *
1030 L=0 \  N*0 \  P=0 \  0 * 0
1040 FOR R = ( B + l ) TO 1-1
1050  L = L + ( X ( R - 1 ) + X ( R ) ) # ( Y ( R - 1 ) - Y ( R > )
1060 NEXT R
1070  IF  X ( 1 - 1 ) - X ( I ) * 0  THEN X3=X(I> \  GO TO 1110  
1080 S I = ( Y1- Y 2 ) / ( X 1 -X 2 )



1090  S2 = ( Y( 1 -1  ) -Y (  I ) ) / ( X (  1-1  ) -X (  I ) )
1100  X3=< <Y1-S1*X1 )-<Y< 1-1 >-S2*X <1-1 ) > > / < S 2 - S l  )
1110  Y3=FNU<X3>
1120  M=( X( I - 1 ) + X 3 ) * ( Y( I - 1 ) - Y 3 )
1130  P = ( X3+Z1) * ( Y 3 - 2 2 )
1140 Q =(Z1+ X (B )> *<Z2-Y <B >>
1150  G-"G+AI’.S( (L+M+P+Q) / 2 )
1160  P = t  
1170 Z t=X3 
1190 Z 2 = Y 3 
1190 H=H+1 
1200  RE I URN
1210  RFM •>**#*■#***»######*«»********
1220  REM DIFFERENCE ARRAY SUMMATION 
1230  REM * * * * * # # * » * # * * • * * • # # * » > # # # *
1240  FOR R=1 TO C 
1250 E~E+D( R ) " 2  
1260  D (R )=0 
1270  NEXT R 
1280  C=-l 
1290  RETURN
1300  PRINT ' T h i s  Job  i s  c o m p l e t e d .  I f  you t u r n  o f f  t h e  r e c o r d e r ,  p l e a s e  r e m o v e '  
1305  PRINT ' t h e  d i s k  f i r s t .  I w i l l  be  h e r e  s o o n  t o  s t r a i g h t e n  t h i n g s  o u t . '
1307  PRINT '  Y a a K o v '
1310  END
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A f f e c t e d
T a sk s

L e s io n e d
A re a s

T ab le  1

B a s a l  G a n g l i a - C o r t i c a l  S y s te m s:  

B e h a v i o r a l  T a s k s  A f f e c t e d  F o l lo w in g  L e s i o n s

o b j e c t  r e v e r s a l  
go -n o  go

d e la y e d  r e s p o n s e  
d e la y e d  s p a t i a l  

a l t e r n a t i o n  
p r is m  a d a p t a t i o n

v i s u a l
d i f f e r e n t i a t i o n

o r b i t o f r o n t a l
c o r t e x

d o r s o l a t e r a l  f r o n t a l  
c o r t e x

i n f e r t e m p o r a l  
c o r t e x

v e n t r o l a t e r a l  
o f  c a u d a t e

a n t e r o d o r s a l  head o f  
c a u d a t e

t a i l  o f  c a u d a t e

l a t e r a l  g lo b u s  
p a l l i d u s

m e d ia l  g lo b u s  
p a l l i d u s

s u b t h a l a m i c  n u c l e u s t h a l a m i c  n u c l e i
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T a b le  2 

S u b j e c t  Summary:

D em ographic  C h a r a c t e r i s t i c s ,  N e u r o p s y c h o lo g ic a l  

T e s t  S c o r e s  and P a r k i n s o n ' s  D i s e a s e  Symptom S e v e r i t y  

(V a lu es  i n  p a r e n t h e s e s  a r e  s t a n d a r d  d e v i a t i o n s ,  

p  v a l u e s  a r e  f o r  t - t e s t  co m p a r iso n s )

PD (N»16) C o n t r o l s i (N-9) P

Age 6 0 .5 8 (1 0 .4 ) 67 (3 .1 6 ) .02

E d u c a t io n 13 .2 ( 2 .5 ) 1 1 .2 (1 .1 ) .01

M in i  M en ta l  S t a t e 5 0 .7 ( 5 .1 ) 53 .2 (2 .0 ) n . s .

Rosen Drawing 1 1 .0 5 ( 2 .3 5 ) 1 2 .5 (1 .7 ) n . s .

Beck D e p re s s io n  
I n v e n to r y 7 .9 ( 6 .9 ) 3 .75 (2 .9 ) n . s .

PD E v a l u a t i o n 3 0 .9 ( 4 .8 )

Tremor 1 .79 ( 2 .1 )

R i g i d i t y 4 .4 ( 2 .8 )

B r a d y k i n e s i a 1 .4 4 ( 1 .0 )

D u r a t io n  o f  I l l n e s s 7 .9 ( 5 .0 )
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T ab le  3

R e l a t i o n  Between T r a c i n g  E r r o r  and V e l o c i t y :  

C o n t r o l s

P a t h Sweep E r r o r  M easure V e l o c i t y  M easure r P

1 1 P a th  C r o s s i n g s D i g i t i z e d  P o i n t s .635 .008

2 P a t h  C r o s s i n g s D i g i t i z e d  P o i n t s .587 .016

3 2 P a t h  C r o s s i n g s D i g i t i z e d  P o i n t s .522 .0 3 7

2 P a t h  C r o s s i n g s V e l o c i t y - . 5 9 .01

4 1 P a t h  C r o s s i n g s D i g i t i z e d  P o i n t s .583 .01

1 P a t h  C r o s s i n g s V e l o c i t y - . 6 0 9 .0 0 7

5 2 A rea D i g i t i z e d  P o i n t s .568 .032

6 2 A rea D i g i t i z e d  P o i n t s - . 5 2 .03
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T a b le  4

R e l a t i o n  Between T r a c i n g  E r r o r  and V e l o c i t y :  

P a r k i n s o n ' s  D i s e a s e  P a t i e n t s

P a t h Sweep E r r o r  M easure V e l o c i t y  M easure r P

1 1 Area V e l o c i t y .42 .04

1 P a th  C r o s s i n g s V e l o c i t y .49 .0 1 5

5 2 A rea D i g i t i z e d  P o i n t s - . 4 .0 4 9

6 1 A rea D i g i t i z e d  P o i n t s - . 4 3 1 .0 5

7 1 A rea D i g i t i z e d  P o i n t s - . 5 8 .004
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T able 5

ANOVA Com paring T r a c i n g  M easu res  i n  P a r k i n s o n i a n s  

and C o n t r o l s :  P a th s  1 and 3

(V a lu es  a r e  F ,  p  < )

E f f e c t A rea
P a t h

C r o s s in g s V e l o c i t y
D i g i t i z e d

P o i n t s

Sweep 1

Group 1 2 .5 7 ,  .002 2 6 .5 7 ,  .0001 n . s . 4 . 6 4 ,  .05

P a th 2 8 .7 8 ,  .0001 9 .0 2 ,  .01 1 8 .5 9 ,  .001 2 2 .5 1 ,  .001

Hand n . s . n . s . n . s . 5 .7 6 ,  .03

G roup X P a th 4 .4 2 ,  .05 7 .0 7 ,  .02 n . s . n . s .

G roup  X Hand n . s . 5 . 8 ,  .03 n . s . n . s .

P a t h  X Hand n . s . n . s . n . s . n . s .

G roup X P a t h  
Hand

X n . s . n . s . n . s . n . s .

Sweep 2

Group 1 6 .4 2 ,  .001 2 0 .2 ,  .0001 n . s . n . s .

P a t h 2 3 .2 2 ,  .0001 6 .7 9 ,  .02 2 4 . 0 ,  .0001 1 3 .9 6 ,  .002

Hand n . s . n . s . n . s . n . s .

G roup X P a t h n . s . 5 .7 5 ,  .03 n . s . n . s .

G roup X Hand n . s . n . s . n . s . n . s .

P a t h  X Hand n . s . n . s . n . s . n . s .

G roup X P a t h  X n . s .  
Hand

n . s . n . s . n . s .
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T ab le  6

ANOVA Com paring T r a c i n g  M easu res  i n  P a r k i n s o n i a n s  and C o n t r o l s :  

P a t h s  4 and 5 ,  E q u i v a l e n t  M is s in g  Secpnents 

(V a lu e s  a r e  F ,  p  < )

Sweep 1 Sweep 2

D i g i t i z e d  D i g i t i z e d
E f f e c t  A rea  P o i n t s  A rea  P o i n t s

Group 1 0 .6 9 ,  .004 n . s . 6 .1 6 ,  .03 n . s .

P a th 6 .6 4 ,  .02 n . s . 6 . 4 9 ,  .02 n . s .

Hand n . s . n . s . 6 .6 2 ,  .02 8 .4 8 ,  .01

Group X P a t h n . s . n . s . n . s . n . s .

Group X Hand n . s . n . s . n . s . n . s .

P a th  X Hand n . s . n . s . n . s . n . s .

Group X P a t h  X 
Hand

n . s . n . s . n . s . n . s .
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T able 7

ANOVA C om paring T r a c i n g  M easu res  i n  P a r k i n s o n i a n s  and C o n t r o l s :  

P a t h s  4 and 6 ,  E q u i v a l e n t  M is s in g  Segm en ts  

(V a lu e s  a r e  F ,  p  < )

Sweep 1 Sweep 2

E f f e c t A rea
D i g i t i z e d

P o i n t s A rea
D i g i t i z e d

P o i n t s

Group n . s . n . s . 7 . 8 3 ,  .02 n . s .

P a t h 1 5 .9 3 ,  .001 n . s . 1 3 .5 6 ,  .002 n . s .

Hand n . s . n . s . 9 . 8 2 ,  .01 5 . 9 ,  .03

Group X P a t h n . s . n . s . n . s . n . s .

Group X Hand n . s . n . s . n . s . n . s .

P a t h  X Hand n . s . n . s . n . s . n . s .

G roup X P a t h  X 
Hand

n . s . n . s . n . s . n . s .
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T a b le  8

ANOVA C om paring T r a c i n g  M easu res  i n  P a r k i n s o n i a n s  and C o n t r o l s :  

P a t h s  4 and 7 ,  E q u i v a l e n t  M is s in g  Segm en ts  

(V a lu es  a r e  F ,  p  < )

E f f e c t

Sweep 1

A rea
D i g i t i z e d

P o i n t s

Sweep 2 

A rea
D i g i t i z e d

P o i n t s

Group 1 0 .4 7 ,  .004 n . s . n . s .

P a th 2 0 . 5 ,  .0002 n . s . 1 6 .6 8 ,  .001

Hand n . s . n . s . 4 .8 8 ,  .04

G roup X P a t h 4 .3 7 ,  .05 n . s . n . s .

G roup X Hand n . s . n . s . 7 .1 1 ,  .02

P a t h  X Hand n . s . n . s . n . s .

G roup X P a t h  X Hand n . s . n . s . 7 .0 9 ,  .02

n . s .

n . s .

5 . 5 4 ,  .05  

n . s .  

n . s .  

n . s .  

n . s .
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T ab le  9

ANOVA C om paring T r a c i n g  M easu res  i n  P a r k i n s o n i a n s  and C o n t r o l s :  

P a t h s  4 - 7 ,  E n t i r e  Sweeps o f  P a t h s  

(V a lu es  a r e  P ,  p  < )

Sweep 1 Sweep 2

E f f e c t s A rea
D i g i t i z e d

P o i n t s A re a
D i g i t i z e d

P o i n t s

Group 1 7 .3 5 ,  .001 n . s . 2 0 .4 6 ,  .0002 n . s .

P a th 1 2 .8 6 ,  .0001 n . s . 7 .0 4 ,  .0005 4 . 8 6 ,  .045

Hand 4 .6 9 ,  .05 n . s . 1 9 .4 3 ,  .0004 1 2 .7 6 ,  .0025

Group X P a t h 4 .5 2 ,  .01 n . s . n . s . n . s .

G roup X Hand n . s . n . s . n . s . n . s .

P a t h  X Hand n . s . n . s . n . s . n . s .

G roup X P a t h  X Hand n . s . n . s . 4 . 8 7 ,  .006 n . s .
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T ab le  10

R e l a t i o n  o f  T r a c i n g  P e rfo rm a n c e  t o  D em ographic  V a r i a b l e s  

and C o g n i t i v e  T e s t s :  P a r k i n s o n i a n s

P a t h Sweep T r a c in g  V a r i a b l e R e l a t e d  V a r i a b l e s r P

1 1 P a th  C r o s s in g s E d u c a t io n .546 .007

1 1 D i g i t i z e d  P o i n t s MMS - .4 6 2 .017

1 1 D i g i t  Span Backward - . 4 5 9 .027

1 1 C a l c u l a t i o n s - . 5 7 2 .004

1 1 Naming P r e s i d e n t s - . 5 7 4 .004

1 2 P a th  C r o s s i n g s O r i e n t a t i o n - . 4 2 .045

1 2 R e c a l l - . 4 5 7 .028

1 2 D i g i t z e d  P o i n t s IMS - . 4 9 2 .0 1 7

1 2 D i g i t  Span F orw ard - . 5 0 2 .014

1 2 C a l c u l a t i o n s - . 4 2 1 .421

1

3

2

1 A rea

Language

Age

- . 4 3 4 .038

3 1 D i g i t  Span Backward .487 .021

3 1 R e c a l l .513 .014

3 1 C o n s t r u c t i o n - . 5 6 9 .0057

3 1 Rosen Drawing - .5 5 2 .007

3 1 P a th  C r o s s i n g s E d u c a t io n .431 .044

3 1 R e c a l l - . 4 8 6 .021

3 2 A rea O r i e n t a t i o n - . 4 8 0 .018

3 2 R e c a l l .492 .0 1 7

3 2 Language - .5 6 4 .005



I l l

T ab le  10 (co n tin u ed )

s t h Sweep T r a c i n g  V a r i a b l e R e l a t e d  V a r i a b l e s r P

3 2 C o n s t r u c t i o n - . 4 8 4 .0 1 9

3 2 P a t h  C r o s s i n g s E d u c a t io n .441 .0 3 4

3 2 R e c a l l - . 6 4 5 .001

4 1 A rea Age .598 .0 0 2

4 1 D i g i t  Span Backward .583 .003

4 1 P a t h  C r o s s i n g s D i g i t  Span Backward - . 5 9 9 .0 0 2

4 1 C a l c u l a t i o n - . 5 1 1 .01

4 1 R e c a l l - . 4 2 5 .0 3 8

4 2 P a t h  C r o s s i n g s R e c a l l - . 4 7 4 .022

5 A rea  (sweep) O r i e n t a t i o n - . 4 2 .04

6 1 D i g i t i z e d  P o i n t s  
(segm ent)

C o n s t r u c t i o n .488 .0 2 4

6 1 Rosen Drawing .563 .0 0 7

6 1 D i g i t i z e d  P o i n t s  
( s e ^ n e n t )

C o n s t r u c t i o n .559 .008

6 1 Rosen Drawing .575 .0 0 6

6 2 A rea  (segm ent) C o n s t r u c t i o n - . 5 4 5 .0 1 2

6 2 Rosen Drawing - . 5 2 8 .0 1 6

6 2 A rea  (sweep) C o n s t r u c t i o n - . 4 6 .0 4 6

6 2 Rosen Drawing - . 5 0 1 .0 2 8

6 2 D i g i t  Span Backward .487 .0 3 4

6 2 R e c a l l .542 .01
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T a b le  10 (c o n t in u e d )

P a t h  Streep T r a c i n g  V a r i a b l e R e l a t e d  V a r i a b l e s r P

6 2 D i g i t i z e d  P o i n t s  
( s e g n e n t)

C o n s t r u c t i o n .66 .002

6 2 Rosen Drawing .60 .005

6 2 D i g i t i z e d  P o i n t s  
(sweep)

C o n s t r u c t i o n .566 .012

6 2 Rosen Drawing .549 .015

7 1 A rea  (segm ent) C o n s t r u c t i o n - . 4 3 1 .044

7 1 Rosen D raw ing - . 4 4 4 .036

7 1 A rea  (sweep) C o n s t r u c t i o n - . 4 6 0 .031

7 1 Rosen Drawing - .4 8 3 .023

7 1 D i g i t i z e d  P o i n t s  
( s e g n e n t)

C o n s t r u c t i o n .635 .002

7 1 Rosen D raw ing .613 .002

7 1 D i g i t i z e d  P o i n t s  
(sweep)

C o n s t r u c t i o n .601 .003

7 1 Rosen D rawing .541 .009

7 2 A rea  (segm ent) Rosen Drawing - . 4 5 2 .045

7 2 A rea  (sweep) Rosen Drawing .44 .0 5

7 2 D i g i t i z e d  P o i n t s  
(s e g n e n t )

C o n s t r u c t i o n .679 .001

7 2 Rosen Drawing .664 .001

7 2 D i g i t i z e d  P o i n t s C o n s t r u c t i o n .701 .001

Rosen D rawing .651 .002
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T a b le  11

R e l a t i o n  o f  T r a c i n g  P e rfo rm an ce  t o  Dem ographic  V a r i a b l e s  

and  C o g n i t i v e  T e s t s :  C o n t r o l s

P a th  Sweep T r a c in g  V a r i a b l e R e l a t e d  V a r i a b l e s r P

1 1 A rea Naming P r e s i d e n t s - . 5 8 7 .016

1 2 A rea E d u c a t io n - . 4 9 9 .049

1 2 MMS - . 5 1 7 .0 3 9

1 2 Rosen Drawing - . 6 3 7 .008

1 2 P a t h  C r o s s i n g s Rosen Drawing .527 .035

3 1 A rea Naming P r e s i d e n t s - . 5 6 6 .022

3 1 P a t h  C r o s s i n g s Naming P r e s i d e n t s .553 .026

3 2 A rea C a l c u l a t i o n s - . 5 3 9 .031

3 2 P a t h  C r o s s i n g s MMS .56 .023

3 2 E d u c a t io n .523 .037

5 2 A re a  (segm ent) Naming P r e s i d e n t s - . 5 2 .024

6 2 D i g i t i z e d  P o i n t s  
(segment)

Age .546 .023

7 1 A re a  (segm ent) MMS - . 5 9 .014

7 1 C a l c u l a t i o n s - . 5 6 .023

7 1 R e c a l l - . 6 2 2 .01

7 1 A re a  (sweep) MMS - .5 6 2 .023

7 1 C a l c u l a t i o n s - . 5 1 9 .0 3 9

7 1 R e c a l l - . 6 4 1 .0 0 7

7 2 A re a  (segm ent) E d u c a t io n - . 7 2 .002

7 2 O r i e n t a t i o n - . 8 0 9 .001

7 2 A re a  (sweep) E d u c a t io n - . 7 5 .01

7 2 O r i e n t a t i o n - . 8 2 8 .001
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T a b le  12

R e l a t i o n  o f  T r a c i n g  P e r fo rm a n c e  i n  PD P a t i e n t s  t o  

M easu res  o f  PO S e v e r i t y

i t h Sweep T r a c i n g  V a r i a b l e R e l a t e d  V a r i a b l e s r P

1 1 D i g i t i z e d  P o i n t s D u r a t io n  o f  i l l n e s s .44 .0 3 5

1 1 B r a d y k i n e s i a .416 .048

1 2 D i g i t i z e d  P o i n t s PD s e v e r i t y .528 .01

1 2 R i g i d i t y .608 .002

1 2 B r a d y k i n e s i a .607 .002

1 2 P o s t u r a l  s t a b i l i t y .433 .038

3 1 D i g i t i z e d  P o i n t s R i g i d i t y .423 .043

3 2 A rea B r a d y k i n e s i a .479 .0 2

3 2 D i g i t i z e d  P o i n t s R i g i d i t y .533 .009

5 2 A rea  (sweep) Tremor .425 .038

6 2 D i g i t i z e d  P o i n t s PDB - . 4 6 7 .037
(segm ent)



F ig u r e  1 . N e u ro a n a to m ic a l c o n n e c t io n s  o f  th e  b a s a l  g a n g l i



CEREBRAL CORTEX
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F ig u re  2 . P a th s  u sed  i n  t r a c i n g  t a s k  i n  o rd e r  o f  t h e i r  a d m i n i s t r a t i o n .



/



F ig u re  3. P a th  1 and  P a th  3 : A rea  e r r o r  i n  P a th s  1 and  3 .
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F ig u re  4 . P a th  1 and  P a th  3 : T o ta l  d i g i t i z e d  p o i n t s  in  P a th s  1 and  3 .
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F ig u re  5 . Sam ple s c a t t e r  d e m o n s t r a t in g  th e  r e l a t i o n s h i p  betw een  a r e a  
e r r o r  and p a th  c r o s s in g  m e a su re s  o f  t r a c i n g  e r r o r .
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F ig u re  6 . P ath  4 and P ath  5: Area er ro r  fo r  m is s in g  segm ent in  P ath  5
and com parable p o r t io n  o f  Path  4 .
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F ig u re  7 . P ath  4 and P ath  5: P o in ts  d ig i t i z e d  in  m is s in g  segm ent o f
Path 5 and e q u iv a le n t  p o r t io n  o f  Path 4 .
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F ig u re  8 . P ath  4 and P ath  6 : Area erro r  fo r  m is s in g  segm ent o f  P ath  6
and e q u iv a le n t  p o r t io n  o f  Path 4 .
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F ig u re  9 . P ath  4 and P ath  6: P o in ts  d ig i t i z e d  in  m is s in g  segm ent o f
Path 6 and e q u iv a le n t  p o r t io n  o f  Path  4 .
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F ig u re  10 . Path  4 and Path  7: Area erro r  fo r  m is s in g  segm ent o f  P ath  7
and e q u iv a le n t  p o r t io n  o f  Path 4.
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F ig u re  11 . P ath  4 and P ath  7: P o in ts  d ig i t i z e d  in  m is s in g  segm ent o f
Path 7 and e q u iv a le n t  p o r t io n  o f  Path 4 .
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F ig u re  12 . P a th s  4 -7 :  A rea  e r r o r  f o r  e n t i r e  sw eeps o f  P a th s  4 th ro u g h
7 . RH -  R ig h t  H and; LH -  L e f t  Hand; CON -  C o n t r o l .
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F ig u re  13. P a th s  4 -7 :  P o in t s  d i g i t i z e d  f o r  e n t i r e  sw eeps o f  P a th s  4 -7 .
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