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The control  o f  ~ lovement  h a s  been a t r a d i t i o n a l  c o n c e r n  i n  

the psychos lo tor  domain. Xn o r d e r  t o  e x p l a i n  laow t h e  mechanism fs) 

under ly i raq  lnovelaent colrtrol f u n c t i o n ,  the effects t h a t  numerous 

a o v i e ~ e n t  para l r te tess  fe,?g., t a r g e t  a m p l i t u d e ,  movement v e l o c i t y ,  

etc.) have  on the a o t o r  s y s t e m  have  been exaat ined,  T h i s  t y p e  of 
\ 

i n v e s t i q a t i o n  l e d  t o  a p h r i p h e r a l - c e n t r a l  motor c o n t r o l  

d i c h o t o ~ y .  R e c e n t  i n t e r e s t ,  however, h a s  shifted from t h e  mode 

of d o t o r  cont;rol. t o  m v e m e n t  p r e p a r a t i o n  o r  motor proqramme 

c o n s t r u c t  i o n ,  Accord iaq ly ,  the p a r t i a l  advance i n f o r m a t i o n  

paradiqm was r e f i n e d  a n d  t h e  itloveeaent p r e e u i n q  t e c h n i q u e  was 

d e v e l o p e d  as a method of s t u d y i n g  t h e  tttoverneat p r e p a r a t i o n  

process .  S e v e r a l  t h e o r e t i c a l  c o n s i d e r a t i o n s  have n o t  b e e n  

a d d r e s s e d  i a  t h e  s o v e a e n t  p t e c u i a q  app roach ,  As such ,  tho 

p r e s e n t  s t u d i e s  were u n d e r t a k e n  i n  a n  a t t e a p t  to q a i n  a mare 

c o m p l e t e  a n d e r s t a n d i n g  of the n o t o r  p s o g r a a a e  c o n s t r u c % i o n  

p r o c e s s ,  flore s p e c i f i c a l l y ,  the l aomnen t  p r e c a i n q  t e c h n i q u e  r a y  

be s u b j e c t e d  t o  two laa-jor criticislns, The first stelns frbga t h e  

u s e  of c o l o u r e d  circles as  r e a c t i o n  s t i m u l i ,  The c o l o u r e d  

circles aay n o t  h a v e  been h i q h l y  c o ~ p a t i b l e  w i t h  t h e i r  

a s s o c i a t e d  r e sponses .  I f  not, a non-motor decXsion  

( s t i r n l u s - r e s p o n s e  t r a n s l a t i o n )  con founded  t h e  reaction t h e  



measures ,  s face r e a c t i o n  t i a e  was c o n s i d e r e d  t o  reflect t h e  

r e s p o n s e  proqsamating process, a n y  t h e o r e t i c a l  i m t s r p - r e t a t i o s s  

dram f r 6 ~  %he research rust be q a e s t i o n e d ,  S e c o n d l y t  b e f o r e  a a p  

a o v e a e n t  p r e p a r a t i o n  may begin the s t i m u l u s  a u s t  b e  detected 

a n d  i d e n t i f i e d ,  T h e r e f o r e ,  p rograaming  tiae estimates aay have 

Been conf!ounded with s t i m u l u s  d e t e c t i o n / i d e n t i f  i c a t i o n  t h e ,  If 

f a r t h e r  p r o g r e s s  is t o  be made i n  the c o ~ p r e h e n s i o n  of r e s p o n s e  

g r o g r a a a i n q ,  t h e  non-notor  c o n t a n i n a t  i n g  factors need t o  be 

c o n t r o l l e d ,  Thesef om, $he p r e s e n t  i n  v e s t i g a t i o n  was u n d e r t a k e n  

to p r o v i d e  high  s t i ~ u l u s - r e s p o n s e  c o m p a t i b i l i t y  a n d  separate 

estiaates of s t i m u l o s  i d e a t i f  i c a t i o n  and response p r e p a r a t i o n  

tires, 

Since t h e  movearent p r e c u i a q  approach n e c e s s i t a t e d  t h a t  all 

m o v e ~ e n t s  be p e r f o c a e d  w i t h o u t  visual feedback, Exper imen t  T was 

d e s i q a e d  t o  d e t e r t a i n e  i f  fittst Law r e a a i n e d  uachanqed f o r  

n o a - v i s u a l l y  guided r~ovements.  EP: i s  p o s s i b l e  t h a t  t h e  

p s e p a r a t i o n  of a r e s p o n s e  may n o t  be c o ~ p l e t e d  b e f o r e  movement 

i n i t i a t i o n ,  Changes in moveittent t h e  taa p s i q n a f  i ~ c o a p l e t s  

r e s p o n s e  p z e p a r a t i o n  d u r i n g  t h o  teact ioa tisee f f this is  t h e  

case, t h e  r e l a t i o n s h i p s  o a t l i n e d  by F i t t s *  Law a u s t  be examined 

i n  t h e  a b s e n c e  of v i s i o n ,  Shen  these r e l a t i o n s h i p s  h a v e  been 
J 

d e t e r a i n e d ,  c o n c l u s i o n s  r e g a r d f n q  r e s p o n s e  p r e p a r a t i o n  a f te r  / 

aovemesat i n i t i a t i o n  may be aade, I n  Expe r imen t  1, s u b j e c t s  

per,forered a r e c i p r o c a l  tapping t a s k  with t h r e e  d i f f e r e n t  i n d i c e s  - 

of d i f f i c u l t y ,  B s t a t i s t i c a l l y  s i g n i f  i c a n t  cor re la t ib  of .72U 



was Xouaa between movement tise and  i n d e x  of d i f f i c u l t y ,  The 

r e s u l t s  i n d i c a t e d  that t h e  r e l a t i o n s h i p s  between movement t h e r  

t a rqe l :  r i d t h ,  and trrovenaent a a p l i t u d e  were lliaintained f o r  

movements w i t h o u t  v i s u a l  feedback,  

Experiment  2 a l t e r e d  t h e  ~ o v e m e n t  g r e e u i n g  t echnique  t o  

f u r n i s h  s e p a r a t e  estimates of s t i o u l n s  i d e n t i f i c a t i o n  and 

r e s p o n s e  p r e p a r a t i o n  times, S t i m u l u s  i d e n t i f  i e a t i o n  ti ie fo r  

d i r e c t i o n  was e s t i a a t e d  t o  be 202 msec and r e s p o n s e  preparation 

t i m e  22 wee, The t h e s  ,for e x t e n t  were 210 msec and 2 easec 

r e s p e c t i v e 1  y, Fur the r ,  a  r e s p o n s e  psoyramtainq a n a l y s i s  revealed 

a differential psoqraoa inq  effect between d i r e c t i o n  and e x t a n t .  

T h e  Rean RT fo r  d i r e c t i o n  was 224 tnssc . E x t e n t  o n  t h e  o t h e r  

hand had a much s h o r t e r  mean RT a t  212 tasec, H i t h  -spec% t o  t h e  

d i f f e r e n t  v a l u e s  of a f e a t u r e ,  ao d i f f e r e n t i a l  proqraaminq 

effect was noteif, The r e s u l k s  fro@ t h e  f irst  exper iment  were 

enaployed i n  a t a o v e ~ e n t  tire a n a l y s i s  so t h a t  a n y  c losed- loop  

a s p e c t s  of the t a s k  could be i d e n t i f i e d . .  The r e s u l t s  from b o t h  

t h e  i d e n t i f i c a t i o n  and proqraltlmiag a n a l y s e s  were d i s c u s s e d  w i t h  

r e f e r e n c e  t o  t h e  motor proqramae c o n s t r y c t i o n  process.  
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C h a p t e r  t 

The o r i q i n s  of pspcholtlotor l e a r n i n g  and pe r fo rmance  

r e s e a r c h ,  while being d i f f i c u l t  to i d e n t i f y ,  are also e x t r e m e l y  

d i v e ~ ~ e  i n  n a t u r e  f I r i o n ,  3969; Sirnqer, 1975), T n  s p i t e  of t h e  

diversity, r e s e a r c h  conduc?ed oa motor skills has h e n  t r a c e d  

back t o  the n i n e t e e n t h  c e n t u r y  fe ,q , ,  Bryan E Nartesc, 3897; 

Danders ,  1869; Jams, 1&,90; Q ~ o d v o r t h ,  1899). Accofd inq ly ,  three 

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

deve lopment  of l e a r n i n g  and  p e r f  ornaace t h e o r y  s ince  t h e  

h e q b n i a q  af this c e n t u r y .  The C o n n e c t i o n i s t  or 

s t i m l u s -  r e s p o n s e  1s-8 1 t r a d i t i o n  b e l i e v e d  t h e  c o n d i t i o n e d  

response was %he basic: u n i t  of l e a r n i n g  IHul l ,  19Q3; Pa~lovr 

1927; S k i n n e r ,  1931 ; Thornd ike ,  1931). Complex f t e h a v i o a r  was 

b e l i e v e d  $0 be a c h a i n i n q  t o q e t h e r  of t h e  c o n d i t i o n e d  r e s p o n s e s  

1s-8 bonds),  , b he s e c o n d  t r a d i t i o n ,  althoaqh c o n c e r n e a  with S-R 

bonds, p l a c e d  t h e  inrportance on  t h e  t e m p o r a l  r e l a t i o n s h i p s  

between t h e  s t i a u l u s  a n d  r e s p o n s e  f g a t s o n ,  1915), T h i s  

Con t i q u i t  y ( B e h a v i o u r i s t )  t r a d i t i o n  c o n s i d e r e d  a31 o t h e r .  factors 

as b e i n g  i r r e l e v a n t  t o  the S-R r e l a t i o n s h i p .  One of t h e  problears 

often i n h e r e n t  with S-3 theory is t h e  f a i l u r e  to  a c c o u n t  f o r  

c o g n i t i o n  between the s t i m u l u s  a n d  r e s p o n s e ,  Sime Ban i s  

com.plex t h i n k i n g  organism,  c o g n i t i o n  aust play  a role i n  a n y  

l e a r n i n g  or pesfornrance thbory ,  The C o q n i t i y e  t r a d i t i o n  bas 



bas& its t h e o r i e s  on t h e  p r e c e e d i n q  p remise  (Kof fka, 1935; 

The r e s e a r c h  produced by each o f  t h e s e  t r a d i t i o n s  m u s t  be 

coapllwtented f o r  t h e i r  a d d i t i o n s  t o  t h e  u n d e r s t a n d i n q  o f  

' hha . r r iou r ,  The i n a b i l i t y  of a n y  single t h e o r p  t o  e x p l a i n  

d i f d e r i n q  r e s u l t s  i n  the s t u d y  of motor s k i l l s  p r o s p t e d  

i n v e s t i g a t o r s  t o  take a n  i n f  or a a t i o n -  p r o c e s s i n g  (perf o r n a n c e )  

a p p r o a c h  t o  e x p l a i n  t h e  under ly inq a e c h a n i s n s  of behav iour .  at 

t h i s  point, it is n e c e s s a r y  t o  lrtake the d i s t i n c t i o n  between 

h a r n i a q  theory and  perf ormanee t h e o r y .  P e r f  oraance theory 

treats a s u b j e c t  a s  a n  i n f o r m a t i o n  p r o c e s s o r  composed o f  s e v e r a l  

d i f  ferenf, nechan i sms  d e s i q n e d  for t h e  d e t e c t i o n ,  r e c o q n i  tion, 

s t o r a g e  and d e c i s i o n  of a p p r o p r i a t e  a c t i o n  based  on  incoming 

iznf a r m t i o n  {Eleras te in ,  1967; H a r t e n i u k ,  1976a; Bassa ro ,  3975; 

Welford, 1975) . The s t u d y  of haman perf orenamce p r o v i d e s  an 

u n d e r s t a n d i n q  a b u t  the c u r r e n t  s ta te  of an i n d i v i d u a l ' s  

i n f o r i a a t i o n  p s w e s s i n q  c a p a c i t y  u h i l e ,  Iearaing theory h a s  

attesapted t o  deternine lsor Zhese mechanisrrrs change with trim and 

p r a d  ice, T be i n f o r m a t i o n -  p r o c e s s i n q  a p p r o a c h  a s s u m s  t h e  

p e r f o r a e r  *s c e n t r a l  n e r v o u s  s y s t e a  a c t i v e l y  o p e r a t e s  on t h e  

sensory i n p u t s  it r e c e i v e s  { B e r n s t e i n ,  3 967; Marteniuk ,  l W 6 b ) ,  

The i a g n t ,  o n c e  t r a n s f o r m e d .  is p a s s e d  on t o  s u b s e q u e n t  s t a q e s  

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

. F i q u r e  1 r e p r e s e n t s ,  i n  d i a g r a m  t ic form, a set of 

g s o c e s s e s  which are hypothesized t o  under ly  human perfor~lanrce. 
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#bile o t h e r  processes have  been proposed ,  t h r e e  a a j o r  c e n t r a l  

a e c h a n i s m s  i n v o l v e d  i n  t h e  processinq of e n v i r o n m e n t a l  s t i m u l i  

have been i d e n t i f i e d  h e r e .  These deal w i t h  p e r c e p t i o n ,  t h e  

i n t e q r a t i o n  of p e r c e p t i o n  i n t o  t h e  d e c i s i o n  of a p p r o p r i a t e  

action, a n d  t h e  o r g a n i z a t i o n  and  c o o r d i n a t i o n  of t h e  action 

( P i e t s  6 Posaer, 1967; Keele, 1973: H a r t e n i u k ,  1976a; Stemberq, 

3969; I d f o r d s  1876) . 
Cont e a p o r a r y  r e s e a r c h  h a s  c o n c e n t r a t e d  p r i m a r i l y  on the 

' p e r c e p t u a l  and d m d s i a n  ,reehanis@lts, The p e r c e p t u a l  nechanis l s  

orqanizes and c l a s s i f i e s  sensory incforraaa:ion accordinrq t o  i n p u t  

s p e c Z - f i c a t i a a s  a n d  past experiences or memory ( % e r n s t e i n  , $967;  

H a r t e n i u k ,  19769; #e l ford ,  I W S f ,  Iaf or raa t ion  r-eqardinq t h e  

p e r c e p t u a  1 e x p e r i e n c e  is t r a n s m i t t e d  t o  t h e  d e c i s i o n  ~ e c h a n i s ~  

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

qoa'l, Reaction time has been  the  dependent aaeasure most 

f rewerat1 y a s s u c i a  ted u i t h  t h e  i n v e s t i g a t i o n  of percept ion and  

d a c i s i a n .  F a c t o r s  that p r o d u c e  a d e l a y  i n  perfosraance,  as 

measured by r e a c t i o n  t h e ,  are a t t r i b u t e d  to t h e  i i r i t a t i o n s  of 

one or  b o t h  of t h e s e  processes. 

The saiate r a t i o n a l e  may be applied t o  the r e s p o n s e  or  

effector mechanism, Knowledge a b o u t  the o p e r a t i o n  of t h i s  

f e c b a n i s a  r e s a i n s  relatively i n c o m p l e t e *  The effector aechanism,  

which has  r e c e i v e d  the s p e c i f i e d  plan of a c t i o n ,  i s  b e l i e v e d  to  

select, otqanize and c o n s t r u c t  the requireii aotor conaands 

f B e m s t e i n ,  1967; UePford,  1976), I n  order t o  u n d e r s t a n d  n o t o r  



colaraaad s t r u c t u r i n q  in t h e  ef factor mechanisa ,  t h e  d i f  f eraat 

t y p e s  o f  isotor con t ro l .  must b e  d i s t i n q u i s h e d  (e, q., open  vs 

c l o s e 8 - l o o p  c o n t r o l ) ,  Open-loop or p r o g r a e r e d  rttotor c o n t r o l  is 

c o n t r o l  i a  which the r e s p o n s e  conmands are  prepared before a 

movement s e q u e n c e  b e g i n s  and, t h e  movement s equence ,  o n c e  

started, is c a r r i e d  out uraiaf l u e n c e d  by  peripheral f e e d b a c k  

(Keele ,  1968 ; Kelso 6 Stelaaach, 2976; I f e l fo rd ,  ?936), Feedback ,  

e i t h e r  i n t e r o c e p t i v e  or e x t e r o c e p t i v e a ,  is a p r e r e q u i s i t e  i n  a 

c l o s e d - l o o p  or p e r i p h e r a l  c o n t r o l  s y s t e m ,  Closed - loop  c o n t r o l  is 

a s e l f - r e q u l a t i n q  s y s t e e  as d e v i a t i o n s  f rom t h e  i n t e n d e d  

movement, s i q n a l l e d  by f eedback ,  are c o r r e c t e d  a u t m a t i c a l l y  

(Adams, 1971, '1976). I n  q e n e r a l ,  s t u d i e s  d e v e l o p e d  So i n s p e c t  

t h e  effector a e c h a n i s a  f a l l  i n t o  t h e  c l o s e d - l o o p  or  p e r i p h e r a l  

c o n t r o l  c l a s s i f i c a t i o n ,  Al thouqh r e c e n t  r e s e a r c h  h a s  q u e s t i o n e d  

e f f e c t o r  operation i n  proqrammed I cen t ; r a l )  motor c o n t r o l ,  

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

r e s e a r c h  i n  this area fe.q., s i m p l e  r e a c t i o n  time, 

s t i m u l u s - r e s p o n s e  c o m p a t i b i l i t y )  . An u n d e r s t a n d i n q  of this 

process is a n e c e s s a s y  p r e r e q u i s i t e  f o r  t h e  t o t a l  c o ~ p r e h e n s i o n  

of huaaan motor behav iou r .  

The major o b j e c t i v e  of t h i s  t h e s i s  w i l l  be  t o  develop a n  

u n d e r s t a n d i n q  of motor  coaraand s t s u c t u r i a g  bg the effector 

: Feedback  classified a s  i n % e r o c e p t i e e  r e f e r s  t o  movewent 
g e n e r a t e d  f e e d b a c k  coming fro& w i t h i n  the body (e.g,, a u s c l e  
s p i n d l e s ,  j o i n t  r e c e p t o r s ) ,  E r ? e r o c e p t i v e  f e e d b a c k  refers t o  
e x t e r n a l l y  s u p p l i e d  i n f o f a a t i o n  a b o u t  a movewent b q., v i s i o n +  
a u d i t i o n )  , 



mechanism . in  programmed c o n t r o l ,  A second,  and perhaps e g u a l l y  

important ,  goa l  i s  t h e  r e e e l a t i o n  of a new t e c h n i q u e  f o r  the 

estimation of s t i a u l n s  d e t e c t i o n  and r e c o q n i t i o n  t i m e ,  Keepinq 

these i n  mind, t h e  f o l l o w i n g  sections will b r i e f l y  discuss t h e  

current t h e o r i e s  of trovetnent control, t a s k  parameters r e q u i r i n q  

proqramninq, and %he dif d e r e n t  t e c h n i q u e s  eaployed t o  

d e a o n s t r a t e  response prepara t ion .  T h i s  r e v i e w  will s ~ n t b e s i z e  

t h e  results f r o a  several areas of research and provide the b a s i s  

for t h e  proposed o x p a i n , e n t a t i o n ,  



Chapter 2 
4 

BEVIEW OF LIPBBATUBE 

C o n c e p t s  of Hovelent Control 

T h e o r i e s  on moveatent p r o d u c t i o n  or a s t o r  c o n t r o l  h a  we 

g e n e r a l l y  been c l a s s i f i e d  under  two d i s t i n c t i v e  head ings ;  the 

first based on p e r i p h e r a l  f eedback  and the second based on  

centfa1 factors, A brief reltiew of these d i f f e r e n t  modes of 

motor control i s  necessafy  a t  t h i s  p o i n t ,  Consequently ,  t h e  

eiaphasts ia the fo l lowing  review w i l l  be  p laced  on t h e  

d i f  f e r e n t g a t i o n  of the two t h e o r e t i c a l  p o s i t i o n s  while 

delaons t r i t t ing  the n e c e s s i t y  fo r  c e n t r a l  c o n t r o l  a t  some l e v e l  of 

fsoveienk produc t ion ,  

B peripheral or  c losed- loop  systca of  control is built on 

the paceaise t h a t  three key e l e m e n t s  are p r e s e n t  i n  the central 
4 

n e r v o u s  systeea (Adam, 1976; C h a s e ,  1965; Sokolov ,  1969) , A 

closed-loop sys tem regair- feedback* an error d e t e c t i o n  

aechaaissa, and aa error c o r r e c t i o n  aechanisea f Adaas, 1 976) 

HoveBent c o n t r o l  i s  a r e s u l t  of tho c e n t r a l  n e r v o u s  s y s k e a  

receiving feedback so t h a t  the onqoinq r e s p o n s e  c a n  be cqapared 

with a r e f e r e n c e  fe ,g , ,  p e r c e p t u a l  trace). If an  error is 

detected, it i s  c o r r e c t e d  to m i n i ~ i z e  the d e v i a t i o n  between the 

currela* state o f  the response and the d e s i r e d  r e s p o n s e  o u t p u t  

(Adws, 19711 1976; Keelle, 1468; Klapp, 1970). Aqairn, a 

c l o s e d - l o o p  sys tem i s  self- regulatinq s ince  these c o a p e n s a t i o n o  

7 



fo r  d i s c r e p a n c i e s  frow t h e  ref e s e n c e  occur a u  t o m a t i c a l l  y. 

The fact r e ~ a i h s ,  however, t h a t  even i n  a c l o s e d - l o o p  

s y s t e a ,  a aaovement s u s t  be r e t r i e v e d  froa s t o r a g e  OX: prepared 

befate i n i t i a t i o n  i s  p o s s i b l e  (Adams, 1976), To t h i s  e n d ,  the 

p r o c e s s e s  involtred up t o  t h e  p o h t  of laoveaenk i n i t i a t i o n  must 

be  open-loop, Evea thouqh r e s p o n s e  p r e p a r a t i o n  must be 

open-loop, c losed- loop  t h e o r i e s  qire  a n  e x c e l l e n t  e x p l a n a t i o n  of 

f eedfrack based now mat c o r r e c t i o n s ,  N e v e r t h e l e s s ,  c l a s s d - l o o p  

c o n t r o l  a d v o c a t e s  c a a n o t  e s c a p e  this a r g u 8 e n t  or some version o f  

this arquseat, T h e r e f o r e ,  a c l o s e d - l o o p  system c a n n o t  a c c o u n t  

f o r  t h e  total c o n t r o l  of snovelaent. As such,  paoqram~ed  or 

o p e w l o o p  c o n t r o l  becoaers i a c r e a s i n q l y  more i a p o r t a a t ,  

Feedback, a p r e r e q u i s i t e  for  c l o s e d - l o o p  c o n t r o l ,  i s  deemed 

unnecessa ry  f o r  the p r e p a r a t i o n  of soweeaent i n  proqrapmed o r  

open- loop c o n t r o l  s y s t e m s  (e, q. ,  Kelso 4% S t e l a a c h  , 1376) It: is 

assusned , that the h i g h e r  s t r u c t u r e s  of t h e  c e n t r a l  n e r v o u s  syslteta 

a l r e a d y  p o s s e s s  a l l  t h e  i n f o r m a t i o n  n e c e s s a r y  for r e s p o n s e  

prograaiuing. Psogralemed o r  open-loop c o n t r o l   the^ , is controX i n  

w h k h  t h e  response  coamands a r e  p r e p a r e d  before a a o r e a e n t  

sequence  begins, The motor proqraaae ,  once s t a r t e d ,  is c a r r i e d  

out n a i n f  luenced  b y  p e r i p h e r a l  f eedback  (Keele, 1968; K e l s o  E 

S t e l s a c $ ,  3976; Uelford ,  1976).  

Two p o s s i b i l i t i e s  e x i s t  i a  e x p l a i n i n q  how m o v e ~ e n t  c o a m n d s  

are a v a i l a b l e  b e f o r e  movement e x e c u t i o n .  F i r s t ,  t h e  c o m p l e t e  set - 

of coamanils map a l r e a d y  be stoma i n  long-term a e m r y  and only 



r e t r i e v a l  is r e q u i r e d  b e f o r e  e x e c u t i o n ,  I n  c o n t r a s t ,  o n 1  y 

g e n e r a l i z e d  p l a n s  of action are stored, while ,  retrieval. of t h i s  

p l a n  and t h e  e n s u i n q  s t r u c t u r i n g  of coamands are r e q u i r e d  in 

advance of movement i n i t i a t i o n  [ a s  r e g l e c t e d  i n  p r o q r a ~ m i n q  

times), P h i l e  t h e  f i r s t  c h o i c e  a p p e a r s  t o  be e x t r e m e l y  p l a u s i b l e  

on  the  s n r f a c e ,  bahavioaral r e s e a r c h  h a s  r e f u t e d  t h i s  

a l t e r n a t i v e ,  B e h a v i o u r a l  research o n  response  p r o g r a  mainq h a s  

d e m o n s t r a t e d  choice r e a c t i o n  time eff ec ks a t t r i b u t e d  t o  

p r o q r a m ~ i n q  f a i l  ta d i s e i p a t e  e v e n  in well l e a r n e d  r e s p o n s e s  

(Klapp, 1974, 1976; Bosenhaum, 197%). Zf Sonq- t e ra  tsemorp was 

t h e  ~ e d i a t o s  s f  r e s p o n s e  p r o q r a m i n q  t h e n  t h e  c h o i c e  r e a c t i o n  

I the  effects would e v e n t u a l l y  d i s a p p e a r  w i t h  practice, Sface 

proqraaaminq takes time, lonq-  term meiaory h a s  encoded  t h e  

r e s p o n s e  i n f o r m a t i o a  i n t o  a form which i s  n o t  readily a c c e s s i b l e  

far p r o q r a m i f n q  {Blapp, 1376, 1977). Clearly, arao-ther 

explamticrn is n a r r a t e d .  The s e c o n d  h y p o t h e s i s  i s  the one 

a c c e p t e d  h e r e  and  i t  seems t o  have  a sound theoretical base i n  

S c h s i d t 1 s  (3975) Scheaa Theory of m t o r  s k i l l  a c q u i s i t i o n  

( f u s t h e r  e x p l a n a t i o n  may be f o u n d  i n  a s u b s e q u e n t  section). 

Futhesaore, s e v e r a l  assnmptioas underlying a n  

inf o r s a t i o n - p s o c e s s i n q  appsaach of sotor perf omsaace are i n  

a c c o r d a n c e  or-itb thf s h p p o t h e s i s ,  

The effector mechanism noted i n  t h e  i n f o r m a t i o n -  p r o c e s s i n g  

a8aoael i n  F i g u r e  t i s  hypo-thesized t o  have sewera1 f u n c t i o n s ,  

F i r s t ,  t h e  aotor cona~iinds associated .wi th  t h e  s e l e c t e d  plan of 



a c t i o n  etusrt be o r q a n i z e d  into a s equent ia l  order I B e r a s t e i n ,  

1967; i f e l f o r d ,  1976). Second, t h e  aator canmands need  t o  be 

c o m p l e t e d  a c c o r d i n g  t o  the task r e g u i r e i m n t s .  P i n a l l y ,  t h e  

response Bast be i n i t i a t e d ,  These f u n c t i o n s  r e q u i r e  the p l a n  o f  

action (motor programme) t o  b e  i n c o m p l e t e ,  open - loop  c o n t r o l ,  

f o r  a t  least the first p o r t i o n s  of a movement, i s  a n  u n d e r l p i ~ q  

a s s u m p t i o n  of t h e  i n f o r m a t i o n - g s o c e s s i n g  approach .  

Hybrid s y s t e m  of motor c o n t r o l  are also p o s s i b l e ,  Both 

f e e d b a c k  a n d  p r o q r a a a e d  c o n t r o l  o p e r a t e  i n  a hybrid s y s t a n  

(Ke&a, 1968; Reele 6 S u u w r s ,  $976; Klapp, 197%) ; t h a t  is, t h e  

first s e q e n t  of a movement is  under proqraamed c o n t r o l  and ,  a l l  

sabgieqnent  segments are d e p e n d e n t  on  t h e  f e e d b a c k  from t h e  

preceedi rs  q segmlrsnt, Nevt ; r%heless ,  some partion o f t h e  mo veaaent 

Bust be p r o q r a m e d ,  Proqraawed or open-loop c o n t r o l  t h e n ,  h a s  a n  

i n p o r b n t  role i n  human motor beharrkour, As s u c h ,  t h e  e v i d e n c e  

for  open- loop  c o n t r o l  r e q u i r e s  c a r e f u l  c o n s i d e r a t i o n .  

r n  order t o  e x p e r i m e n t a l l y  ~ e r i f  p t h e  c o n c e p t  of prggraagaed 

c o n t r o l ,  two d i f f e r e n t  a p p r o a c h e s  h a v e  b e e n  enpkoyed. The first,  

which elrphasizes t h e  Pack of f e e d  back cri tesion, was first 

proposed  by L a s h l e y  (1 917). L a s h l e y  d e v i s e d  the motor proqsamwe 

a s  a n  e x p l a n a t i o n  for  a c c u r a t e  aotor c o n t r o l  i n  a p a t i e n t  who I 
t 

had  n o  a f f e r e n t  i n p u t  d u e  t o  a g u n s h o t  wound of t h e  s p i n a l  cord, 



L a s h l e y  (1951) reaf firaed h i s  p o s i t i o n  o n  central c o n t r o l  via a 

~ o t o r  proqraame a l t  houqh, e x p e r i m e n t a l  e v i d e n c e  f o r  h i s  p o s i t i o n  

was minimal,  

S i n c e  t h a t  time, numerous s t u d i e s  have s o u q h t  to support 

L a s h l e y e s  f 995 1) p o s i t i o n  w i t h i n  this l a c k  of f eedback  
/ 

f samework, T h e  t e s h n i q u e s  coamonlg  associaked w i t h  t h i s  a p p r o a c h  

are d e a f f e r e n t a t i o n  and rapid movement, Both a t t e r a p t  t o  

e l i m i n a t e  t h e  u s e  of f e e d b a c k  and p e t ,  Both are  n o t  w i t h o u t  

t h e i r  d i f  f icalities, \ 

Hang! s t u d i e s  have  d e a o a s t r a t e d  t h a t  eaoveraeat s e q u e n c e s  are 

t m i n t a i n e d  a f t e r  s u r q i c a l .  re laova l  of k i n e s t h e t i c  f e e d b a c k  i n  

a n i s a l s ,  V i l s o n  (1 J 6 l f  s e v e r e d  a l l  t h e  a f f e r e n t ,  n e r v e s ,  which 

s e n d  i r n f o r a a t i a n  a b o u t  t h e  winqbea t ,  in a locust, The p a t t e r n  of 

r i n q b e a t s  r e m i n e d  whi l e ,  t h e  o v e r a l l  rate of bea t i raq  h a d  

slowed, w i l s o n  (196 3 )  c o n c l u d e d  that t h e s e  r e s u l k s  could only be 

e x p l a i n e d  bp central c o n t r o l ,  I n  a s i a i l a r  e x p e r i m e n t  b y  

Efottebahm (1970), t h e  afferent n e r v e s  from a b i r d  % v o c a l  a n d  

audikazy systeras ware cut. l o t t e b o h l a  r e p o r t e d  that the b i r d ' s  

s o n g  still relaained, F a r t h e r ,  one  side of t h e  h y p o q l o s s a f  n e r v e  

i n n e r v a t i n q  the vocal system. was also s e v e r e d ,  Upon the boss of 

these e f f e r e n t  nerves,  p o ? t i o n l s  o f  t h e  b i r d e s  s o n q  d ropped  o u t ,  

The s e g m e n t s  of t h e  sonq  which were p o s s i b l e  s t a y e d  in the 

proper t h e  sequences ,  Bqain, proqramated c o n t r o l  was r u l e d  the 

o n l y  e x p l a n a t i o n  since m i s s i n q  k i n e s t h e t i c  and  a u d i t o s  y feedback - 

was n o t  n e c e s s a r y  fo r  t h e  g e n e r a t i o n  of t h e  r e t aa in inq  p o r t i o n s  



of t h o  sonq,  oni is hi (1865) , after aeaf eniaq gounq birds exwsed 

to a d u l 5  sonq, found  t h e  song  p a t t e r n  c o n t i n u e d  t o  d e v e l o p  w i t h  

no decre laents  i n  perf orlaance, Xf f eedback  was required for t h e  

song  p a t t e r n ,  p e r f o r r a n c e  would have been s e v e r e l y  h a a p e r e d *  

' K o a i s h i  (1965) conc luded  t h a t  some type of c e n t r a l  proqraglate was 

u s e d  t o  g e n e r a t e  Ohe soxlq. 

s i n c e  motor c o n t r o l  in a n i m a l s  f a r  down t h e  evolutionary 

scale nay be e z t r e t a e l y  d j i f f e r e n t  t h a n  t h a t  of  humanse 

e x p e r i a e n t a t i o n  on higher o r d e r  an ima l s ,  s u c h  a s  monkeys, h a s  

been c o n d u c t e d  (e.q,, Bossor t Dmaaya, 1968; Hott C Sherr r inqton ,  

1895; Tavb 6 Berman, 1968; Faub, Perella, t Barro, 1973; 

T w i t c h e l l ,  195B). The p r o b l e s  with t h e  m a j o r i t y  of these s t u d i e s  

is t h e  f a f l u r e  t o  a c c o u n t  f o r  visual, feedback, F r e q u e n t l y ,  

v i s u a l  feedback say be s u b s t i k u t e d  dor k i n e s t h e t i c  f eedback  and 

p r o v i d e  quidatnce f o r  t h e  dezlfferented l i m b s ,  The visual guidance 

p r o b l e a  was r e s o l v e d  when Taub et al, (1973) deaf fererated and 

blindied neonate ronkeys ,  Reasonably  a c c u r a t e  and c o o r d i n a t e d  

per  h r m a n c e  was still poss ib le  Pa s e v e r a l  a c t i v i t i e s  af tier 

b i r t h ,  a l t h o u g h  rrision was removed, several r e s e a r c h e e s  have 

q u e s t i o n e d  Tauba s deaf fereatatioa process (e .q., Bossoa i y d  

OBtabapa, d 968) ; t h e  criticisaa Be ing  t h a t  a few af f e s e n t  f i b e r s  

may have  remained  i n t a c t ,  Even so, the results of s u r q i c a l  

F rjetumal of feedback i n  hfqker o r d e r  a n i i a a l s  cannot be discounted 

j s i n c e  c o n r e r g i n q  r e s e a r c h  r e g u l a r l y  points t o  t h e  central 
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c o n t r o l ,  an in t a l  f u n c t i o n s  may be d i f f e r e n t  t h a n  t h a t  o f  humans, 

Obv ious ly ,  deaf f e r e n t a  t i o n  i n  h u a a n s  c a n n o t  be pe r fo rmed ,  

Thus, d i f f e r e n t  a p p r o a c h e s ,  s u c h  a s  t h e  p r e s s u r e  c u f f  [ n e r v e  

COB p r e s s i o n  block) and X y l o c a i n e  n e r v e  block, h a v e  eraerqed. 

S e n s o r y  f e e d b a c k  below t h e  p o i n t  of a p p l i c a t i o n  of a p r e s s u r e  

cnff is assumed ta be  c u t  off due to t h e  occluded b lood  s u p p l y  

while, t h e  motor n e r v e s  are believed t o  be u n a f f e c t e d ,  

fnterpret ive  p r o b l e a s  haps a p p e a r e d  w i t h  t h i s  type of 

e x p e r i m e n t a t i o n  [e, g, , Kelso, Steli t tach E Oanamater,  197U; Kelso, 

Wallace, Steleaach 6 Reitz, t 975)- Kelso e t  a l .  , f t 97Y) t e s t e d  t h e  

u l n a  a n d  median motor n e r v e  c o n d u c t i o n  v e l o c i t i e s  and  t h e  

a m p l i t u d e  of muscle a c t i o n  potentials above t h e  p a i n t  of 

a p p l i c a t i o n  of t h e  p r e s s u r e  c n f f ,  Both t h e  v e l o c i t y  and action 

p o t e n t i a l  a m p l i t u d e  show& e x t r e m e  d e c r e m e n t s ,  Thus, motor 

i m p a i r ~ t e n t  was a c o n f o a n d i n q  variable w i t h  t h i s  t e c h n i q u e .  T h e  

Xyloczrrinrz nerve b3ock suffers  -froa a sitsilas problem s i n c e  t h e  

e x p e r i m e n t e r  c a n n o t  costrol. t h e  a n a e s t h e t i c  fsom spreadinq t o  

soZIor n e r v e s ,  Prowins  (1958) for exalaple* d i s c o v a r e d  t h a t  there 

uas a m a l l  d e c r e r e n t  i n  finger t a p p i n g  w i t h  t h i s  t e c h n i p u e  and 

claimed s n p g w r t  for t h e  n o t i o n  of central  motor c o n t r o l ,  Botol: 

n e r v e  i s p a i r s e n t  c o u l d  ahso be a c o n f o u n d i n g  factor i n  t h e  

Xylocaiae n e r v e  b lock ,  B e ~ e r t h e l e s s ,  t h e  trends sxlgqest  t h a t  

p r a q r a m m d  motor c o n t r o l  is viable,  



Another method af rendearinq feedback u s e l e s s  is r a p i d  

aoseaemt, The ratiotlale behind t h i s  approach  i s  t h a t  the 

r e s p o n s e  is c o a p l e t o d  b e f o r e  any feedback  a s s o c i a t e d  w i t h  t h e  

movement c a n  b e  of any  v a l u e  for c o r r e c t i o n s ,  Behav ioura l  

s t u d i e s  h a v e  r e p o r t e d  t h e  t i a e  r e q u i r e d  t o  react to  k i e e s t h e t i c  

s t i a u l i  was appror3mate ly  900 msec o r  greater {Glencross,  1976; 

Keele, l9683. E v a r t s  a n d  F a o j i  11974) , however, have  sBom t h a t  

aonkeys aafe c o r r e c l i o a s  i n  30-40 asec .  These a p p e a r  t o  be 

spinal r e f l e x e s  whi le  loarq-loop c o r r e c t i o n s  r e q u i r e  

approxilraately 80 aasec, From these times, one uoa ld  assume t h a t  

c o r ~ e c * i o n a  l a d e  a t  t h e  s p i a a l  l e v e l  are n o t  under  coqn i - t ive  

c o n t r o l ,  The motor proqratarne must  c o n t a i n  a form of i r n f o r a a t i o n  

t h a t  a l l o w s  l a r q e  d e v i a t i o n s  froat t h e  i n t e n d e d  response  t o  b e  

a l t e r e d  a t  the s p i n a l  l e v e l ,  Lonq-loop c o r r e c t i o n s  are t h o u q h t  

t o  fre based on propr ioceptPwe i n f o r a a t i o n  [ E v a r t s  8 T a n j i ,  

1974). 1% a p p e a r s  a s  thouqh  t h e  majority of t h e  s t u d i e s  wishing 

t o  e l i m i n a t e  feedback th rouqh  r a p i d  a o v e a e n t  a a y  have had  

movement d u r a t i o n  tims which were t o o  l eng thy ,  Althouqh t h e s e  

s t u d i e s  d o  have  p r o c e d u r a l  d i f f i c u l t i e s ,  they l e a d  to the 

c o n c l u s i o e  oP prcrqraamed c o n t r o l ,  I f  pfoqraolsed c o n t r o l  can be  

deraomstrated b e h a v i o u r a l l y ,  then p e r h a p s  proqra~mi-nq tiartes f o r  

v a r i o u s  components  of movements c a n  b e  e s t i m a t e d  throuqh t h e  

s t u d y  of r e a c t i o n  tiees. 

.. The preceedhg s t u d i e s  emphasized the lack of feedback 

c r i t e r i o n  a s  e v i d e n c e  for programmed c o n t r o l ,  A second,  and 



c ~ n r e s q i n q ,  method of a s s e s s i n g  proqramaed c o n t r o l .  h a s  

c o n c e n t r a t e d  on the s t r u c t n r i n q  and p r e p a r a t i o n  of comaaands 

b e f o r e  movement occurs (Khpp,  1978), R e a c t i o n  C i r r e  1BT) 

d i f  fere~a~es are c o n s i d e r e d  t o  be e v i d e n c e  of p r i o r  s t r u c t u r i n q  

of comrands, s i n c e ,  t h e y  are p roposed  t o  be a function of the 

n a t u r e  of t h e  response to be made (Kerr, 1977; K l  app, 1 978; 

Rosenbaum, t 978) . P h i s  approach h a s  e n a b l e d  r e s e a r c h e r s  t o  study 

the preparation of taotisr hesponses and t h e  properaies of t h e  

The  s t u d y  of gotor r e s p o n s e  p r o c e s s e s  w i th  r e a c t i o n  time 

aeasures a p p e a r s  t o  h a v e  a contemporary o r i q i n  i n  the Bemory 

Drniln t h m q  of Henry and R o g e r s  (1960) . Henry a n d  B o q e r s  f 1960) 

measured t h e  r e a c t i u a  tinte of subjects for t h r e e  movemeats of 

dPfhexrent c o m p l e x i t i e s ,  The a o r e ~ e n t s ;  were 11) a silr tple fimqer 

l i f t  off of a s w i t c h ,  (2) r e a c h i n g  forward a n d  u p  to w a s p  a 

t e n n i s  ball, a n d  (3) a c o s p l i c a t e d  series of m o v e m n t s  and 

a o v e m m t  r e v e r s a f i s  which involved h i t t i n g  a baf 1, pnsh ing  a 

butto& an8 h i t t i n g  a second b a l l .  All aoveaents e r e  t r i q q e r e d  

w i t h  a n  aaditorp qo s i g n a l  and r e a c t i o n  time was Sound t o  

s i q n i f i c a a t l y  increase wi th  t h e  coap lex i tg  of movement. These 

r e s u l t s  were . i n t e r p r e t e d  in term of a netrory drum t h e o r y  of 

neuroslo-toa r e a c t i o n ,  S p e c i f i c a l l y ,  a more c o n p l i c a t s d  pattern of 



acrrremeat r e q u i r e d  a  l a n q e r  l a  teat t h e  because  "of B o r e  

compl ica ted  c ircn la t ion  of n e v r a l  i a p u l s e s  t h r o u q h  t h e  

c o o r d i n a t i o n  center* (Eienry 6 Rogers, 1960). This 

i n t e r p r e t a t i o n  is a n a l a g o u s  t a  t h a t  o f  s e s p o n s e  p r o q r a a e i n q  or 

o p e ~ l o o p  c o n t r o l .  By ho ld inq  p e r c e p t u a l  and d e c i s i o n  v a r i a b l e s  

c o n s t a n t ,  changes  i n  r e a c t i o n  t iae are i n t e r p s e t e d  as v a r y i n q  

declmes of r e s p o n s e  p~ograaas iaq ,  If t h e  a o t o s  p r ~ q r a e t a s  -was 

s latply stored i n  long-term saeaory, a  g z e a t e r  * c i r c u l a t k o n  of 

n e u r a l  i a p u l s e s m  would h,& be r e q u i r e d .  T h e  time n e c e s s a r y  t o  

select a  notor p r o g r a a a s  shoald Be f a i r l y  c o n s t a n t ,  T h e r e f o r e ,  

r e s p o n s e  p r a q r a n a i n q  r u s t  o c c u r  i n  a lremory s t a t e  o t h e r  t h a n  

l o n g - t e r a  rewry (i,e. , s h o r t - t e r a  tremorlp) , flenry (196 lt s t a t e d  

t h a t  a nore  comp5ex response  n e c e s s i t a t e d  a l a r g e r  proqraalae, 

Thus, r e a c t i o n  time i s  lonqss since store t h e  is  needed t o  

complete t h e  psograane,  T h i s  r e s e a r c h  provided o n e  the f i r s t  

f n d i c a t i a n s  of proqrantlnted c o n t r o l  which was not based  on t h e  

l a c k  of f e e d b a c k  c r i t e r i o n ,  

other i n g n i r i e s  oa t h e  effects 05 t a s k  paraate*rs on 

r e a c t i o n  t i a e  i n  proqrammd c o n t r o l  r e a a i a e d  s p a r s e  u n t i l  t h e  

s a u d ~  i n  this area when they inves- t iqa ted  t h e  role of task 

parareters on the r e a c t i o n  t i ~ e  of v e r b a l  r e sponses ,  Choice 

~eact ion  time was found t o  i n c r e a s e  with the number of s y l l a b l s s  

to .be pronounced. A s  t h e  nurrtber of s y l l a b l e s  iricreases, the time 

to  read and perc iewe these was postulated t o  chaaqe 



a p p z o p s i a t e l y  [ E r i k s e a  et  al., l97Of ,  Klapp, a n d e r s o n  a n d  

B e s r i a n  f 1973) q u e s t i o n e d  whe the r  t h e  p r e c e e d i n q  e x p l a n a t i o n  was 

a p p r o p r i a t e .  I n  a progra~miag e x p e r i a e n t  a s i g l p l e  v o c a l  r e s p o n s e  

f yes or no) was made as t o  whether  a visually p r e s e n t e d  word was 

an anirsal or an objrkcrt, The nulaber of s y l L a b l e s  failed L o  

p r o d u c e  any c h a n g e s  in choice r e a c t i o n  t he ,  I f  t h e  d i f f e r e n c e s  

i a  r e a c t i o n  t h e  are 3 f u n c t i o n  of t h e  p e r c e p t u a l  p r o c e s s ,  

h i q h e r  response i n i t i a t i m  times s h o u l d  have  been p r e s e n t .  

C l e a r l ~ ,  an al4xwaaitioe e x p l a  n a t f  on may be needed. The s y l l a b l e s  

t o  be pronounced raw& be p t o q r a m ~ e d  between s t i m u l u s  o n s e t  and  

the s t a r t  of the  a r t i c u l a t o r y  response, Hence, v a r i a t i o n s  i n  

r e a c t i o n  tims tray aa2y be a t t r i b u k e d  t o  t h e  programniinq of t h e  

a r t i c % t l a t o r g  response [Green ); S h a l l i c e ,  1976; K l a p p  et al., 

1973). It appears as thouqh r e a c t i o n  tittle can b e  used ts 

desafmstrate proqramt~s;d c o n t r a l ,  I f  t h i s  is t h e  case, a r e  t h e s e  

results c o a g r n e n t  w i t h  c u r r e n t  t h e o r e t i c a l  p o s i t i o n s  on e o v e a e a t  

g e n e r a t i o n  and h a r n i n q ,  

The use of r e a c t i o n  time to assess programied  c o n t r o l .  seeas 

t o  have n sound t h e o r e t i c a l  base i n  S c h s i d t t s  f 1975) Schee~a 

Theory  of notar :  s k i l l  a c q u i s i t i o n ,  Schmatidt (1975) h a s  p o s t u l a t e d  

two s e n o r y  spsteas for  noveeent ;  t h e  first known as a recall 

scheaa, and t h e  s e c o n d  c a l l e d  a r e c o q a i t i o n  schema, T h e  r eca l l  

s c h e a a  is r e s p o n s i b l e  fur the q e n e r a t i o n  oE movement w h i l e ,  t h e  

r e c ~ q n i t i o n  scherra i s  t h e  aeaory s t a t e  r e s p o n s i b l e  for  t h e  

e v a l u a t i o n  o f  i n c o a i n q  f e e d b a c k  produced  by noveinent, The recall 



schema i s  t h e  &emosp s ta te  which is r e l e r e n t  t o  response 

proqrataatinq, I t  i s  h y p o t h e s i z e d  t h a t  t h e r e  a r e  q e n e r a l i  zed motor 

gxoqraaamies s t o r e d  i n  t h e  recall scheina [Schnidt ,  1975) a The 

g e n e r a l i z e d  motor prograsere r e q u i r e s  d e t a i l e d  r e s p o n s e  

s p o c i f  i c a t i o n s  (e, q., movement d u r a t i o n ,  movenent speed,  etc, ) 

t h a t  deternaine how t h e  progranme is t o  b e  execu ted .  Response 

s p e c i f i c a t i o n s  a r e  de termine4 a c c o r d i n q  to t h e  in i t i a l  

c o n d i t i o n s  fe, q, , c u r r e n t  l i m b  p o s i t i o n )  and t h e  d e s i r e d  

outcope,  The response s p e c i f i c a t i o n s  a r e  t h e  p a r a m e t e r s  

r e q u i r i n q  prograltlltlinq and aay be a s s e s s e d  and p o s s i b l y  e s t i n t a t e d  

b y  r e a c t i o n  time, P i q u r e  2 froill Scketidt 41975) deraons t ra tes  t h e  

h y p o t h e s i z e d  movement g e n e r a t i o n  p r o c e s s  d e s c r i b e d  above,  

R e a c t i o n  t i m  a l s o  a p p e a r s  t o  have sound t h e o r e t i c a l  

i n p l i c a t i o n s  i n  r e l a t e d  r e s e a r c h  on menta l  processes .  In f a c t ,  

many neaofy models a s s n a e  t h a t  BT reflects aemory r e t r i e v a l  time 

fe, q, , S t e s n b e r q ,  t 969) , S t e r n h e r q  (1 969) demoas t ra ted  t h a t  RT 

i n c r e a s e s  l i n e a r l y  with t h e  numbez of iteras t o  be  sea rched  i n  

memory, P a c h e l l a  (1 974) h a s  provided a n  e x c e l l e n t  r e v i e w  on t h e  

varyinq u s e s  of RT for t h e  reader i n t e r e s t e d  i n  t h e  p o s s i b l e  

i n t e r p r e t a t i o n s  of RT r e s e a r c h ,  S i n c e  the use of r e a c t i o n  time 

has a s t r o a q  t h e o r e t i c a l  base (em q,, Henry E Rogers, 1960; 

Schmidt, 1975; S t e r n b e r q ,  1969) and h a s  been used t o  v a l i d a t e  

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

t e c h n i q u e s  employed becomes n e c e s s a r y  a 
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B s u b t l e  d i f f e r e n c e  e x i s t s  beeween the laethod of Henry and 

IZOqess (39.60) and those of t h e  researchers i n v o l v e d  w i t h  verba l  

responses .  g h i l e  Benry and Rogers f 1 9 5 0 )  used  simple r e a c t i o n  

t i m e ,  t h e  d a t a  presented on a r t i c u l a t o r y  r e s p o n s e  proqramminq 

are based on  c h o i c e  r e a c t i o n  t i a e s .  The aforeaent ioned 

d i s t i m t i o n  may seem r e l a t i v e l y  i n s i g n i f i c a n t  b u t ,  two s c h o o l s  

of thouqbt have  emerged on the proper e x p s r i n e n t a l  t e c h n i q u e  for 

examining progsaaaed con.trol throuqh r e a c t i o n  time. The 

f o l b w i n g  sect ions w i l l  present Z base methods, their 

s h o r t c o n i n q s ,  and d a m n s t r a t e  why a new approach may be 

necessary, 

The nse of r e a c t i o n  t i n e  for t h e  i n v e s t i q a t i o n  of 

p e r c e p t u a l  and d e c i s i o n  prwesses has been a common practice for 

many r e s e a r c h e r s ,  s i n c e  t h e  s t u d y  of r e s p o n s e  programming 

th rouqh  rrtactian t i a e  i s  a relatively nee concept ,  a contxoversy 

on the p r o p e r  experimnta2 approach  h a s  s n r f a c e d z ,  Cho ice  

r e a c t i o n  time, r a t h e r  t h a n  s i m p l e  r e a c t i o a  time, appears t o  tie 

favoured  by t h e  m a j o r i t y  of r e s e a r c h e r s .  g l a p p  43976, 1978) h a s  

been the pr imary  a d v o c a t e  af c h o i c e  r e a c t i o n  .time, v h i l e ,  Henry 

2 B h i l e  avserous reaction trme techniques have been deve loped  t o  
s t u d 7  huaan motor behav iour ,  o n l y  a few are d i s c u s s e d .  The 
reader wishing a mure e x t e n s i v e  rev iew is r e f e r r e d  to P a c h d l a  
{I  974) and Tay lo r  (197.6) . 



(e,q,, Henry 6 Roqers, 1960) has s u g g e s t e d  t h a t  sirple r e a c t i o n  

time b e  used ,  Bosenbaua f1980) seems t o  have med ia t ed  t h i s  

c o n t r o v e r s i a l  t o p i c  by combin ing  the b e n e f i t s  of both ,  Uhat are 

t h e  d i f f e r e n c e s  be tween  t h e  two a p p r o a c h e s  a n d  wha t  are t h e  

b e n e f i t s  of each? 

The time a t  which t b e  s u b i e c t  is in fo rmed  which response is 

t o  be produced  is what d i f f e r e n t i a t e s  sf ~ p l e  a n d  c h o i c e  r e a c t i o n  

titees, s u b j e c t  perfoswi'mq i n  a s i m p l e  r e a c t i o n  t i re  parad iqm 

has b e e n  t o l d  in a d v a n c e ,  which r e s p o n s e  is t o  be performed 

before some form of aqoe s i q n a l  is presented,  fn c t o n t z a s t ,  t h e  

rnqo* siqnali also i n f o r m  t h e  perforaer which of s e v e r a l  

responses is  r e q u i r e d  i n  a c h o i c e  r e a c t i o n  t i i n e  pazadigia,  T h e  

d e c i s i o a  of which r e s p o n s e  to a a k e  is comple t ed  i n  a d v a n c e  of 

t h e  start s i g n a x  i n  s i m p l e  r e a c t i o n  t h e ,  I n  a d d i t i o n ,  t h e  

r e s p o n s e  may be p r o q r a ~ a e d  pr ior  t o  t h e  start s i q n a l .  Choice 

reaction time, however,  is a f u n c t i o n  of t h e  

d e t e c t f  o a / r e c o q a i t i o n ,  d e c i s i o n ,  and r e s p o n s e  p r o c e s s e s  as a11 

operations are s t a r t e d  once  t h e  s i q n a f  to beqin e x e c u t i o n  i s  

p r e s e n t e d ,  ~ i f f i c u l t i e s  with both of t h e s e  t e c h n i q u e s  Pay be 

iaent  i f i e d ,  

Zn a s i r p l e  r e a c t i o n  t i a e  paradigm, a o t i v a t e d  sufi jects 

nt ili ze t be  advance  i n f o r m a t i o n  and proqraatme t h e  r e s p o n s e  p r i o r  

t o  t h e  e x e c u t i o n  s t i a u L u s ,  S i m p l e  r e a c t i o n  t h e  w i l P  be s h o r t e r  

t h a a  c h o i c e  r e a c t i o n  time f o r  t h e  mete s i t u a t i o n  ( ~ P a p p .  1978) , 

If s u b j e c t s  are n o t  m o t i v a t e d  to  u s e  t h e  advance  i n f o r m a t i o n ,  no  



d i f  f e s e n c e s  Between s i a p l e  and c h o i c e  r e a c t i o n  time ril l  b e  

obse rved ,  ~ l s o ,  t h e  differences which may a p p e a r  due .to 

prograsnainq cannot  be d i s t i n g u i s h e d .  T a b l e  1 from Klapp f3931) 

i l l u s t r a t e s  these p o i n t s ,  S u b j e c t s  were r e q u i r e d  t o  press a 

t e l e g r a p h  k e y  fo r  two d i f f e r e n t  d ~ x r a t i c r n s  of time. A s h o r t  p r e s s  

c o r r e s p o n d e d  t o  a Horse c o d a  " d i t n  a n d  t h e  lonqex: p r e s s  was a 

WdahH, The wean siaapie r e a c t i o n  time of 2Ufi a s s ,  was much 

E a s t e r  than t h e  370 msec for the c h o i c e  r e a c t i o n  titee p a r a d i q a .  

f f s d a p l e  r e a c t i o n  'tiole sas e a p l o y e d  by  i t se l f ,  t h e  proqramaaainq 

effect d e l s o n s t s a t e d  by chuice r e a c t i o n  time would be mis sed ,  

Simi las lg . ,  s u b j e c t s  l a c k i n g  raot iva t i o n  -need n o t  use t h e  a d v a n c e  

hfossat ion,  Bs a r e s u l t ,  proqraraainq effects become d i f f i c u l t  

to interpret, 

Klapp  ift976,19?8,1979) has a d v o c a t e d  t h e  u s e  oE c h o i c e  

r e a c t i o n  t i m e  i n  the s t u d y  of r e s p o n s e  programainq  w i t h  s i a p l e  

r e a c t i o n  t h e  s e r v i n g  s t r i c t l y  a s  a c o n t r o l .  Rhy i s  s i n p l e  

r e a c t i o n  time necessary? Klapp  (1878) h a s  s u g g e s t e d  s e v e r a l  

nonproqraaminq  v a r i a b l e s  can  i n f l u e n c e  b o t h  c h o i c e  and s imp1  e 

r e a c t i o n  time. Changes i n  s i r t tp le  r e a c t i o n  t i a e  i n  raortivaSed 

subjects could ref1 ect: 

1 ) apparatus a c t i v a t i o n  a r t i f a c t s ,  

2 )  differences between r e s p o n s e s  i n v o l v i n q  p e r i p h e r a l  

r a t h e r  t h a n  c e n t r a l  c o n t r o l ,  and  

3) nonprograntminq c e n t r a l  p r o c e s s e s  {Rlapp ,  1978) 

I f  d i f f e s e n c e s  are o b s e r v e d  i n  b o t h  s i m p l e  a n d  c h o i c e  reaction 



Table 1 

Mean RT f o r  Movement Dura t ion*  

Response 

Condi t ions  d i  t dah Me an  

Choice 358 3 8 2  3 7 0  

Simple 2 4 6  2 4 5  2 4 6  

\ 

adap ted  from 



t i  ates, a n d  t h e  effect o n  c h o i c e  r e a c t i o n  t isale  is n o t  o v e r  and  

above  t h a t  of s i m p l e  r e a c t i o n  time, t h e n  the effect c a n n o t  be 

a t t r i b u b d  t o  proqraaminq  and a n  a l t e r n a t i v e  e x p l a n a t i o n  is 

necessary, 

R e q a r d l e s s  of whether  s i m p l e  r e a c t i o n  tine is used  as a 

c o n t r o l  o r  not, choice r e a c t i o n  t i re still h a s  one i n h e r e n t  

problem, Althauqh chaice r e a c t i o n  time may be used t o  show 

psoqrataininq affects, i t  c a n n o t  Be used t o  estimate p r o q r a r m i n q  

times as several r e s e a r c h e r s  have  proposed  fe. g., Henry 6 

Roqers, 1960; R o ~ n b a u m ,  1980). C h o i c e  reaction t i m  is a 

f u n c t i o n  of d e t e c t f o n / r e c o g n i t i o n  tiae a s  well as programuinq  

tise, The l a t e n c y  times for t h e s e  p r o c e s s e s  canno* be separated 

u s i n g  a c h o i c e  r e a c t i o n  time p a r a d i g @ ,  N e v e r t h e l e s s ,  r e s e a r c h  

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

which r e q u i r e  p r e p a r a t i o n ,  It should be noted t h a t  t h e  n a j o r i t p  

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

ortoreetents, En this m n n e r ,  P i t t s s  Law [fitts, 1954) is empluved 

tu epaalize t h e  d i f f i c u l t y  of d i f f e r e n t  r e s p o n s e s ,  Pur%her ,  

r e s p o n s e s  under ~isua l  c o n t r o l  r u s t  be colapatible with the 

s t i m u l u s ,  If not, l a t e n c y  tines are confiounded by 

s t imulus -  response compatibility, 1 t is now possible t o  p roceed  

a n d  e n a ~ i n e  t h e  task p a r a m e t e r s  which i n f l u e n c e  r e s p o n s e  

p r e p a r a t i o a  i n  c h o i c e  r e a c t i o n  kiflte s i t u a t i o n s  , 



The n u a b e r  of s y l l a b l e s  t o  b e  pronounced has been observed 

to i n c r e a s e  choice reaction ti= fEr iksen  et 1970; Klapp, 

197 3,1974; Klagp e t  a l . ,  1973) . Two p r o c e s s e s  c o u l d  accoun t  fo r  

the df fferences i n  r e a c t i o n  t i a e s ;  a pe rcep tua  I - recoqn i  t i o n  

p r o c e s s  or a r e s p o n s e  p r e p a r a t i o n  p rocess .  The ef feet observed  

h a s  been a t t r i b u t e d  t o  t h e  r e s p u n s e  p r e p a r a t i o n  p r o c e s s  and not 

the p e r c e p t i o n  of t h e  s t i n t a l u s  f Johns ton ,  1975; Klapp et al,, 

1973), P e r c e p t i o n  h a s  been d i s c o u n t e d  as a plausible e x p l a n a t f  oc 

s i n c e  t h e  increases r e a c t i o n  t iae disappears when p r o n u n c i a t i o n  

i s  not deaanded, 

Hovemeat distance and target ui i i th  are probab ly  t h e  two 

task p a r a m e t e r s  t h a t  have  d r a m  t h e  aost i n t e r e s t  (Brown G 

Slates-Haamel,  1949 ; Fitts* 1954; Glencross, 1973; Klapp, 1975) , 

E a r l y  work, however, fa i led  'to ~es t r ic t  v i s i o n  and ~ o v e m e n t  tisns 

was often the dependent  s e a s u r e  (e lqm,  P i t t s *  1954)- This 

a a o u n t s  t o  a c losed- loop  s y s t e a  with t h e  dependent measure 

orrerlookinq the open-loop aspects of t h e  aovesenk, I n  t h e  

i n s t a n c e s  rheae t h i s  is not the ease, choice r e a c t i o n  ti-, 

w h i c h  reflects r e s p o n s e  p s e p a s a t i o n ,  i n c r e a s e d  ~ i t h  the p h y s i c a l  

l e n g t h  og atoreartents (Glencross ,  1973; Klapp, 1975 ; S i e q e l ,  

2977). Klapp (1975) h a s  suqqested t h a t  t h i s  r e s u l t  o n l y  h o l d s  

f o r .  s o v e r e n t s  of m i n i r a l  a c c u r a c y ,  The i n c r e a s e d  a c c u r a c y  

constraints demand feedback control for t h e  t e r m i n a t i o n  



movement, T h i s  i m p l i e s  that honq a c c u r a t e  ~ o v e f a e n t s  are n o t  

c o m p l e t e 1  y proqrammed b e f o r e  i n i t i a t i o n .  S i m i l a r 1  p, increased 

accuracy d e a a n d s  ( d e c t e a  sed  tame t u i d t h f  depaons t r a t e  c h o i c e  

r e a c t i o n  time e f f e c t s  only i n  short movetaents, In l o n g e r  

rrovetaents, o n l y  t h e  first p o r t i o n  .is proq~afalaed (Klapp, 19759, 

Once t h e  f e e d b a c k  froat the first p o r t i o n  of the moveraont h a s  

b e e n  exatained, c o r r e c t i o n s  may b e  i n i t i a t e d ,  T h e r e f o r e ,  the size 

of khe t a s q e t  d o e s  not i n f l n e n c e  r e a c t i o n  t i m e  b e c a u s e  movement 

t e r m i n a t i o n  i s  under p e r i p h e r a l  or hybrid  c o n t r o l ,  R e s u l t s  from 

similar e x p e r i m e n t s  which f a i l  t o  f i n d  c h a n g e s  i n  r e a c t i h n  t i a e  

can be a c c o u n t e d  for b y  t h e  p r e c e e d i n g  explanation {erq8, Brown 

6 Sla te r -Hamuel ,  1949; Kerf, l9?8) , 

The t e m p o r a l  duration of a moveaent  h a s  a l s o  been found  t o  

r e q u i r e  p r o q r a r n i n q  IKlapp  t Brwin, 1976; Klapp, W y a t t ,  6 Linqo, 

3974) , C h o i c e  reacticta t ilae i s  lonqer to it key  p r e s s  

r e p r e s e n t a t i v e  of Borse c o d e  ndahe9 than a *di tw {Klapp e t  al,, 

1974). Mowmen% d u r a t i o n ,  a l t h o u g h  being a s u f f i c i e n t  c o n d i t i s n  

to cause  prograamfnq, may not  be a n e c e s s a r y  c o n d i t i o n  for 

c a n s i n q  d i f f e r e n c e s  i n  p~ogramlainq ti= {Klapp E I lya t t ,  1976). 

Responses  of lonqenc t e a p o r a l  d u r a t i o n  r e l y  on feedback fqr  the 

compl.etion of the r e s p o n s e ,  Movement d u r a t i o n  t h e n ,  s h o u l d  o n l y  

r e q u i r e  praqramalainq if t h e  c o m p l e t e  r e s p o n s e  is t o  be  proqralafaed 

in advance,  

. One of the most i n t e r e s t i n g  studies, nndertaken b y  Klapp 

($977). employed a v a r i a t i o n  o f  t h e  o f  t h e  d i t - d a h  a p p r o a c h  to 



study n u s c l e  s p e c i f i c a t i o n  as a movelgeat p a r a w a t e r  r e q u i r i n q  

p r e p a s a t i o n .  Klapp had s u b j e c t s  perfora d i t - d a h  responses w i t h  

t h e  i n d e x  f i n g e r  and t h u a b ,  When t h e  r e q u i r e d  atuscle  was left 

unknown, reaction times f o r  the a i t  and dah  r e s p o n s e s  were 

e q u i v a l e n t ,  I n  t h e  lguscle known c o n d i t i o n ,  t h e  d i f f e r e n t i a l  

d i t -dah proqraeming  ef f e ~ t  was o b s e r v e d ,  f roa t h e s e  r e s u l t s ,  

Klapp f 1977) c o n c l u d e 4  that t h e  g e n e r a t i o n  o f  s p e c i f i c  a tusc le  

commands mos t  occur i n  a later s t a g e  of p r o c e s s i s q  s i n c e  

p r o q r a n a i n q  may o c c n s  vhen t h e  r e s p o n s e  amsc le  l s )  is n o t  

s p e c i f i e d ,  

T a s k s  r e g u i r i n q  a a l t i p l e  r e s p o n s e s  or t h e  s e q u e n c i n q  of 

r e s p o n s e s ,  on ly  r e c e n t l y  h a v e  been exainined fe.q, ,  Kelso, 

S o u t h a r d ,  15 Goodlgan, 1973; Klapp, 1979) A study fiy Kf app (1979) 

r e v e a l e d  t h a t  movefiteats of the left and right hands  

s i @ t u l l a a e o u s l y  were not degraded  vhen t h e y  were identical or had  

h a r m o n i c a l l y  r e l a t e d  s e q u e n c i n q  p e r i o d s ,  ~ h p t h s  or r e s p o n s e  

p a t t e s a i r a q  i s  b e l i e v e d  to  be a f u n c t h m  of psogra l aa ins  fXlapp,  

coglpa t i b i l i t y  c a n n o t  be q e n e r a t e d  i n  p a r a l l e l ,  Hence,  the 

r e s u l t i n g  i n t e r f e r e n c e  would be a t t r i b u t e d  t o  l i a i t a t i o n s  of 

r e s p o n s e  p r e p a r a t i o n  (Klapp, 1979) .  Data c o n s i s t e n t  w i t h  t h i s  
' I 

e x p e c t a t i o n  have been  r e p o r t e d  b y  Klapp and  G r e i a t  (1979) a n d  

E e l s o  et al, (1979) .  Equal m o r e a e n t s  by b o t h  bands tended to 

folXow the salge te~paral p a t t e r n  {Kelso ot a l , ,  1979). Bs a 

r e s n l t ,  a single t e a p o r a l  bass was hypothesized to c o n t r o l  the 



ntovemeat of b o t h  hands ,  The ter t lporal  s e q u e n c i n g  of r e s p o n s e s  

appeased  t o  be a n  i m p o r t a n t  c e n t r a l  p r o c e s s  i n  the s t r u c t u r i n q  

of m t o r  comlaaads (Klapp, 1979; Rosenbaum, 1980; Shaff er r 1 978) 

S e v e r a l  t a s k  p a r a ~ e t e s s  have been i d e n t i f i e d  as fac tors  

r e q w i s i n q  progralarainq t h r o u q h  a c h o i c e  r e a c t i o n  time appzoach ,  

Rosenbaum 11878) h a s  reconmended a s p e c i a l  case of t h e  c h o i c e  

r e a c t i o n  ti- t e c h n i q q e  be u s e d  for a a k i a q  i n f e r e n c e s  a b o u t  t h e  

res poase p r e p a r a t i o n  p r o c e s s ,  

B new approach  d e v e l o p e d  by Rosenbaua (1978, 1980) h a s  

eap$oyed c h o i c e  r e a c t i o n  time wi-thin a p r e c u i n g  or  a d v a n c e  

iaforlrat ir3~ c o n t e x t  (Leonard,  t958) ,  The  movement p s e c u i n q  

t e c h n i q u e  uses laovslaents t h a t  differ i n  f e a t u r e s  fe. g. , l imb,  

d i r e c t i o n ,  e x t e n t )  on o r t h o q o a a l  d i m e n s i o n s  fe,q,, l o n q  or s h a r k  

r o v e ~ e n t )  . Precues qivf nq a d v a n c e  i n f  ortna t ioa  a b o u t  some of t h e  

f e a t u r e s  t o  be p e r f o r m e d  are p r e s e b t e d  i n  a d v a n c e  of t b e  "gon o r  

e x e c u t i o n  s t i n u l u s  {see F i g u r e  31, The llqow s i q n a l .  i d e n t i f i e s  

t h e  reraininq f e a t u r e s  by s i q n a l l i n q  t h e  s q u i r e d  responge .  The 

c h o i c e  reaction t i a e  shown i n  F i g u r e  3 is  c o n s i d e r e d  t o  include 

(1) t h e  s t i n v l u s  d e t e c t i o n / r e c o q n i t i o n  ti@@; and 12) t h e  notor 

f e a t u r e  p r e p a r a t i o n  time, Thus, b y  n s i n q  d i f f e r e n t  c o a b i - n a t i o n s  

of p s e c n i n q  c o n d i t i o n s ,  t h e  time r e q u i r e d  for  e n c o d i n q  the 

s t i m u l u s  and prepar inq t h e  r e s p o n s e  Bay b e  e s t i m a t e d .  Rosenbaam 



EXPERIMENTAL TRIAL 

PC - PRECUE 
ES - EXECUTION STIMULUS 
MI -- MOVEMENT INITIATION 
MC - MOVEMENT COMPLETION 
RT - REACTION TlME 
MT - MOVEMENT TlME 

REACTION TIME COMPONENTS 

RT = STIMULUS IDENTIFICATION + RESPONSE PREPARATION 

Figure 3. A schematic representation of the movement 
precuing technique (adapted from Rosenbaum, 
1978). 

I 



(1980) h a s  s u g g e s t e d  t h a t  t h e  s t i a u l u s  i d e n t i f i c a t i o n  tiam is 

a i n i a a l  and t h e r e f  ore, d i f  f e s e r a k i a l  p r e c u i n g  ef feets a r e  

r e p r e s e n t a t i v e  of n o t o r  f e a t u r e  p r e p a r a t i o n  alone. A t r u e  

estimate of t h e  s t i a u l u s  i d e n t i f i c a t i o n  and  r e s p o n s e  p r e p a r a t i o n  

times, however, h a s  n e v e r  b e e n  c o ~ g l e t e d ,  In o r d e r  t o  c o n t r o l  

t h e  s t i m l n s  e n c o d i n g  t iae ,  Rosenbaum f 1978, 1980) e n s u r e d  that 

n o  visual s c a n n i n q  of t h e  s t i i a u l a s  array was n e c e s s a r y *  This was 

a c c o m p l i s h e d  t h r o u q h  t h e  u s e  of a L a c h i s t i s c a p e ,  E i q h t  c o l o u r e d  

d o t s ,  e a c h  o n e  def i n i a q  ,a differeaat r e s p o n s e ,  were p r e s e n t e d  

o n t o  t h e  f o v e a  and hence,  e f i a t i n a t e d  t h e  s c a n n i n q  p r o c e s s ,  The 

p e r c e p t i v e  reader say realize t h a t  t h e  a f  oreazent ioned  p r o c e d u r e  

forced a l l  r e s p o n s e s  t o  be p e r f o r a e d  w i t h o u t  v i s i o n ,  S i n c e  all. 

v l i s ion  is f o v e a l ,  t h e  sane procedures are h y p o t h e s i z e d  t o  

s i r a u l t a n e o u s l y  conit s d  f o r  s t i m u l u s - r e s p o a s e  IS-8 f 

coeapa t i b i l i t p ,  Accord inq  t o  L a c i s h  (1 980) , this i n t e r p r e t a t i o n  

is n o t  s t r i c t l y  carrect, Coloured d o t s  do n o t  r e a d i l y  s i q n a l  t h e  

s t i m u l u s  a n d  r e q u i r e d  r e s p o n s e  p .o s i t i oas .  Thus, S-R 

coatpa45.bi l i tp  is lor ,  T h e r e f o r e ,  a cofour t o  p o s i t i o n  

t r a n s l a t i o n  a u s t  b e  aade, Larish f 1980) s u q q e s t e d  t h a t  t h e  

d i f f e r e n t i a l  pfoqralnming effects a x e  'colaf ouaded b p this + 

t r a n s l a t i o n  and, aay even b e  t h e  c a u s e  of these effects, Ano the r  

probleoa which may occar as a r e s u l t  of n o n - v i s u a l l y  q u i d e d  

n o v e s e n t s  p e r t a i n s  t o  F i t t s *  Law ffitts, 1954). F i Q ; t s s  Law was 

deveelopt;d f o r  v i s u a l l y  g u i d e d  uioveatents and h a s  n e v e r  been  

tes ted  w i t h o u t  v i s i o n ,  Kerr f1978f d e l a o n s t r a t e d  that t h e  
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p r e p a r a t i o n  of a r e s p o n s e  does n o t  n e c e s s a r i l y  h a v e  t o  be 

comple t ed  b e f o r e  moveiaent i n i t i a t i o n ,  Experiilaents on r e s p o n s e  

p r o g r a a a i n q  s h o u l d  a l so  analyze movemeBt times since, s y s t e n a t i c  

c h a n g e s  sag be i n d i c a t f v e  of i n c o a g l e t e  r e s p o n s e  p r e p a r a t i o n  

d n r i n q  t h e  r e a c t i o n  time. The ref ore, the r e l a t i o n s h i p  between 

movement tiee (m) a n d  t h e  i n d e x  of dif f i cu l - ty  a s  o u t l i n e d  by 

P i t t s  (1951) a u s t  be examined w i t h o u t  v i s i o n ,  Then, a t o t a l  

e x a n i n a t i o n  of the response p r e p a r a t i o n  p z o c e s s  Ray c o n t i n u e .  

This problem, i n  fact, #,as a d d r e s s e d  by RoseWaula (1980) i n  h i s  

t h e o r e t i c a l  review. Eis discussion leads t o  c o n s i d e r a t i o a  of  t h e  

fac t  t h a t  a n  u n d e s s t a n d h g  of t h e  r e l a t i o n s h i p  between noveittent 

time and t a s k  d i f f i c u l - t y  i s  n e c e s s a r y  to Beparake p r o g r a m e d  

~ m t r o l  f r o a  c l o s e d - l o o p  c o n t r o l ,  B l t  houqh som p r o b l e a s  iaia y 

exist i n  terms of compatibility a n d  P i t t s *  Law r e l a t i o n s h i p s ,  

there are a d v a n t a g e s  t o  t h i s  approach ,  Accord inq lp ,  some of t h e  

q u e s t i o n s  which Bay be a d d r e s s e d  are: 

1 )  Does i t  t a k e  d i f f e r e n t  a m o u n t s  of t i a e  t o  prepare 

e a c h  of t h e  movement f e a t u r e s  direction, 

e x t e n t )  ? 

2 )  Are p r o g r a ~ a i n g  t i ~ e s  identical f o r  d i f f e r e n t  v a l u e s  

of a feature? 

3) 1s t h e  p r e p a r a t i o n  of one feature d e p e n d e n t  on 

a n o t h e r  f e a t u r e ?  , 

4 )  Are t h e  f e a t u r e s  p r e p a r e d  in a strict o r d e r ?  

5) Is t h e  programming of s e v e r a l  f e a t u r e s  pe r fo rmed  i n  



a p a r a l l e l  or s e r i a l  manner? 

S t i l l ,  s t i m u l u s  i d e n t i f i c a t i o n  t i a e  c a n n o t  be o v e r l o o k e d  s i n c e  

it d o e s  c o n t r i b u t e  t o  t h e  o v e r a l l  r e a c t i o n  tiase. A new 

t h e o r e t i c a l  approach which w i l l  d i f f e r e n t i a t e  t h e s e  two is 

needed. Even so, t h e  r e s u l t s  frola t h e  naovelgent p r e c u i n q  

t e c h n i q u e  d o  compare  f a v o r a b l y  w i t h  t h a t  of c h o i c e  r e a c t i o n  t i a e  

R e s e a r c h  on r e s p o n s e  pre p a r a t i o m  v i a  t h e  ntoveaen t prec u inq  

t e c h n i q u e  h a s  concentra%:,pd o n  the proqrantaainq of l i iab, 

d i r e c t i o n ,  and  e x t e n t  of f o r t h c o a i n q  raoveraenb, B r i e f l y ,  t h e  

d a t a  h a s  c o i n c i d e d  w e l l  w i t h  t h a t  of c h o i c e  r e a c t i o n  tiae 

r e s e a r c h  as a11 of t h e s e  f e a t u r e s  have  been  found  t o  r e q u i r e  

p r e p a r a t i  on fftosrtnbanat, 1978, 1930) . I n  a d d r t i o n  , p r e p a r a t i o n  

tirnes were l o n g e s t  fo r  arra, s h o r t e r  for d i r e c t i o n ,  an& shortest 

for  e x t e n t  fRosenbaua,  1978, 1980).  Wi th  the a d d e d  c o n t r o l  for 

v i s u a l  s can r t i nq  a n d  s t i m u l u s -  r e s p o n s e  c o a t p a t i b i l i  ty* t h e  

aooement pxecuinq procedure would appear t o  be the optirual 

t e c h n i q u e  * 

Since bo th  t h e  choice r e a c t i o n  tine and  t h e  a o v e a e a t  

precuinq a p p r o a c h  have f a i l e d  t o  separate t h e  sti lgulus e ~ l c o i t i n q  

t i m  from t h e  r e s p o n s e  p r e p a r a t i o n  t i m e ,  a task which isolates 

t h e s e  times would b e  p r e f e r r e d .  Throuqh c a r e f u l  i n s p e c t i o n  of 

t h e  a s s u ~ p t i o n s  a s s o c i a t e d  w i t h  t h e  atovement prec uinq t e c h n i q u e ,  

t h e s e  two p r o c e s s e s  c a n  be d i f f e r e n t i a t e d ,  T h i s  new a p p r o a c h  h a s  

combined t h e  i d e a s  of choice r e a c t i o n  t i m  a n d  p r e c u i n q  i n t o  a 
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s i n q l e  e rper iaaent .  f n  so do ing ,  t h e  new t e c h n i q u e ,  while 

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

p r e p a s a t i o n  time, w i l l  p r o v i d e  c o n o e r q i n q  e v i d e n c e  for  

proqralaied ~aotor control. 

Busenbaam f1980f has  i d e n t i f i e d  f i v e  c o n d i t i o n s  which must 

be aet if s o v e a e n t  p r e c u i n q  i s  t o  be s u c c e s s f u l *  These 

c o n d i t i o a s  nay  fie s n a a a r i z e d  as: 

1)  the f e a t u r e s  mast d i f f e r e n t i a t e  g o s s i b 1 ~  moveaaents; 

21 t h e  d i a e n s i q n s  on which t h e  ~ o v e m e n t s  d i f fe r  a u s t  be  

p s y c h o l o q i c a l l y  r e l e v a n t  t o  t h e  c o n t r o l  of movement ; 

3) t h e  possible movements mst b e  d i s c r i a i n a b l e ;  

$)  s u b j e c t s  mast n o t  p r e p a r e  m u l t i p l e  r e s p o n s e s  b a s e d  

on t h e  precued i n f a r ~ a t i o n  and, 

5 )  a% l eas t  one f e a t u r e  past be p r e p a r e d  d u r i n g  t h e  

r e a c t i o n  time. 

Piqure 4 is a s c h e a a t i c  r e p r e s e n t a t i o n  of t h e  hew e x p e r i n s n t a l  

approach ,  I n  t h i s  technique, a moveaent which d i f f e r s  i n  t e ras  

of two f e a t u r e s  (as d e f i n e d  by  Rosenbaaa, 1978) on tuo 

o r t h o > o n a l  d imens icms  i s  r e q u i r e d ,  The first raeasure  t a k e n  is 

cboice r e a c t i o n  t h e  where no precws are  given. This measure  

contains the s t i i u l n s  identification t i n e  and t h e  r e s p o n s e  

p r e p a r a t i o n  t i n e  for both f e a t u r e s ,  I n  t h e  n e x t  s t e p ,  f e a t u r e  A 

is precued  b e f o r e  the e x e c u t i o n  s t i t a t a lu s  i d e n t i f y i n q  t h e  
4 

- required r e s p o n s e ,  T h e  reackion t i n e  f o l l o v i a g  t h e  e x e c u t i o n  

s t i a u X u s  i s  a f u n c t i o n  of t h e  s t i s u f u s  i d e n t i f i c a t i o n  t i a m  and 



t h e  r e s p o n s e  p r e p a r a t i o n  t i a e  for f e a t u r e  B, I f  t h e  t e m p o r a l  

d u r a t i o n  between t h e  A- p r e c u e  and  t h e  e x e c u t i o n  s t i n u l  u s  is 

d e c r e a s e d ,  t h e  b e n e f i t  d e r i v e d  froni t h e  p recue  w i l l  e v e n t u a l l y  

d i s s i p a t e  a n d  e q u a l  t h e  no p r e c u e  case, T h e  time between the 

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

s t i m u l u s  i d e n t i f i ~ a t i o n  p r o c e s s  for f e a t u r e  A, F i q u r e  75 is a 

s c h e a a t i c  r e p r e s e n t a t i o n  o f  t h e  h y p o t h e s i z e d  r e a c t i o n  tiae c u r v e  

for  v a s y i n q  p r e c u e  d u r a t i o n s ,  I•’ t h e  s a a e  p r o c e s s  is r e p e a t e d  

when f e a t u r e  B is precued ,  t h e  s t i m u l u s  encodf  nq tiate f o r  

f e a t u r e  B can  be estiraatied,  Response  p r e p a r a k i o n  tiaaes fo r  e a c h  

f e a t u r e  can be c a l c u l a t e d  b y  s u b t r a c t i n g  t h e  i a e n t i f i c a t i o n  t i n e  

fro@ t h e  a p p r o p r i a t e  p r e p a r a t i o n  p l u s  i d e n t i f i c a t i o n  t i a e  (see 

F i q u r e  4). 

The perceptive r e a d e r  aay r e c o g n i z e  t h i s  s i m p l e  d i f f e r e n c e  

a s  t h e  Subtraction Hethod f irst  einployed by Doaae f s  f1869) .  

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

s i a i l a r  t a s k s  t h a t  r e q u i r e d  d i f f e r e n t  a % o u n t s  of p r o c e s s i a q ,  The 

duration of e a c h  s n c c e s s i v e  p r o c e s s i n g  s t a g e  was c a l c u l a t e d  b y  

s n b t s a c t i a q  t h e  t i a e  r e g u i r e d  for t h e  p r e c e e d i n q  s tacres ,  

Althouqh S h i s  t e c h n i q u e  was p o p u l a r  i n  t h e  e a r l y  1900*s, s e v e r a l  

c r i t i c i s~s  c r e a t e d  a l o s s  of interest i n  t h i s  a e t h o d  as a d e v i c e  

for t h e  i n s p e c t i o n  of naental p r o c e s s e s .  PachelZa (1374) has 

written a n  e x c e l l e n t  review of t h e  c r i t i c i s a s  and ,  a s  s u c h ,  o n l y  

a b r i e f  d i s c u s s i o n  is p rov ided  h e r e ,  



1 1 . I . 
PRECUE DURATION (mssc) 

' F igu re  5 .  Hypo thes i zed  r e a c t i o n  t i m e  c u r v e  f o r  d e c r e a s i n g  
p r e c u e  d u r a t i o n s .  
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F i r s t ,  both t h e  e x p e r i m e n t a l  and  c o m p a r i s o n  t a s k  need  to  be 

sfmifar a n d  comparable ,  T h a t  is, a11 p r o c e s s e s  i n  t h e  

e x p e r i m e n t a l  t a s k  must  be i d e n t i c a l  t o  t h e  compar i son  t a s k  

e x c e p t  for t h e  p r o c e s s i n q  s t a g e  of i n t e r e s t ,  H e r e i n ,  t h e  p r o b l e ~  

may b e  l o c a t e d .  There is n o  g u a r a n t e e  t h a t  t h e  a d d i t i o n a l  

p r o c e s s i n g  s t a q e  r i l l  not affect  t h e  o t h e r  s t a g e s  r e q u i r e d  t o  

c o a t p l e t e  t h e  t a s k .  I lccord inqly ,  t h e  t a s k s  cannot be c o n s i d e r e d  

as c o a p a r a b l e ,  S te r r sbeaq  ( t 9 6 9 f  upon s e e i n g  the b e n e f i t s  of 

staqe a n a l y s i s  mod i f i ed  ,Danders l ~ e t h o d o l o q y  and  i n t r o d u c e d  t h e  

B d d i t i v e - f a c t o r  f fe thod.  Xnstead of c h a n g i n g  t h e  n u a b e r  o f  s t a q e s  

i n  e x p e r i m e n t a f  - tasks,  S t e m t r e r q  f 19691 a l t t e ~ a p t e d  to  alter t h e  

amonnt  of p m c e s s i n q  o r  number of o p e r a t i o n s  within a s t a q e .  

This a o d i f i c a t i o n  s t i l l  f a i l s  to corrects t h e  najox: c r i t i c i s a  of 

the S u b t r a c t i o n  Method ; naacely, e h a n q i n g  the p r o c e s s i n q  w i t h i n  a 

s t a g e  map c h a n g e  the p r o c e s s i n q  of other s t a g e s ,  Aqaia, t a s k s  

a re  n& comparable ,  

B s e c o n d  criticisat sf 'the Subit - ract ion Hethod i s  b a s e d  oa 

t h e  under l y i n g  assuntpt  i o n s  of i n f  orma t i o n - p r o c e s s i n q  models  and 

r e s e a r c h  ( P a c h e l l a ,  19741. X t  is i a p o s s i b l e  t o  d e v i s e  

e x p e r i m e n t a l  t a s k s  for coraparisona wi thoak  knowinq what tke 

s e g m n c e  of menta l  e v e n t s  are and  i f  t h e y  a c t u a l l y  e x i s t ,  

P e r h a p s  t h i s  crit icis~t was v a l i d  when Donder s f irst  inventeia the 

S u b t r a c k i o n  Bethod bu t ,  it would seea t o  fail now, Presently, 

there are s e v e r a l  i n f o r s a t L o n - p r o c e s s i n q  models  w i t h  e l i l p i r i c a l  

e v i d e n c e  s u p p o r t i n q  t h e  e x i s t e n c e  of s e v e r a l  processiaq s t a g e s ,  



One ef t h e  best e x a m p l e s  is t h e  i n f o c a a t i o n - p r o c e s s i n q  aodel 

d e v e l o p e d  by Theios (1 9 7 5 ) .  

T h e i o s  111 975) h a s  p r e s e n t e d  f i v e  i n d e p e n d e n t  p r o c e s s i n q  

staqes, I n p n t  and s t i m u l u s  i d e n t i f i c a t i o n  a r e  t h e  perceptual 

p r o c e s s e s  which d e t e c t  and recoq~ize t h e  s t i m u l u s ,  Response  

d e t e r m i n a t i o n  is t h e  p r o c e s s i n g  s t a q e  w h e r e  a n  a p p r o p r i a t e  

r e s p o n s e  c o d e  is s e l e c t e d  from t h e  i d e n t i f i e d  s t i m u l u s .  If  t h e  

s t i m u l u s  a n d  r e s p o n s e  are h i q h l y  c o m p a t i b l e  or h i q h l y  p r a c t i c e d ,  

the t i l e  n e c e s s a r y  t o  d a t e r a i n e  t h e  r e s p o n s e  is necj f iq ib le  

CTheios, l 9 7 • ˜ ) ,  f n  c o n t r a s t ,  when S-8 c o m p a t i b i l i t y  is  low, t h e  

t i n e  r e q u i r e d  t o  d e t e r m i n e  t h e  r e s p o n s e  code is  i n c r e a s e d ,  In 

this case, a s t i a u 1 u s -  respozlse  t r a n s f  ormatf on or t r a n s l a  t i o n  

eraenas t h e  time n e c e s a r y  t o  c o m p l e t e  r e s p o n s e  d e k e s m i n a t i o n  

( i e k h n e r  E Krebs, 39?4), As ment ioned  p r e v i o u s l y ,  t h e  3-8 

c o t l l p a t i b i l i t y  i n  the p r e c u i n q  a p p r o a c h  of Rosenbaum ( 3  980) may 

have  been low, B colour: t o  p o s i t i o n  t r a n s l a t i o n  n a y  h a v e  

confonnded  the  aotoh programae  cons . . t ruc t ion  r e s u l t s  ( L a r i s h  9 

1980), Once t h e  r e s p o n s e  c o d e  h a s  been  d e t e r a i a e d ,  t h e  r e s p o n s e  

programme i s  s e l e c t e d  and e x e c u t e d ,  The e v i d e n c e  p r e s e n t e d  by 

T h e i o s  f1975) for e a c h  of these p r o c o s s i n q  stages has  been used 

for s i n i l a r  m d e l s  (e. q. P e l f  ord, 1976; t l a r t en iuk  , 1976) , Thus,  

the a e a t a l  e v e n t s  be tween  t h e  a p p e a r a n c e  of a s t i a u l u s  a n d  t h e  

e x e c u t i o n  of a r e s p o n s e  now appear t o  be d o c u ~ e a t e d ,  

a c c o r d i n q l p ,  how does t h e  p r o c e s s i n q  of i n f o r m a t i o n  o c c u r ?  I f  

s t i m l u s  i d e n t i f i c a t i o a  a n d  r e s p o n s e  p r e p a r a t i o n  axe n o t  s e r i a l  

3 8  



T u r r e y  if1973f s u g q e s t e d  t i t P a t  t h e  sequence of e v e n t s  bet@ 

s t i m u l u s  o n s e t  and r e s p o n s e  output say b e  p a r t i a l l y  o v e r  

I n  the i n f o r m a t i o n -  p r o c e s s i n g  approach ,  however, v a r i o u s  

of analyses are perfor taed on t h e  i n f o r m a t i o n  t h a t  p a s s e s  t 

t h e  n e r v o u s  s y s t e e ,  T h e  o p e r a t i o n s  performed a t  e a c h  s u c c e s  

stage are dependen-t; 9n t h e  output from the p r e x i o u s  one 4 

19753, The s t a g e s  t h e n ,  need t o  be ser ia l  i n  nature (?!heios 

1975; ~ h e i o s  G gaiter, 1974) ,  It is sti.13 p o s s i b l e  thouqh,  

the p r o c e s s i n g  w i t h i n  a s t a q e  say be p a r a l l e l .  The r e s e a r c h  

S t e r n b e r g  (1969) on p r o c e s s i n q  w i t h i n  a s t a q e  h a s  proved to 

sefiaL C o a s e g u e a t l y ,  t h i s  new a p p r o a c h  i s  based on the 

tay p o t h e s i s  t h a t  i n f o r m a t i o n  i s  p r o ~ e s s e d  s e r i a l l y ,  T h i s  

a s s a a p t i o n  w i l l .  be i n d i r e c t l y  tested b g  t h e  t e c h n i q u e  p roposed  

%o i s o l a t e  programminq t iee,  The p o s i t i o n ,  a lbe i t  d e f a u l t  i n  

n a t u r e ,  taken h e r e  is t h a t  c a l c u l a t i o n s  ( s u b t s a c t i  ons) r e s u l t i a q  

i n  p o s i t i v e  tilnes d o e s  not n e g a t e  t h e  serial or p a r a l l e l  

p r o c e s s i n q  n o t i o n s ,  On t h e  o t h e r  hand, n e q a t i v e  times would 

a r g n o  f o r  soae t y p e  of p a r a l l e l  g r o c e s s i n q ,  

"Ilhe new a p p r o a c h  for estilnation t h e  proqsaiaainq time far 

v a r i o u s  f e a t u r e s  of ar azoveaaent is n o t  s u b j e c t  t o  t h e  c r i t ic is r~s  

of t h e  S u b t r a c t i o n  Betbod, The n u a b e r  of processiang s t a q e s  d o e s  

not chanqe for any of t h e  c o n d i t i o n s .  S i m i l a r l y ,  "the number of 

o p e r a t i o n s  w i t h i n  a stage also  r e m a i n s  t h e  saae, Since t h e  

p r o c e s s i n q  s t a q e s  between t h e  o n s e t  of a  s t i a o l u s  and the 



e x e c u t i o n  of a response are knoun, the subtraction of the 

corzespon&inq tiles should b e  con sf d e r d  tenable, Wevertheless, 

consistent and conrerginq research is necessary  i n  t h e  future, 



Sewera l r e s e a r c h  t e c h n i q u e s  have been developed to. stud g 

t h e  o p e r a t i o a  of  the aaotor proqramne c o n s t r u c t i o n  process ,  The 

three b e h a t i o u r a l  \ approaches  (i ,el ,  s i m p l e  r e a c t i o n  t i  me, choice 

r e a c t i o n  ti ae, and aoseaasnt p recu ing)  entpfoyed i n  t h e  study of 

t h i s  process, have a l l  f a i l e d  t o  s e p a r a t e  resparase p r e p a r a t i o n  

t i a a  fro& s t i m l a s  i d e n t i f i c a t i o n  time, Bs such, t h e  r e a c t i o n  

t i n e  measures aay  he con-taninated by non-motor f a c t o r s  (e,q,, 

s t ia ru lus-xesponse  t r ans la - t ioa ,  s t i ~ u f u s  idhat i f  i c a t i o n )  , 

Clearly, any c o n c l u s i o n  drawn from e r p e r i m m t a t i o n  on the 

response p r e p a r a t i o n  p r o c e s s  r e q u i r e s  f u r t h e r  e x a a i n a t i o a *  The 

present i n v r z s t i q a t i m  atteatpts t o  overcome these  and okBer 

problems th rough  the developraent of a new t h e o r e t i c a l .  approach,  

Zn t h i s  Banner, t h e  motor proqraamlge c o n s t r u c t i o n  cmponen.k stay 

be s e p a r a t e d  droa the s t i a u l u s  identification c o a p a n e n t  

c o s t a i a e d  i n  reaction tile, 

A s  a e n t i a n e d  p r e v i o n s l p ,  r e s p o n s e  p r o g r a a a i  nq aay n o t  be 

completed d u r i n q  t h e  reaction tiae (Kerr, 3 9 7 8 ) .  If this- is Zba 

case, r e s p o n s e  programing research cannot b e  fully e x p l a i n e d  

w i t h o u t  a n  a n a l y s i s  of aove~aent t ims,  Since t h e  p r e c u i n q  

approach n e c e s s i t a t e d  that r e s p o n s e s  be performed without  v i s u a l  

feedback, Experiraent 't was des igned  t o  de te rmine  if P i t t s *  Law 

( F i t t s ,  19%; Fitts E Peterson, 1964) relaained unchanged f o r  



move iea t s  wi thou t  v i s u a l  quidance .  F i t t s '  Law s t a t e s  t h a t  the 

moreaent  t i a e  a s s o c i a t e d  vith a r e s p o n s e  is r e l a k e d  t o  t h e  

d i s t a n c e  laoved ( A )  and t h e  tarqet width {W), I f  t h e  

r s l a t i o n s b i p s  d e s i q n a t e d  by F i t t s w  Law r e a a i n ,  aoveaent t h e  

s i l l  be p r o p o r t i o n a l  t o  t h e  d i s t a n c e  roved and i n v e r s e l y  

p r o p o r t i o n a l  t o  t h e  t a r q e t  width.  Horeover,  c h a n q e s  i n  sovement 

a m p l i t u d e  an? t a r g e t  wid th ,  which e x a c t l y  comapenstate for each 

o t h e r ,  s h o u l d  produce  no c h a n q e  i n  movement time, The  i n d e x  of 

d i f f i c u l t y  ( I D )  f o r  a n y  r o r e a e n t  is  d e f i n e d  a s  l o q  2&/W. & 

l i n e a r  c o r r e l a t i o n  between movement t h e  and fD s h o u l d  be found  

i f  F i t t s *  Law holds for movements w i t h o u t  v i s i o n .  Thus, a 

r e c i p r o c a l  tapping task ( s e e  F i t t s ,  19591 w i l l  be performed over 

three d i f f e r e n t  i n d x c e s  o f  d i f f i c u l t y .  Hovelaeat times s h o u l d  

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

Once t h e  HT and  I D  r e l a t i o n s h i p  is kaoan, t h e  r e s p o n s e  

p r e p a r a t i o n  p r o c e s s  aa y be s t u d i e d  and e v a l u a t e d ,  Exper iment  2 

s y s t e a a t i c a l l y  varied t h e  precue d u r a t i o n  ( f o r e p e r i o d )  u n d e r  t h e  

g r e c u i n q  paradiqla o f  Elosenbaun (1 480) , The f e a t u r e s  d i r e c t i o n  

and extent will be a a n i p a l a t e d  a c c o r d i n g  to  the r a t i o n a l e  

deve loped  i n  P i q u r e  rt, B r e s p o n s e  programainq a n a l y s i s  of t h e  

r e a c t i o n  t i e s  is h y p o t h e s i z e d  t o  r e v e a l  a d i f f e r e n t i a l  

p r e p a r a t i o n  e f f e c t  between f e a t u r e s ,  The r e a c t i o n  t i ~ e s  for t h e  

p r e p a r a t i o n  o f  e x t e n t  s h o u l d  be  less t h a n  the r e a c t i o n  t i aes  f o r  

the prograranaing of d i r e c t i o n  (Rosenbaun, t98O), I f  a l i n e a r  

r e l a t i o n s h i p  between HT and I D  is d i s c e r a s d  i n  Exper iment  1, 



s e v e r a l  r e s u l t s  s h o u l d  be e x p e c t e d  i n  a movement time a n a l y s i s ,  

X a t i t i a l l p ,  no d i f  f e r e n c e  i n  MT i s  e x p e c t e d  f o r  r e s p o n s e s  Ito 

t a r q e t s  of e q u a l  d i f f i c u l t y  r e q a r d l e s s  of c o n d i t i o n *  I f  a 

d g f f e r e n c e  is noted ,  this would suqqest the r e s p o n s e  i s  n a t  

t o t a l l y  prepared d a r i n g  t h e  r e a c t i o n  tine, I n  a d d i t i o n ,  

r e s p o n s e s  t o  targets of d i f f e r e n t  d i f f  k u l t y  are n o t  expected t o  

h a v e  i d e n t i c a l  rnvesaent times, This a q a i n  would s i q n a l  

i a c a  p l e t e '  r e s p o n s e  p t epa ra - t ion ,  P i n a l l y ,  i f  p r o c e s s i n q  is 

serial a s  proposed by T h e i o s  (1975),  manipu+t ion  of d i r e c t i o n  

and e x t e n t  p a r a n e t s r s  s h o u l d  separate tho s t i e r u l n s  

i d e n t f  f i c a t i o n  t i n e  f foa the response preparation time, This 

d i s t i n c t i o n  w i l l  p r o v i d e  an a d d i t i o a a  l u n d e r s t a n d i n g  o f  

programaed motor c o n t r o l  as t h e  r e l a t i v e  c o n t r i b u t i o n  of e a c h  

process t o  t h e  BT w i l l  LLe r e v e a l e d ,  



Hoveaent  t i@e has  been r e p e a t e d l y  d e f i n e d  a s  the time froa 

the -beipinninq t o  the end of a r e s p o n s e ,  ?he factors a f f e c t i n q  

atorresent time, however, have  not been s o  e a s i l y  u n d e r s t o a d ,  Host 

p e a p ~ d  would assame t h a t  aaoveoaent time is j u s t  a f u n c t i o n  o f  t h e  

4f s k a a c e  t r a v e l l a d ,  F i t t s  f 1954) d e m n s t r a t e d  t h a t  WvesenZ t h e  

is also a f u n c t i o n  of t h e  r e g l l i r e d  t e r n i n a l  a c c u r a c y  , Xn 

g e n e r a l ,  a o o e a e n t  tiae is deno ted  by the f o l l o n i n q  e q u a t i o n  

c a l l e d  i%tts8 Law: 

ffT = a + b l o g Z  ZA/@ or LIT = a b(ID)  

where, a and B are m n s k a n t s ,  B is the a o v e a e n t  a a p x i t u d e  o r  

d i s t a n c e ,  S is t h e  t a rge t  width, and ID is t h e  index o f  

d i f f i c u l t  p. Fro@ t h i s  !atheteatical  rela t i o n s h i p ,  t h e  averaqe 

movemnt  t i ee  for any  given r e s p o n s e  s h o u l d  r e m a i n  c o n s t a n t  as 

l o a q  a s  t h e  i n d e x  of d i f f i c u l t y  r e a a i n s  c o n s t a n t .  Resea rch  has  

conf i rmed  t h a t  t h i s  relatEonship h o l d s  f o r  b o t h  d i s c r e t e  and 

r e p e t i t i v e  s e l f - p a c e d  tasks (e,q., F i t t s ,  195U; F i t t s  & 

P e t e r s o n ,  1964; Keel@ E Posnaer, 1968) Since Fitts-aars 

d e s c r i b e s  c h a n g e s  i n  aoveraent t i ~ e  v e r y  sell, how raiqht it be 

e x p l a i n e d ?  

The aosS f r e q u e n t  e x p l a n a t i o n  is i n  t e r a s  o f  f eedback  

p r o c e s s i a q .  when a p e r s o n  i s  moving t o w a r d  a t a r q e t ,  d e v i a t i o n s  

of t h e  hand can be d e t e c t e d  a n d  c o r r e c t e d ,  The f a r t h e r  t h e  



d i s t a n c e  or t h e  n a r r o w e r  t h e  t a r g e t ,  the triore c o r r e c t i o n s  needed  

(Kede 6 P o s n e r ,  t 3 5 8 )  . Consequen t ly ,  i n c r e a s e d  a o v e w n t  tigtos 

are a f u n c t i o n  of t h e  number of c o r r e c t i o n s  t h a t  are requires, 

On t h e s e  g rounds ,  the p r o c e s s i n g  of visual f e e d b a c k  a p p e a r s  t o  

be  a priae d e t e r m i n e r  of a o v e n e n t  t iae ,  

On t h e  o t h e r  hand,  what  i f  v i s u a l  feedback i s  u n a v a i l a b l e  

for p r o c e s s i n g ,  Does , F i t t s *  Law r ema in  uncbanqed when 

c o r r e c t i o n s  c a n n o t  be a a d e  t h r o n q h  v i s i o n ?  I f  so, then rshat 

processes de t e rea ine  t h e  ,function? These  q u e s t i o n s  d e v e l o p e d  a s  a 

result of t h e  p r o c e d u r e s  employed in t h e  movement pr lscuing 

t e c h n i q u e  of Bosenbanm f 1978, 1980) . Since ~ o v e r ~ e n t  time &a y 

s i q n a l  iacomp1eXe r e s p o n s e  p r e p a r a t i o n  i n  the r e a c t i o a  t i a e  

(Kerr, 9978; B o s e n b a n ~ ,  1980) , the e x p e c t e d  r e l a t i o n s h i p  t o  I D  

must be known for an ove ra l l .  i n t e r p r e t a t i o n  of r e s p o n s e  

proqramntinq. The  nta jor objective of the p r e s e n t  e x p e r i ~ ~ t e n t  was 

t o  d e t e r m i n e  i f  F i t t s *  Law e x p l a i n e d  s y s t e m a t i c  chanqes  i n  

movement t h e  when v i s i o n  is reaoved .  T h i s  kaowledqe w i l l  a l l o w  

t h e  t h e o r e t i c a l  iap l i cat ions  of a o v e a e a t  t i re  t o  be f u l l y  

u n d e r s t o o d  in Expesintent 2,  'If t h e  same r e l a t i o n s h i p  holds f o r  

non-visual1 p g u i d e d  mo oemeats,  a s i q n i f  i c a n t  l i n e a r  c o r r e l a t i o n  

be tween  HT anad I D  is  a n t i c i p a t e d ,  



SXLbiesar Fline Sirtlon fraser U n i v e r s i t y  s t u d e n t s  (%=wale: 

?=Eemalej , ~alrnqinq i n  age f r o a  21 t o  25, v o l u n t e e r e d  t o  

p a r t i c i p a t e  i n  the e x p e r i m e n t ,  A l l  s u b j e c t s  were r i g h t - h a n d e d  

and t a s k  n a i v e ,  

~ a ~ j ; ~ ~ a  The a p p a r a t u s  was co~taposed of a r e s p o n s e  p a n e l ,  

a c o u n t a r / t i m e r ,  and  a f i v e  volt power s u p p l y ,  Tbc r e s p o n s e  

p a n e l  125 r 32.5 cla) c o n ~ i s k e d  of a p l a s t i c  b a s e  wi th  an  

a l n a i n u a  p l a t e  m u n t e d  on tog. Three pairs  of tarqets, 

p r e v i o u s l y  punched from t h e  p l a t e ,  were also mounted on t h e  

p l a s t i c  b a s e  (see F i g u r e  51, eiovemlenk a m p l i t u d e s  and tarqet 

widths are p r e s e n t e d  i n  P i q u r e  5. One e l e c t r o n i c  switch for eac.h 

tarqet was aoun ted  on t h e  u n d e r s i d e  of the plastic b a s e ,  In 

addition, a s e v e n t h  electrolnic swikh was attached t+ the b a s e  

alnlftinaum p f a t e ,  A f i w  ~olt electrical c u r r e n t  was passed 

t h r o u q h  t h e  s u b j e c t ' s  body try aaeans of a s u r f a c e  d e c k r o d e .  

Whenever t h e  subject's i n d e x  f i n g e r  c o n t a c t e d  a tarqet or  t h e  

a l u d n u l a  base, a " i i t m  was r e c a r d e d  o n  t h e  c o u n t e r ,  The to ta l  

nulabex o f  h i t s  a s  w a l l  a s  t h e  n u ~ b e r  of errors was r e c o r d e d  f o r  

any one t r i a l ,  The s u b j e c t s  view of the response p a n e l  f o r  a l l  

t r i a l s  was removed by Beans of a b l i n d f o l d ,  
* -met Upon e n t e r i n g  t h e  t e s t i n q  area, e a c h  s u b j e c t  was 

s e a k e d  a t  t h e  aidline of t h e  mvement ranqe, B e f o r e  t e s t i n q  

beqan, s u b j e c t s  sere g i v e n  a brief e x p l a n a t i o n  o f  t h e  r e c i p r o c a l  



Figure 6. A pictorial representation of the response 
panel in Experiment 1 (all measurements are in mm) . 



t a p p i a q  t a s k  fsee Fitts, 1954),  S u b j e c t s  were i n s t r u c t e d  t o  move 

as  f a s t  a s  p o s s i b l e  while a l t e r n a t e l y  t a p p i n q  the tolo tarsets,  

813. s u b j e c t s  were also i a f o r n e d  t o  ltlove a t  a s p e e d  where t h e y  

would n o t  produce errors, On any  one  t r i a l ,  t h e  total number of 

t a p s  between t a r g e t s  was r e c o r d e d  a l o a q  with t h e  total, n u ~ a b e r  of 

misses, If t h e  erros rate for a n y  one t r ia l .  was q r e a t e r  t h a n  

1074, t h e  t r i a l  was r e p e a t e d .  A t e n  minu te  p r a c t i c e  s e s s i o n  

p receeded  t h e  t e s t i n q  of each XD c o n d i t i o n ,  I n  t h e  first h a l f  of 

a l l  practice s e s s k o n s ,  tapping was perfor iued with t h e  a i d  of 

v i s i o n .  After t h e  subject had l e a r n e d  the b a s k  e x p e r i m e n t a l  

r e q u i r e m e n t s ,  v i s i o n  was removed fog t h e  r e m a i n d e r  of the 
/ 

p r a e i c e  s e s s i o n ,  W bile p r a c t i c i n q  v i t h o n t  v i s u a l  f eedback ,  the 

e x p e r i ~ e n t e r  p r o v i d e d  v e r b a l  f eedback  t o  h e l p  s a i n t a t i n  rtloveinent 

accuracy ,  & series of f i f t e e n  trials, each t r i a l  fseinq 30 sec i n  

d u r a t i o n ,  we= a d a i n i s t e r e d  f o l l o w i n g  a l l  p r a c t i c e  s e s s i o n s ,  

T r i a l s  o n e  throuqh f i v e  were d e s i g n a t e d  a s  learniaq t r i a l s  i n  

which s u b j e c t s  uonld d i s c o v e r  t h e i r  ~ a x i m n a  work rake. Finally, 

t h e  I D  factor was couna:erbaPanced a c r o s s  subjects 'to p r e v e n t  an 

o r d e r  effect, 

&sign &&g&1ysesi T h e  e x p e r i m e n t a l  d e s i q n  was a w i t h i n  

subjects design. 811 s u b j e c t s  comple ted  15 t r i a l s  i n  three 

d i f f e r e n t  f D c o n d i t i o n s  (2.9, 3.11, and  3,32 bits), A r e g r e s s i o n  

equation was deve loped  t o  d e t e s n i  n e  i f  t h e  r e l a t i o n s h i p  b e t  ween 

iaovenent  tinte and XP was l i n e a r ,  The c o r r e l a t i o n  c o e f f i c i e n t  was - 

t e s t e d  for stat is t ical  s i q n i f  i c a n c e  and ,  t h e  error of p r e d i c t i o n  



was c a l c u l a t e d ,  The na r row r a n g e  of  I D  was s e l e c t e d  b e c a u s e  it 

c l o s e l y  a p p r o x i m a t e d  t h e  diff i c n l t  y l e v e l s  e m p l o ~ e d  by Bosenbaum 

(1980). T h i s  would p r o v i d e  an  o p t i m a l  u n d e r s t a n d i n q  o f  t h e  82-SD 

r e l a t i o n s h i p  for t h e  p r o q r a a ~ i n q  a n a l y s i s  i n  ~ x p e r i a e n t  2. 

&sW&g aa& EisSa~aha  

The faean a o v e a e n t  tims for  t h e  l e a r n i n q  t r i a l s  and t e s t  

t r ials  are p r e s e n t e d  i n  Sable 2, The a s s o c i a t e d  error rates may 

be found i n  Appendix &-I ,  The fniqhest error ra te  (5.4%) for t h e  

test t r i a l s  o c c u r e d  i n  l a rges t  I D  c o n d i t i o n ,  Thus  a c c u r a c y  was 

n o t  t r a d e d - o f  f for speed ,  The r e l a t i o n s h i p  between aovement t i a e  

a n d  I D  was d e t e m i n e d  t h r o u g h  a P e a r s o n  p r o d u c t  aoaen* 

c o r r e l a t i o n .  s t a t i s t i c a l l y  s i q n i f  i e a n t  c o r r e l a t i o n  f r=.72Y) 

was de te ra r ined ,  2 ( 2 5 )  =5,24, p < . 0 5 .  P a r a l l e l i n q  t h e  a n a l y s e s  of 

P i t t s  aria P e t e r s o n  11964) , a reqressioe e g m a t i m  for  aroverttent 

time was d e v e l o p e d  where, fiT=367.2ID-696 msec, The l i n e a r  

r e l a t i o n s h i p  be tween  movesent  time and  d i f f i c u l t y  may be 

o b s e r v e d  in F i g u r e  7. f loveaent  time i n c r e a s e d  with t h e  level of 

d i f f i c u l t y .  F i n a l l y ,  the s t a n d a r d  error of estimate for  t h e  

r e q r e s s f o n  e q u a t i o n  was found t o  be f61-2 asec. 

It is  obvious f r o a  t h e  r e s u l t s  t h a t  t h e  h y p o t h e s i z e d  linear 

r e a l t i o n s h i p  be tween  MT and I D  was r e a l i z e d ,  The c o r r e l a t i o n  of 

.72A, w h i l e  not b e i n g  e x t r e a e l y  large, e m p i r i c a l l y  j u s t i f i e d  

F i t t s r  Law f o r  n o n - v i s u a l l y  q u i d e d  aovements ,  Boveaaent time for  



Table  2 

MT and S t anda rd  Devia t ions  f o r  Experiment  1 

- 
Learning T r i a l s  X 

S  

- 
Tes t  T r i a l s  X 364 4 5 7  5 1 8  

S 37.1 65.4 7 9 . 4  
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Figure 7. Mean movement times (msec) for the three indices 
of difficulty. 



r e s p o n s e  w i t h o u t  v i s i o n  is a f u n c t i o n  of t h e  d i s t a n c e  t o  be 

t r a v e P l e d  a n d  the t e r l e i n a l  accuracy r e q u i r e d ,  I n  s p i t e  of t h i s  

f i n d i n q ,  s e v e r a l  k e y  components  of the r e s u l t s  a u s t  be 

q u e s t i o n e d ,  F i r s t ,  t h e  Rean ntoveaent times a p p e a r  i n f l a t e d .  I f  

v i s i o n  had been  a l l o w e d ,  t h e  t h r e e  tapping t a s k s  would h a v e  been 

jttdqed as f a i r l y  easy .  P i t t s  (3954) and P i t t s  a n d  P e t e r s o n  

41964) reported a c o r r e l a t i o n  of a p p r o l i s a t e l y  .98 for  movements 

of similar difficulty, The S e a n  movenent time f o r  a n  I D  of 3 was 

a p p m n f t a a t e l y  280 m s e c .  S i n c e  the hulnan motor: systea n o r r a l l y  

relies h e a v i l y  on v i s u a l  i n f o ~ m a t i o n ,  t h e  lack of v i s u a l  
1 

quidawe Bay h a v e  produced  a s i t u a t i o n  which was not o p t i m a l  for  

e r t r e m d y  r a p i d  moveaezlts. T h i s  effect map h a v e  been  more 

pronounced b e c a u s e  of t h e  h i q h  a c c u r a c y  c o n s t r a i n t s  r e q u i r e d ,  a 

T h i s  may a l so  a c c o u n t  for  both  t h e  h i q h  v a r i a b i l i t y  i n  the 

~ovearsnt tise d i s t z i b n t i a n s  a n d  t h e  hiqh error of est iaate for 

t h e  r e q r e s s i o n  e q u a t i o n .  N e v e r t h e l e s s ,  a s i g n i f i c a n t  l i n e a r  

r e l a t i o n s h i p  be tween  movemnt erne and  I D  @as found ,  A key 

question arises from t h i s  i n t e r p r e t a t i o n ,  H o w  can t h i s  

r e l a t i o n s h i p  be e x p l a i n e d  when v i s i o n  is reaoved?  The number of 

v i s u a l l y  b a s e d  c o r r e c t i o n s  a p p r o a c h  is  n o  l o r a q e ~  tenable. A 

s u b j e c t  c a n n o t  aaka  v i s u a l  c o r r e c t i o n s  far d e v i a t i o n s  from t h e  

i n t e n d e d  mventent p a t h  when t h e  i n t e n d e d  p a t h  cannot be seen ,  

P r o p r i o c e  ption b a s e d  c o r r e c t i o n s ,  houeve r ,  ma 9 expla in  c h a n q e s  

in .saoveaPent ti@@, The  expected s e n s o r y  c o n s e q u e n c e s  of t h e  

response s e r v e  a s  t h e  i n t e n d e d  qoaP and  d e v i a t i o n s  front t h e  



i n t e n d e d  q o a l  are c o r r e c t e d  {Scitaidt,  1975). The impulse - t i a inq  

a o d e l  proposed by Schmidt ,  Ze lazn ik ,  Hawkins, P rank  aad  Quinaa 

(1 979) also p r o v i d e s  a n  a l t e r n a t i v e  e x p l a n a t i o n .  

The model qiven by S c h a i d t  e t  a l ,  ( 1  879) stated t h a t  t h e  

t e r m i n a l  accuracy of r a p i d  or ballistic movements is r e l a t e d  t o  

the w a r i a b i l i t y  of t h e  initial mHovement impnlse. Accordinq t o  

Sherwood and Schmidt . ( 19801, the i n i t i a l  i m p n l s e  can b e  viewed 

as t h e  aqqsegate of t h e  a c c e 2 e r a t i v e  forces a c t i n q  i n  the 

d j r e c t i o n  of t h e  r e s p o n s e  elndpoint* f o g i c a l l p ,  a n y  p a r a m e t e t  

which increases t h e  ilagtalse varialbilit y would also  i n c r e a s e  the 

v a r Z a b f l i t y  of t h e  re sponse ,  S c h a i d t  e t  al,  11979) quantified 

this l o g i c  fi y psoposin q t h e  f o l l o v i n q  r e l a t i o n s h i p ;  

ZJe aA / BT 

where, Pe is  the s t a n d a r d  d e v i a t i o n  

t a r q e k ,  A i s  t h e  movement d i s t a n c e ,  

T h e r e f o r e ,  i f  a subject a t t e a p t s  t o  

o f  responses around a fixed 

and MT is t h e  movement tillte, 

Bove a qiven d i s t a n c e  [A), 

t o  a t a r g e t  05 f i x e d  width  a t  t w  q r e a t  a rate, t h e  v a r i a b i l i t y  

' o f  t h e  r e s p o n s e s  (We) w i l l  be high. f3 y d e c s e a s i n q  %hie v e l o c i t ~  

of %he response,  the ratio of B/BT is re&wxd and t h e  response 

b e c a a e s  sore a c c u r a t e ,  A larqe initial i m p u l s e  aeans t h e ,  s u b j e c t  

s a a l l e a  fni%Zal. in tpulse  i n c r e a s e s  movement timae and d e c r e a s e s  

t h e  response v a r i a b i l i t y  ( e r r o r s ) ,  I n  this manner, t h e  

r e l a t i o n s h i p  betmen 8T, t a r g e t  width, and movement; distance can - 

be e x p l a i n e d  i n  t h e  absence  of v i s i o n ,  



H o w  that the f u n c t i o n a l  r e l a t i o n s h i p  between RT and rD has 

been  def ined ,  t h e  expected movement t i n e  d i f f e r e n c e s  i n  a 

r e s p o n s e  proqramainq approach s a y  be o u t l i n e d ,  Befare aovinq on 

to the second experiment though, s e v e r a l  ~ e d i 3 i c a t i o a s  to the 

present experiaent  might have prodnced s t r o n g e r  r e s a l t s .  A 

l a r q e r  raage and g r e a t e r  number of ID'S woad have  prov ided  anore 

data and p o s s i b l y  a atronqer  l i n e a r  r e l a t i o n s h i p .  S i ~ i l a r l p ~  a 

larger range would have qiven more inforiation r e q a r d i a q  t h e  

upper and loser liaits that s u b s c r i b e  to  t h i s  r e l a t i o n s h i p .  The 

p r e s e n t  errper imnt  also c o n f i n e d  its scope to t h a t  of a 

repeetetive s e l f - p a c e d  ta sk ,  P i t t s *  Law h a s  a l s o  been shown to 

relaaia c o n s t a n t  for d i s c r e t e  taotor r e s p o n s e s  ( F i t t s  E Peterson, 

1964) , I F  d i s c r e t e  motor r e s p o n s e s  had been i n c l u d e d ,  t h e  

q e n e r a l i z a b i l l t p  of the f i n d i n g s  would b e  qreaW y enhanced. 

Future  r e s e a r c h  then, s h o u l d  t a k e  these c o n s i d e r a t f o n s  and place 

thea i n  a n  a p p r o p r i a t e  experiotentaf  s e t t i n g .  



Chapter 5 

I n  o r d e r  t o  g a i n  a n  u n d c r s t a n d i n q  of t h e  motor  psoqramme 

c o n s t r a c t i o n  p r o c e s s ,  Bosenbaunt ( 1978, 1980) ref i a e d  the p a r t i a l  

advance  i n f o r m a t i o n  parad iqm of Leonard (1958) .  The m o v e m a t  

p r e c u i n g  t e c h n i q u e  p r e s e n t e d  by R o s e n b a u ~  plf1980), however, f a i l s  

to provide a n  a d e q u a t e  d e s c r i p t i o n  of t h i s  p r o c e s s .  The r e a c t i o n  

time raeasures,  which a r e ,  h y p o t h e s i z e d  to ref iect %he r e s p o n s e  

preparation p r o c e s s ,  are c o n t a a t i n a t e d  b y  non-motor factors  

fGoodraarn E Kelso, i n  p r e s s ;  L a r i s h ,  1980) . S p e c i f  i c a l l g ,  t h e  

reaction tiate i n  t h e  Roshlnbaun f1980) r e s e a r c h  is a f u n c t i o n  of 

a S-R t r a n s l a t i o n  and s t i m u l u s  i d e n t i f i c a t i o n .  The  s e c o n d  

e x p e r i a e n t  was d e v e l o p e d  to o v e r c o m  t h e  d i f f i c u l t i e s  

e n c o u n t e r e d  i n  t h e  inovelaent p r w u i a g  t e c h n i q u e ,  T h e  u n d e r l y i h q  

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

[see Figure 5) were isolated am3 raan ipula ted ,  In t h i s  manner, it 

was h y p o t h e s i z e d  t h a t  t h e  role of the s t i m u l u s  encodinq p r o c e s s  

i n  r e s p o n s e  programming c o u l d  b e  a s c e r t a i n e d .  ffareorer, t h e  

p r a s e a t  e x p e r i a e n t  was d e s i q n e d  a s  a n  e x t e n s i o n  and r e p l S c a t i o n  

of the R o s e n b a u ~  f1980) paper.  

T h e  i n i t i a l  e x p e r i m e n t  examined a q u e s t i o n  which arose from 

t h e  p r o c e d u r e s  einployed in t h e  movement p r w u i n g  technique; 

n a a e l y ,  w h e t h e r  ur n o t  the r e l a t i o n s h i p  d e s c r i b e d  bp f i - t t s s  Law 

r e m a i n e d  i n v a r i a n t  i n  t h e  a b s e n c e  of vision. Taken t o q e t h e r ,  t h e  



f i n d i n q s  f r o n  the f i r s t  experipaent  i n d i c a t e d  t h a t  MT i n c r e a s e s  

as the i n d e x  of difficulty becomes l a r g e r ,  

Movement time a n a l y s i s  i s  proposed t o  be a n  integral  part 

of the response proqtarttgaing f raaework (Kerr, 1978 ; Rosenbaua, 

1980).  S i t h i n  this c o n t e x t ,  aoveaen t  t i n e s  have  a n  i n p o r t a n t  

role i n  d i s t i n g u i s k i n g  if a o t o s  p r o g r a a a i n g  was c o a p l e t e d  d u r i n q  

t h e  response la-ncp p e r i o d ,  Wow t h a t  the r e l a t i o n s h i p  between 

BT and I D  h a s  been d e l i n e a t e d ,  a p roper  a lna lys i s  of r e s p o n s e  

proqrlatllninq i n  the precu ing  approach  Baay b e  c o a p l e t e d .  With 

respect t U  Bovetuent ti-, no  d i f f e r e n c e s  are expected between 

c o n i i i t i o n s  fo r  r e s p o n s e s  t o  t a r y e t s  of e q u a l  diff l c u l t y ,  I f  a 

d i f f e r e n c e  is fonnd, i t  is p o s s i b l e  that r e s p o n s e  p r e p a r a t i o n  is  

n o t  f i n i s h e d  i n  the r e a c t i o n  time, S i m i l a r l y ,  i f  moaement times 

d i f f e r e n c e s  f a i l  to appea r  i n  r e s p o n s e s  t o  t a r g e t s  of v a r y i n q  

d i f f i c u l t y ,  s u b j e c t s  Bay n o t  be p r e p a r i n g  t h e  e n t i r e  r e s p o n s e  i n  

t h e  r e a c t i o n  tiae, I n  t h e s e  s i t u a t i o n s ,  t h e  aovematent i s  

i n i t i a t e d  and c o n p l e t i e n  depends  on propsf  ocepti re beeaback , 

I f  t h e  r e s u l t s  from Blosen&aua f1980) are a c c e p t e d  as b e i n g  

v a l i d ,  t h e n  siuiilar effects would b e  a n t i c i p a t e d  i n  t h e  

p r o q r a ~ l a i n q  [reaction t i n e )  a n a l y s e s ,  A d i f f e r e n t i a l .  proqraatuinq 

affect betweon d i r e c t i o n  and e x t e n t  s h o a l d  be  noted. The 

s e s p o n s e  p e r p a r a t i o a  time for extent i s  hypo thes ized  t o  be  less 

t h a n  t h a t  o f  d i r e c t i o n ,  S i m i l a r  i n v e s t i g a t i o n s  b y  Larish 31980) 

and, Gocl&laan and Kelso ( i n  press) f a i l e d  to r e p l i c a t e  the 

Rosenbaurtt 41980) r e s u l t s  when S-R c o m p a t i b i l i t y  is high* I n  



liqht of t h e s e  r e s u l t s ,  the p r e s e n t  s t u d y  w i l l .  a l s o  i n c l u d e  a 

r e p l i c a t i o n  of these iaportant f i n d i n g s ,  

g@Lectsk Bight Sislon F f a s e r  U n i v e r s i t y  s t u d e n t s  ( 6  male; 2 

f eatale) , r a n g i n q  i n  aqe frola 2 2  t o  3 4 ,  v o l u n t e e r e d  to 

p a r t i c i p a t e  i n  the exper imen t ,  Aqain, a l l  s x i b j e c t s  were riqht 

handed anZl t a s k  naive, 

B-q-sI The e x p e r i ~ i l e n t a l  a p p a r a t u s  was r a t h e r  coadplex, 

and a s  such, a l e n g t h y  d e s c r i p t i o n  is n e c e s s a r y ,  F i r s t  of all, 

arr, Apple 11 at icrocoslputer  was the h e a r t  of t h e  a p p a r a t u s ,  The 

c o a p u t e r  c o P l e c t e d  t h e  d a t a  a n d  c o a t r o l l e d  t h e  e n t i r e  

experiraent .  A r e s p o n s e  p a n e l  (25  x 12.5 ci) ,  sieailar t o  t h a t  of 

Exper iment  1, was s i t u a t e d  20 car i n  front of  t h e  s u b j e c t  and was 

interfaced to t h e  c o ~ p u t e r  t h r o u q h  a p a r a l l e l  i n t e r f a c e  card. 

The hose key, a 1.5 iEa square, was t h e  p o s i t i o n  frola which a11 

t r i a l s  started, f o u r  other t a r q e t s  comple ted  t h e  response panel 

f 2  forward ,  2 beh ind) ,  The t a r g e t s  were 7,6  cm and  3.2 cm from 

t h e  h o s e  key, and had d i a ~ a e t e r s  of 3.2 cls and 2.6 cm 

r e s p c t f v e l y  (see F i g u r e  8) . Each target was connec ted  t o  a n  

e l e c t x o n i c  s w i t c h  ~ a o n n t e d  o n  t h e  u n d e r s i d e  o f  t h e  response 

panel ,  f n  addi t ; ion ,  t h e  sussounsding a l u ~ i n u m  p l a t s  was a l so  

corrnect;ed t o  s w i t c h ,  813. tarqets were touch s e n s i t k v e  when a 5 

v o l t  curreat was p a s w d  t h r o u g h  t h e   subject*^ body. T h e  



~ i ~ u r e  8. A schematic representation of the response 
panel used in Experiment 2 (all measurements 
are in cm). 



e l e c t r o n i c  s w i t c h e s  have  a d i s t i n c t  a d v a n t a g e  o v e r  the normal 

s w i t c h e s  commonly used  i n  t h e  l a b o r a t o r y  s e t t i n g ,  The s w i t c h i n g  

t i a e  of t h e  e l e c t r o n i c  c i r c u i t r y  was less ehan  1 asec* 

Mechanica l  s w i t c h e s  may take as lonq as 40 msec, Puther inore ,  

t h i s  t i a e  v a r i e s  f rom t r i a l  to  t r i a l ,  S i n c e  t h e  Apple f I 

microcoti tputer h a s  qraphic c a p a b i l i t i e s ,  a television ntoni to r  was 

u s e d  for the v i s u a l  d i s p l a y ,  T h e  v i s u a l  d i s p l a y  was situated a t  

eye l e v e l  approxiarately 2 meters away from the s u b j e c t .  The 

d i s p l a y ,  which was ident,ica2 to that of t h e  r e s p o n s e  p a n e l ,  

measured 18 cm by 9 ca, F i v e  h o l Z o r  circles, drawn on t h e  

a ton i to r  b y  the computer ,  were p o s i t i o n e d  t o  d i r e c t l y  c o r r e s p o n d  

t o  t h e  r e s p o n s e  panel,  The r e q u i r e d  r e s p o n s e  was s i q n a l l e d  when 

o n e  of t h e  fire circles f i l l e d  i n .  Bt t h e  start of a t r i a l ,  one 

of f i v e  p o s s i b l e  l e t t e r s  ( F , % , l ,  D,X) would a p p e a r  t o  t h e  

i m ~ d i a t e  left of the v i s u a l  d i s p l a y  (see P i g u s e  9)- . T h e  l e t t e r s  

were 6' ca h i q h  by 3 - 5  c ~ t  wide a n d  s e r v e d  as pr r jcues  f o r  

directf on fF=forward; B-rbztckwatd) 03: e x t e n t  f l = n e a s ;  D = d i s t a n t )  . 
If X was p r e s e n t e d ,  the s u b j e c t  was g i v e n  n o  a d v a n c e  i n f o r a a t i o n  

a n d  a n y  one of the f o u r  maveients was p o s s i b l e *  The s u b j e c t  *s 

view of t h e  r e s p o n s e  p a n e l  was o b s t r u c t e d  by t h e  u s e  of a 

m o d i f i e d  b l i a d f o E d ,  after the coapletiori of a t r ia l ,  s u b - f s t s  

were p r e s e n t e d  wi th  two other letters in t h e  lower lef .t hand 

comer of t h e  t e l e v i s i a n  %onitus {either ArB,E,;D, o r  X) I f  the 

two, letters taatch-ed, t h e  greceedinq ses ponse uas correct, 

aeaction times and movement tilnes were umasused b y  a real t i ~ e  
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c l o c k  ( a c c u r a t e  t o  .001 sec) c o n t a i n e d  i n  t h e  computer, 

P;r-q&ggg& P r i o r  t o  t h e  s t a r t  of t h e  exper iment ,  t h e  n a t u r e  

of t h e  task was d e s c r i b e d  t o  e a c h  s u b j e c t ,  Before  p r a c t i c e  of  

t h e  e x p e r i m e n t a l  p rocedures  beqan, s u b j e c t s  were given a h a l f  

h o u r  warm-np s e s s i o n ,  I n  t h i s  session, t h e  s u b j e c t  p r a c t i c e d  

novinq t o  each t a r q e t  with v i s i o n  u n t i l  he/she  felt t h a t  t h e y  

had laas tered  t h e  f o u r  p o s s i b l e  r e sponses .  A t  this p o i n t ,  v i s i o n  

of t h e  r e s p o n s e  panel was occluded for the rest of t h e  

errperimen a;, S u b j e c t s  then practiced laakinq t h e  r e s p o n s e s  wi thou t  

vision for t h e  re laa inder  of the h a l f  hour .  The' c o n c e p t  of 

advance  i n f o r a t a t i o n  lPrecues) was i n t r o d u c e d  a f t e r  t h e  i n i t i a l  

wara-up p e r i o d  t e r m i n a t e d  and, 2Y0 p r a c t i c e  trials were qioen  t o  

fallsiliarize t h e  s u b j e c t  with t h e  e r p e r i  aten;rtal paradigat. B p r e c u e  

a n r a t i o n  of 1200 atsec atas chosen for  t h e  f a e a i l i a r i z a t i o n  period. 

T h i s  a l l o w e d  t h e  s u b j e c t  a ~ l p f e  t h e  t o  ~ a k e  u s e  of t h e  advance 

i n f o r m a t i o n  given,  

The sub- fec t  i n i t i a t e d  t h e  sequence  of e v e n t s  on any one 

trial by t o u c b i n q  the home key. The precue was t h e n  presen%ed t o  

t h e  l e f t  of t h e  v i s u a l  d i s p l a y  for I200 msec, For  example, if 

was displayed, t h e  s u b j e c t  knew i n  advance  t h a t  t h e  r e q u i r e d  

r e s p o n s e  would be forward,  I n  t h i s  case, o n l y  e x t e n t  required  

proqrasminq d u r i n q  t h e  BT, T h e  s u b j e c t  was i n s t r u c t e d  t o  use 

this i n f o r a a t i o a  to  h e l p  prepare f o r  t h e  upconring response ,  Once 

t h e , p r e c u e  had been p r e s e n t e d  f o r  1200 lasec* a umf@ment l i q h t  
I 

f f i l l e d  circle) s i q n a l l e d  the d e s i r e d  response*  The t a s k  was t o  I 



Figure 9. A pictorial representation of the visual 
display used in Experiment 2. 
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r e n a v e  t h e  i n d e x  f i n q e r  f r o @  the hosle key and nove a s  q u i c k l y  

a n d  a c c u r a t e l y  as p o s s i b l e  t o  t h e  c o r r e s p o n d i n g  t a r q e t ,  Subjects 

were also i a s t r n c t e d  to r e f r a i n  froa quess i ' sq  which o f  the 

p o s s i b l e  r e s p o n s e s  would be r e q u i r e d ,  Upon t h e  c o m p l e t i o n  o f  t h e  

240 p r a c t i c e  t r i a l s ,  the d a t a  was p l o t t e d  by the coarputer  and  a 

v i s u a l  i n s p e c t i o n  was performed,  I f  t h e  r e a c t i o n  tiiaes had n o t  

s t a b i l i z e d ,  or i f  the error rate was g r e a t e r  t h a n  10% a n  

a d d i t i o n a l  120 p r a c % i c e  t r i a l s  were qivea ,  

when t h e  war&-up session and  p r a c t i c e  t s i a l s  were f i n i s h e d ,  , 

t h e  r e ~ a i n i n q  experimental trials were s t a r t e d  , The t w e l v e  

possible p s e c n e - t a r q e t  c o a b i n a t i o n s  were t e s t e d  t w e n t y  t i a e s  i n  

each 05 n i n e  d i f f e r e n t  precae d l u r a t i o n s  (Le* ,  2190, 2 5 0 ,  300, 

350, 600, 650, 700, 750, and  800 lasee). These t i a e s  were c h o s e n  

from p i l o t  d a t a  [see appendix 8-1) b e c a u s e  they a p p e a r e d  t o  

adequate1 y c o v e r  t h e  r e a c t i o n  ti me-precue d u r a t i o n  curwe (Fiqure 

41, A r a n d ~ m  p r e s e n t a t k o m  o r d e r  was d e t e r a i n e d  b y  'the compute r  

fox each subject, S i n c e  t h e  s u b j e c t  c o n t r o l l e d  t h e  p r e s e n t a t i o n  

ra te  05 t r i a l s ,  rest periods could b e  t a k e n  ubea d e s i r e d ,  Bach 

sub-ject  c o m p l e t e d  t h r e e  t e s t i a q  s e s s i o n s  a p p r o x i r a t e Z y  t uo h o u r s  

i n  d u r a t i o n ,  

Two ltloveaaent f e a t u r e s  fparameters) were man ipu la t ed  in t h i s  

e x p e r f  mnt, If d i r e c t i o n  was p recued  b y  a n  *fw o r  VP, e x t e n t  

,had to be progralattled d u r i n q  t h e  r e a c t i o n  t i ~ e ,  When e x t e a t  was 

g r e c u r e d  with a n  "RSt  or "Dm, d i r e c t i o n  h a s  t o  b e  p r e p a r e d  d u r i n q  - 

t h e  r e a c t i o n  t i n e ,  I f  a n  "X* was p r e s e n t e d ,  both d i r e c t i o n  and  



e x t e n t  were p r  oqrarlxted d u r i n g  r e a c t i o n  t i m e ,  

The three dependent  measures r ecorded  on a n y  one trial 

were: 

1)  Reaction T i m e  

2 )  Boveaes t  T i m e  

3) An Error [ d e f i n e d  as the touch inq  of an i n c o r r e c t  

zesponse tarqet), 

Several o t h e r  t y p e s  of errors were p o s s i b l e  i n  t h e  p r e s e n t  

e x p e r i m e n t a l  paradiqm, B tltaxiaua RT of  500 a s e c  and a miniautlt o f  

100 a s e c  were set for  all s u b j e c t s ,  b RT of less than  100 lssec 

Beant the subject was a n t i c i p a t i n g  the o n s e t  of She  e x e c u t i o n  

s'tfmalus, The  upper  limit was chosen  because  the RTts for  p i l o t  

s u b j e c t s  were a l l  less .than 500 msec, If the RT exceeded t h e  

taaxirula, or was less t h a n  t h e  miniatium, t h e  trial. was randomly 

r e p e a t e d  later i n  the exper iment .  Sia i l ar ly ,  180 and 10 msec 

were t h e  o~axiaum/minimum w v e a e n t  t i a e s  al lowed,  The m a x i a u ~  HT 

of 380 msec was selected to p r e v e n t  responses which were s t a r t e d  

i n  %he orsoraq d i r e c t i o n  and t h e n  c o r r e c t e d  from b e i n q  c o u n t e d  as 

a c o a p l e t e d  trial. I f  HT was less than 10 msec, s u b j e c t s  were 

sliding t h e i r  f i n g e r  t o  t h e  d e s i r e d  t a r g e t .  Oalg ~isses qnd 

m s p s n s e s  t o  i n c o r r e c t  targets were r e c o r d e d  a s  errors. The 

r e a c t i o n  and laoventent tiaties f o r  errors were renoved fralxt the 

data a n a l y s e s ,  f i n a l l y ,  each subject was c o n s t a n t l y  rerainded to 

maintain a n  overall error rate of less than 10%. 



q s a b  g g ~ ~ ~ ~ .  A w i t h i n  s u b j e c t s  d e s i g n  was employed 

i n  t h e  p r e s e n t  exper iment ,  The d a t a  were ana lyzed  so tha t , :  

I) q u e s t i o n s  r e g a r d i n g  response p r o g r a a a i n q  c o u l d  be a d d r e s s e d ,  

and 2)  t h e  t i m e  f o r  s t i l a u l a s  i d e n t i f i c a t i o n  and r e s p o n s e  

p r e p a r a t i o n  was e s t i a a t e d *  A number of q u e s t i o n s  r e q u i r e  

i n s p e c t i o n  in t h e  r e s p o n s e  proqrantming a n a l y s e s ,  &en t h e  

s u b j e c t  h a s  enough t i a e  t o  inake u s e  of t h e  precued i a f o r a a t i o n ,  

two h y p o t h e s e s  need be  t e s t e d .  I n i t i a l l y ,  i s  t h e r e  a 

d i f f e r e n c e  i n  reaction a i m  for t h e  different f e a t u r e s  

fd i rec? t ion  vs, e x t e n t )  ? Secondly, are them ' d i f f e r e n c e s  bet  ween 

t h e  l e v e l s  of each f e a t u r e  ff o r v a r d  vs. backward and l o n q  vs, 

short)? An o v e r a l l  test is a l s o  required i n  o r d e r  t o  d e t e r m i n e  

i f  t h e r e  is a precue by p recue  d u r a t i o n  i n t e r a c t i o n ,  F o r  

example, it is  c o n c e i v a b l e  t h a t  a  l o a q e r  psecue  d u r a t i o n  is 

n e c e s s a r y  f o r  t h e  p r e c u e  "BM t h a n  "F*, An a n a l y s i s  o f  v a r i a n c e ,  

f o r  e a c h  h y p o t h e s i s  of i n t e r e s t ,  was used t o  t e s t  for 

s t a t i s t i ca l l  y s i q n i  f i c a n t  d i f f e r e n c e s ,  The a a a l y s i s  of v a r i a n c e  

tables for a l l  dependen t  a e a s u r e s  a a y  b e  found i n  the 

Appendices. Ever$ h y p o t h e s i s  o f  laterest was t e s t e d  with a = , 0 5 ,  

and was c o n s i d e r e d  t o  be s t a t i s t i c a l l y  s i g n i f i c a n t  when $he 

p r o b a b i l i t y  of s i g n i f i c a c e  was below t h i s  va lne ,  Ri th  r e s p e c t  t o  

t h e  s t iaa los  i d e n t i f i c a t f  on analysis, RT for the precued 

c o n d i t i o n s  and no p r e e u e  c o n d i t i o n s  was plotted for a l i  precue  

dnzzltions, The s t a n d a r d  e r r o r  of t h e  Sean ( S i )  for t h e  no  prrtcue 

c o n d i t i o n  was a l s o  c a l c u l a t e d  and p l o t t e d , .  hssuminq t h e r e  was a 



l i n e a r  r e l a t i o n s h i p  between t h e  p recued  f e a t u r e  r e a c t i o n  tiaes 

a t  p r e c u e  d u r a t i o n s  of 200 and  250 asec, t h e  p r e c u e  d u r a t i o n  a t  

which the  f e a t u r e  reaction t h e  d e v i a t e s  two s t a n d a r d  e r r o r s  of 

t h e  mean is called t h e  s i t imu lns  i d e n t i f i c a t i o n  time l F i q o r e  1 2  

and  13). 

&saonsq  ~gggtgalaeaia~q Throuqh a n  o v e r a l l  a n a l y s i s  - 

of the RT d a t a  for b o t h  p r e c u e d  f e a t u r e s ,  p r e c u e  d u r a t i o n s  of 

700, 350, and  800 ~ sec  were s e l e c t e d  a s  t h e  d u r a t i o n s  where 

s u b 3 e c t s  had s n f f i c i e n t  time t o  p r e p r o q r a a  t h e  advance 

i n f o r l a a t i o n  q ivea .  The p r e c u e  d u r a t i o n  of 1200 msec was n o t  

c h o s e n  because it was used  for p r a c t i c e  t r i a l s ,  S i n c e  subjects 

were n o t  c o ~ p h t e l y  f a m i l i a r i z e d  wi th  t h e  t a s k ,  i n f l a t e d  

r e a c t i o n  tilftes o c c u r &  for t h e  first f e u  trials. The sane loqic  

also  a p p l i e s  f o r  error rates, Over t h e  c o u r s e  of t h e  e x p e r i ~ e n t ,  

a l l  sabjects  s a i n t a i n e d  a n  error rate less t h a n  the 10% 

c r i t e r i o n ,  A s  e x p e c t e d ,  ettost errors o c c u r e d  for a p r e c u e  

d u r a t i o n  of 1200 ssec. The error rates  are  p r e s e n t e d  i n  Table 3. 

C a r e f u l  o b s e r v a t i o n  of t h e  t a b l e d  v a l u e s  a lso reveals t h a t  more 
\ 

errors were a a d e  for r e s p o n s e s  t o  target D ,  The d i f f e r e n t i a l  

error rate p e r c e a t a q e  l e a d s  t o  t h e  a s s u ~ p t i o n  of a 

spe&-accu racy  t r a d e o f f  fos a l l  r e s p o n s e s  t o  tarqet Ds R e a c t i o n  - 

tines, however,  p m v e  t h i s  to be a f a l s e  assumpt ion ,  I n  raost 
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casess inovements t o  t a r q e t  D had t h e  l a r g e s t  reaction times, The 

o t h e r  error rates d o  n o t  a p p e a r  t o  be larqe enonqh to create 

i n t e r p r e t a t i o n  p r o b l e s s  with t h e  d a t a  . 
a o v e r e n t  an,&yseg - The f o u r  inoversent ti le analysis of A* -- --- -- 

v a r i a n c e  tables may be f o u n a  i n  Append ices  B-2 through 3-5, The 

overall a n a l y s e s  will b e  d i s c n s s e d  first, ahen d i s t a n c e  was the 

precued f e a t u r e ,  the main effects of p r e s e n t a t i o n  letter and 

d i r e c t i o n  were significaat, E (1,7)=5t 6,69 and  8 ( 1 7 ) = 4 2 , 2  1. 

Eloremient t i a e s  were s h o r t e r  when "NW (66 msec) rather thaq 

(89 ssec) was precued,  Forward Iporements f 72  msecf were faster 

t h a n  backward n o v e n e n t s  (82  msec) . The d i r e c t i o n  b y  p r e c u e  

d u r a t i o n  i n t e r a c t i o n  Mas a l s o  s i q n j i f i c a n t ,  x(9.63) =5.89. Further 

a n a l y s i s  r e v e a l e d  t h a t  movetaent tisss r e a a i n e d  constan.t: across 

duration for backward movements, wh i l e ,  aovemeat  times i n c r e a s e d  

across d u r a t i o n  i n  forward r e s p o n s e s ,  I f  advance  i n f o r n a t i o n  was 

g i v e n  on d i r e c t i o n ,  the a a i a  effects of p r r z s e n t a t i o a  Iletkes, 

e x t e n t ,  and f o r e p e r i o d  were statistically s i q n i f  icant, 

Ff4,'J) =39.57, $(1,7)=471.61, and  g(9,53)=3,77, Bqafn, f o r w a r d  - 
responses were s i g n i f i c a n t l y  faster t h a n  backward r e s p o n s e s  (67 

fssec vs 83 rrtsec), Moveaent t iaes  t o  t h e  n e a r  t a r q e t s  460-msec) 

were s h o r t e r  t h a n  those to  the d i s t a n t  targets (90  msec) Post 

hoc a n a l y s i s  o f  p r e c u e  d u r a t i o n ,  using T u k e y r s  B S D  test,  

r e v e a l e d  t h e  sinple p a i r w i s e  d i f f e r e n c e s  d i s p l a y e d  i n  T a b l e  4 ,  A 

s ta . t i s t ica l ly  s i q n i f  icant presentation Pe t ter by p r e c u e  d u r a t i o n  - 

i n t e r a c t i o n  was noted, 9(9,63)=3,07, S u b s e q u e n t  a n a l y s i s  showed 



Table 4 

Simple Pa i rw i se  D i f f e r ences  f o r  Precue Durat ion (MT) 

Precue Durat ion 

2 0 0  250  3 0 0  350  600 6 5 0  7 0 0  7 5 0  8 0 0  1 2 0 0  

1 . 7  3 . 3  1 . 4  5 . 4  5 .2  3 . 1  3 . 9  2.4 

- D i r e c t i o n  Precued (Prepare  Ex ten t )  

* denotes  p < . 0 5  



t h a t  stoventent times f o r  E o r r a r d  movements remained  c o n s t a n t  

across d u r a t i o n s ,  where, ~oveaaent time d e c r e a s e d  for backuard 

a o v e a e n t s  across a l l  d u r a t i o n s ,  

Dbvious ly ,  subjects r e q u i r e  t i m  t o  sse t h e  advance  

i a f o r a a t i o n  which they are given ,  T h e r e f o r e ,  ~ o v e n e n t  tiae was 

a n a l y z e d  far  just t h e  700, 750, a n d  ROD msec p s e c v e  d n s a t i o n s ,  

Since s u b j e c t s  had s u f f i c i e n t  t i n e  t o  p r e p a r e  t h e  i n f o r a a t i o n  

p r e s e n t e d ,  t h e  t h r e e  d u r a t i o n s  are t r e a t e d  a s  r e p l i c a t e s ,  Uhen 

d i s t a n c e  vas t h e  advance informtion a v a i l a b l e ,  s i g n i f i c a n t  aaain 

effects of p r e s e n t a t i o n  letter and  d i r e c t i o n  were found,  

f { l r 7 )  =95,47 and  63,7) =7.6l Wvenrent eifaes were s h o r t e s t  when 

"HR was the  p recued  letter (67 a s e c  v s  92 asec), Forward ( 

r e s p o n s e s  were faster  t h a n  backward r e s p o n s e s  (76 msec v s  8 3  

msec) , I f  d i r e c t i o n  was t h e  pfecued  f e a t u r e ,  s i g n i f i c a n t  rrain 

effects were found for p r e s e n t a t i o n  letter and extent, 

_Ff 1 =38,9'7 and $ f l,7)=38% U?, Forward and near moveBent times 

were shorter t h a n  backward and  d i s t a n t  m o w a e n t  t i aes  

r e s p e c t i v e 1  y, 

In q e n e r a l ,  t h e  results f roa t h e  m v e n e n t  t i n e  aaalgses  d i d  

riot d i f f e r  f r o n  what was p r e d i c t e d  by t h e  f i r s t  expe r imen t ,  

Boveaent  tines t o  near  t a r q e t s  were s h o r t e r  t h a a  those t o  

d i s t a n t  tarqets,  Forward  w v e m e n t s  were a l so  sliqhtly f a s t e r  

t h a n  backward aovelaents, The! f i n d i n g s  d o  not appear to  i n d i c a t e  

t h a f  r e s p o n s e  p r e p a r a t i o n  was i n c o m p l e t e  during the BT. 



. 
EXTEMT . OIRlECTlON 

PROGRAMMED FEATURE 

Figure  1 0 .  Mean response  p r e p a r a t i o n  t imes  f a r  t h e  
f e a t u r e s  d i r e c t i o n  and e x t e n t .  



tirne a n a l y s e s ,  was a p o s s i b l e  f e a t u r e  p r e p a r a t i o n  d i f  f erence, 

# o r e  s p e c i f i c a l l y ,  is t h e r e  a d i f f e r e n t i a l  psoqranminq effect 

between d i r e c t i o n  a n d  e x t e n t ,  T h i s  d i f f e r e n t i a l  effect i s  o f  

interest o n l y  when s u b j e c S s  have s u f f i c i e n t  time foe 

pseproqrafamlnq t h e  a d v a n c e  i n f  o r m a t h n ,  Theref  o r e ,  t h e  700,  750, 

and 800 asec precue d u r a t i o n s  were used,  The a a a l y s i s  of 

v a r i a n c e  table may be found i n  lhppendix %-6, A s i q n i f i c a n t  iain 

effect for "the p r o g r a m e d  f e a t u r e  was found,  E(1,79 = I 1  , 58  

{Pi q n r e  10). 8hen d i r e c t S o n  i s  precued ,  e x t e n t  must  be 

prograamed d u r i n g  t h e  r e a c t i o n  t i n t @  and vice-versa .  T h e  3T for 

the prepara t ion  of d i r e c t i o n  t224 lasec) was s i g n i f i c a n t l y  3. o a q e r  

t h a n  t h e  BT for  t h e  proqralaninq o f  e x t e n t  (2'12 asec), 

The n e x t  g u e s t i o n  of r e l e v e n c e  d e a l s  with the d i f f e r e n t  

v a l u e s  ( l e v e l s )  of each f e a t u r e ,  Are t h e r e  d i f f e r e n c e s  between 

the two v a l u e s  o f  a f e a t u r e ?  F o r  enaolple,  d o e s  it t a k e  l cmqes  to  

p r e p a r e  to saove b a c k ~ a r d s  t h a n  f o r w a r d s ?  Once @ore, t h e  p recue  

daratioas of 700, 750, and 800 msec are employed a s  r e p l i c a t e s ,  

when d&&ance is t h e  p recued  f e a t u r e ,  no s i q n i f i c a n t  main 

effects o r  i n t e r a c t i o n s  are found [Appendix 8-7)*  O n  t h e  o t h e s  

hand, vhen d i r e c t i o n  i s  known i n  advance ,  a p r e s e n t a t i o n  - letter 

by e x t e n t  i n t e r a c t i o n  was s i g n i f i c a n t ,  g(1,7)=9,13, Further 

analysis d i s p l a y e d  t h e  c a u s e  t o  be a d e c r e a s e  i n  m a c t f o n  t h e  

for t h e  backward d i s t a n t  aovemerat ( F i g u r e  I t ) .  In an  o v e r a l l  

anaZys i s ,  g i t h  d i s t a n c e  the  p r e c u e d  f e a t u r e ,  the etaia effects of - 

p r e s e n t a t i o n  letter a n d  precue d n s a t i o n  were s i g n i f i c a n t ,  



F{1,7)=6,19 and g(9,63)=6,58. R e a c t i o n  Jtimaes rere s i q n i f i c a n t l y  - 
shorter when "In was precued (233 @see v s  '241 gnsec) . The s i m p l e  

p a i r w i s e  d i f f e r e n c e s  i n  psecae  d u r a t i o n  c a n  b e  seen i n  T a b l e  5, 

B presentation letter by  p s e c v e  d u r a t i o n  was also found to be 

s t a t i s t i c d l p  s fqn i f i can- t ,  g(9,63) =a, 41, If d i r e c t i o n  was t h e  

featnre kaawn i n  advance,  a s f q n i f i c a n t  main effect of p r w w  

d u r a t i o n  was observed,  2(9,63] =5.7, B p r e s e n t a t i o n  let ter  by  

e x t e n t  and an e x t e n t  by p r e c u e  d u r a t i o n  i n t e r a c t i o n  were 

d i s c o v e r e d ,  $ f  1,7) =8,98  and E(9,63) =3,56, S i m p l e  p a i f r i s e  

d i f f e r e n c e s  for psecae d u r a t i o n  are shown i n  T a b l e  6, Subsequent 

a n a l y s i s  of t h e  p r e s e n t a t i o n  letter by extent i n t e r a c t i o n  

r e v e a l e d  t h e  c a u s e  t o  be a  d e c r e a s e  in XT for: backward distant 

B i t h  r e s p e c t  t o  t h e  hypotheses of i n t e r e s t ,  the s i q n i f i c a a t  

i U E f e r e n t i a 1  proqralaminq effect f o r  f e a t u r e s  was i d e n t i c a l  t o  

t h a t  r e p o r t e d  by Rosenbaum ( t980) ,  R e a c t i o n  times when extent 

Bad t o  be s p e c i f i e d  were s h o r t e r  than RT9s when d i r e c t i o n  had t o  

be s p e c i f f e d  in t h e  l a t e n t  pe r iod ,  I n s p e c t i o n  of the s u b j e c t  

means r e v e a l e d  t h a t  t h i s  t r e n d  was t r u e  for a l l  s u b j e c t s  b u t  

one, T h i s  s u q g e s t e d  t h a t  the effect was f a i f l  p r e l i a b l e .  + 

The p r e c e e d i a q  c o n c l u s i o n  was based on d i f f e r e n c e s  i n  man 

r e a c t i o n  times for d i f f e r e n t  f e a t u r e s .  The results f a i l e d  t o  

f i n d  d i f f e r e n c e s  between i n d i v i d u a l  va lues  with in  each feature, 

T h i s  r e s u f t  was also i d e n t i c a l  to  t h a t  of R o s e a b a u ~  (1 980) .  



Table 5  

Simple P a i r w i s e  Di f fe rences  f o r  Precue Dura t ion . (RT)  

Precue Durat ion 

2 0 0  2 5 0  3 0 0  3 5 0  6 0 0  6 5 0  7 0 0  7 5 0  8 0 0  1 2 0 0  

- D i r e c t i o n  Precued (Prepare  Ex ten t )  

* denotes  p < .  0 5  



Table  6 

Simple Pa i rw i se  D i f f e r ences  f o r  Precue Durat ion (RT) 

Precue Durat ion 

- . - 

-Extent  Precued (Prepare  D i r e c t i o n )  

* denotes  p < .  05 
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by extent interaction. 



T a b l e  8 

Mean Response P r e p a r a t i o n  Times 

P r e p a r e  D i r e c t i o n  

P r e p a r e  E x t e n t  



T a b l e  9 

f o r  t h e  P r e p a r a t i o n  o f  D i r e c t i o n  
E x t e n t  

PC D i r e c t i o n  ( P r e p a r e  E x t e n t )  

and 

D i s t  Near jt 

PC E x t e n t  ' (p repa re  D i r e c t i o n )  

-- 

For .  Back x 
2 1 9 . 7  2 2 7 . 6  2 2 3 . 7  
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One r e s u l t  which was n o t  expected ,  was t h e  p r e s e m t a t i o a  

l e t t e r  b y  e r r t e n t  i n t e r a c t i o n ,  The d i f f e r e n c e s  i n  r e a c t i o n  time 

for near aad distant movements was l a r g e r  whea the r e s p o n s e  was 

backwards as opposed t o  forwards. T h i s  r e s u l t  means that the 

t i m e  n e c e s s a r y  to prtrqrala e x t e n t  was affected by  t h e  d i r e c t i o n  

oZ movement. Bccordiagly ,  this s u g g e s t s  %hat t he  s p e c i f i c a t i o n  

of e x t e n t  spas not done i n d e p e n d e n t l y  of direction.  I n s p e c t i o n  of 

She  subject means, howeverr showed that t h e  i n t e r a c t i o n  t r e n d  

was true for on ly  3 sub=Jects in t h e  o v e r a l l  a n a l y s i s  and  just 

one s u b j e c t  for precne d a r a t i o n s  of 700, 750, and 800 asec. 

There fo re ,  t h i s  i n t e r a c t i o n  is n o t  e n t i r e l y  reflective o f  the 
1 

act uaZ s u b j e c t  trends, 

S$&u1us & & ~ j $ . J & ~  -1~s&p. The Beean reaction times 

f o r  the no precue c lond i t i ens  [ p r e p a r e  d i r e c t i o n  and extent;) are 

presented i n  Table 7, The  grand Bean (278.33 and Sii (3.D2) Mere 

plotted i n  both F i q n z e  12 and F i q u r e  13. If  one assnaes a l i n e a r  

r e l a t b n s h i p  for BT between t h e  precue d u r a t i o n s  of  200 and 250 

%see, the point a t  which t h e  RT curve crosses two s t a n d a r d  

errors of the leean is c a l l e d  t h e  s t i m u l u s  i d e n t i f i c a t i o n  time. 

Froa the qraphs, the s t i a u l u s  i aen t i f ica t ion  t iaes  for d k r e c t i o n  

and extent were 202 msec and 210 iasw r e s p e c t i v e l y .  T a b l e  and 

'fable 9 p r o v i d e  t h e  d a t a  necessarp t o  c a l c u l a t e  t h e  r e s p o n s e  

preparation t i a e s  for  d i r e c t i o n  and e x t e n t ,  Followinq t h e  

r a t i o n a l e  developed i n  Piqum 5, preparation t h e  f o r  direction 

122 lasee) was t h e  differeslce between 224 lasec {Table 9) and 202 



msec (Fiquse 13). The  p f e p a s a t i o n  time for e x t e n t  12 ssec) was 

t h e  d i f f e r e n c e  between 212 msec (Tab le  9)  and 210 nsec ( P i q u z e  

$2)  * 

Prom a v i s u a l  perspective, t h e r e  was an  araaazinq s i n i l a r i t y  

between F i g u r e s  12 and 13. The a p p a r e n t  congruency s u g g e s t s  t h a t  

d i r e c t i o n  a n d  e x t e n t  are p r e p a r e d  i n  a n  i d e n t i c a l  f a s h i o n ,  

Blthoucrb t h e  time c o u r s e s  are s l i q h t l y  d i f f e r e n t  , t h e  p r o c e s s i n q  

pattern was very s i a i l a r  for b o t h  f e a t u r e s *  

The estimation o f  s t i e u l n s  i d e n t i f i c a t i o n  t i a e  and response 

ptepaaatiozn tiae proviaed some i n t e r e s t k n q  results, I f  t h e  loqic 

t h a t  went into the  experi inentaf .  p a f a d i g n  is c o n s i d e r e d  v a l i d ,  

t h e n  t h e  primary. co.inponent o f  the r e a c t i o n  t i a e  i s  t h e  s t i i n u l u s  

encoding process, Elstirrtates of t h i s  t i a e  were 202 lasec and 210 

rasec. f he r e s p o n s e  p r e p a r a t i o n  component of t h e  r e a c t i o n  t i a e  

was minimal (2 asec a n d  22 mselc) , Vhy woutld s t i m u l u s  

d d e n t  i f  %cation be t h e  B a j w  contpoaen t? I n  the e n  visorsoen t, 

stimli a r e  c o n s t a n t l y  changinq, I n  o r d e r  foz a person t o  

i n t e r a c t  s u c c e s s f u f l y  wi th  t h e  environrrtent, t h e  e v e r  changinq 

s t i a n l i  a u s t  be d e t e c t e d  and  properly i d e n t i f i e d .  IBproper  

c l a s s i f i c a t i o n s  result i n  a s i t u a t i o n  where t h e  person w i l l  

never respond  i n  an appropriate Banner, There fo re ,  s t i a u l u s  

i d e n t i f  & c a t i o n  is a n  i s p o r t a n t  coatponent i n  the r e s p o n s e  latency 

period,  

, The very  small es-tbaaates ( 2  rasec for extent; 22 asec for 

d i r e c t i o n )  of f e a t u r e  preparation t i ~ a  a r e  quite i n t e r e s t i n g  i n  



themse2  yes. They d e m o n s t r a t e  the samae d i f f e r e n t i a l  f e a t u r e  

p r e p a r a t i o n  effect found  i n  t h e  RT a n a l y s e s  (232 msec vs ,  224 

~stsec). These s i ~ i l a r  a n d  converging r e s u l t s  psovide a s t r o n q  

case for m t o r  programme c o n s t r u c t i o n  a s  a coraponent p r o c e s s ,  

A t  t h i s  t h e ,  it w i l l  be  u s e f u l  t o  e x p l a i n  one of t h e  aa-jor 

p r o b l s n s  w i t h  t h e  e x p e r i m e n t ,  The a e a n  B T * s  f o r  a p r e c u e  

d u r a t i o n  of 200 asec are t h e  first and  only points which 

approximate t h e  m a n  BT for the prepare b o t h  (no precue) 

condition ( P i q u z e  12 a n d  151, Another p r e c u e  d a r a a i o n  of 150 

ssec is n e c e s s a r y  ta s u b s t a n t i a t e  t h e  r e l i a b i l i t y  of t h e s e  

points, The s t i a u l u s  i d e n t i Z i c a t i o n  a n d  respoase  p r e p a r a t i o n  

e s t i~a t e s  are b a s e d  on t h e  a s s u m p t i o n  t h a t  mean R T t s  a t  t h e  200 

fsec pfecue d u r a t i o g  are n o t  d i f f e r e n t  fro& t h e  proqraa b o t h  

c o n d i f i o n ,  Frof the  t f s s l d  apparent in Fiqure  12 and 13, t h i s  

a s s n a p t i o n  s h o u l d  not  c a u s e  a aa jor prob lea .  



The p r e s e n t  r e s e a r c h  was d i r e c t e d  towards  q a i n i n g  a n  

u n d e r s t a a d i n q  of  t h e  motor proqsaaaaiaq process ,  I n  t h i s  c o n t e x t ,  

Bosenbaua (1981)) p r e s e n t e d  % h e  movearent precninq technigne  as a 

atethod for  s t u d y i n g  this process ,  fithin h i s  t h e o r e t i c a l  

Z r a e u o r k ,  B o s e n b a u ~  a t t e ~ p t s d  t o  explain t h e  a o t o r  p r o q r a a a e  

c o n s t r u c t i o n  p r o c e s s  b y  exa tn ina t ion  of f e a t u r e  p r e p a r a t i o n  

through l aanfpu la t ion  of  precnes, Hore s p e c i f i c a l l y ,  i t  was 

hypo thes ized  t h a t  motor psoqraames a r e  composed o f  components 

whSch may be i d e n t i f i e d  am3 examined (e.q,, d i r e c t i o n  

p r e p a r a t i o n )  . Accordinqly ,  proqraamfng c o u l d  be s t u d i e d  by  

s a n l g n l a t i o n  o f  t h e s e  coaponents ,  

The a o v e ~ e n t  p r e c u i n g  t e c h n i q u e  s t u d i e d  these component 

parts th rough  t h e  measurement of  r e a c t i o n  t i a e  based on t h e  

preaaise t h a t  d i f f e r e n t  aaour i t s  of p r e p a r a t i o n  shonld be  

reflected by RT chanqes.  U n f o r t u n a t e l y ,  Bosenbans f a i l e d  to 

a d e q u a t e l y  account f o r  a l l  t h e  non-sotor  c o a p o n e n t s  i n  h i s  

measureaen t s  (Goodman +5 Kelso, 1980; L a r i s h ,  3980).  T h e r e f o r e ,  

t h e  r e s u l t s  o b t a i n e d  b y  Rosenbaua aeed to be re-examined froet a 

dif Xerent perspec-tive. 8 c c o r d i n q l  y, a new t h e o r e % i c a l  f ra~ework, 

developed t hrouqh a v a r i a t i o n  o f  t h e  movement psec  uinq 

technique, was t h e  basis f o r  t h e  p r e s e n t  e x p e r i s e n t a t i o n ,  



A second  problera with khe mvament  p r e c a i n q  a p p r o a c h  

conce rned  Fitts' L a w  ( F i i t t s ,  $9541, The movewent precuinq 

t e c h n i q u e  n e c e s s i t a t e d  t h a t  a l l  movetitents be p a r f o r ~ e d  without 

a.$.sion. S i n c e  moveatent times are i a p o r t a n t  i n  t h e  e v a l u a t i o n  of 

r e s p o n s e  proqraniming r e s e a r c h  &err, 1978), t h e  r e l a t i o n s h i p  of 

HT t o  I D  p r e d i c t e d  by fitts* Law n e e d s  t o  be u n d e r s t o o d  for 

n o n - r b s u a l l ~  qu ided  ntovemeaCs. I n  e x e c a t i a g  a m v s a e n t ,  it is 

p o s s i b l e  fo r  the r e s p o n s e  t o  start  b e f o r e  it h a s  been c o ~ p l e t e l y  

p r e p a r e d  (Kerr, 1878) , In this c a s e ,  otovemerst c ~ m p l e t i o n  is 

under c losed-Poop c o n t r o l .  An a n a l y s i s  of B T t s ,  when the 

r e l a t i o n s h i p  of RT t o  I D  is k n o w ,  w i l l  r e v e a l  whether the 

movement was comple tea under c l o s e d - l o o p  c o n t r o l .  B x p e r i a e n t  1 

was d e s i q n e d  t o  d e t e r m i n e  what the HT-ID r e l a t i o n s h i p  may b e  

when vision is rentorred. A l ieear  r e l a t i o n s h i p  was found and used 

i n  the i n t e r p r e t a t i o n  of the WT a n a l y s e s  f s a  the second 

expe r imen t ,  

The major f u a c t i o n  of t h e  second  e x p e r i m e n t  was t o  examine 

t h e  motor prograsme c o n s t s u c i i o a  p r o c e s s  under  t h e  new 

t h e o r e k f c a l  p e r s p e c t i v e .  An a n a l y s i s  o f  BIT* s p r o v i d e d  results 

s i ~ i l a r  t o  those o f  Romnbaum 11 980) , El d i f f e r e n t i a l  p r o q r a a r i n q  

affect between d i r e c t i o n  and e x t e n t  was found a n d  t h e  r e a c t i o n  

times for d i r e c t i o n  p r e p a r a t i o n  were g r e a t e r  t h a n  t h o s e  for 

e x t e n t  p r e p a r a t i o n ,  The #T a n a l y s i s  d e m o n s t r a t e d  t h e  r e s u l t s  

e x p e c t e d  from t h e  r e l a t i o n s h i p  d i s c o v e r e d  i n  Experiment Ir 

Bovement S i a e s  were l o n q e r  f o r  r e s p o n s e s  t o  the d i s t a n t  t a r g e t s .  



AS suoh, r e s p o n s e  p r e p a r a t i o n  was c o l r p l e t e d  durixaq t h e  B'f a n d ' n a  

c l o s e d - l o o p  c o n t r o l  vas i nvo lved ,  

The  r e s u l t s  o f  the r e s p o n s e  psoqraosmainq analysis relate 

f a v o r a b l y  w i t h  those of c h o i c e  r e a c t i o n  t h e  r e s e a r c h .  B e q a u  

t1972) f o r  example,  c r e a t e d  a task where e x t e n t  a n d  d i r e c t i o n  

were v a r i e d ,  The  RP when d i r e c t i o n  w i t s  uncertain was l o n q e r  t h a n  

when e x h e n t  was neknown, S i ~ i l a r  r e s u l t s  were a l s o  found  by 

Beqaol and Arfnsitronq f t  974f, I n  a d d i t i o n ,  when b o t h  d i r e c t i o n  and  

e x t e n t  were unknown, BT yas n o  d i f f e r e n t  t h a n  t h e  direction 

u n c e r t a i n  c o n d i t i o n .  From t h e s e  r e s u l t s ,  Heqaw s u q q e s t e d  t h a t  

d i r e c t i o n .  was prepa red  before saor reen t  i n i t i a t i o n *  w h i l e ,  e x t e n t  

%as upda ted  or co lap le t ed  after the aovetaen-t had bequn, Clearly, 

% h e  p r e s e n t  r e s u l t s  h a v e  soiae h i s t o r i c a l  v a l i d i t y  a n d  c u r r e n t  

support i n  t h i s  s t u d y  a n d  its p r e d e c e s s o r s 8  

Hith  respect t o  the e s t i a a t i o a  of f e a t u r e  p r e p a r a t i o n  

titaes, a d i f f e r e n t i a l  effect similar t o  t h e  RT a n a l y s i s  was 

no ted ,  The p r e p a r a t i o n  "the f o r  extent ( 2  a s e c )  was apuch s h o r t e r  

than that of d i r e c t i o n  (22 asec). E s t i ~ a t e s  of t h i s  n a t u r e  h a v e  

never been  r e p o r t e d  before so co tapa r i son  t o  related l i t e r a t u r e  

c a n n o t  be iaade, Preparation time appears t o  account :  for 

a p p m r i m a t e l ~  five t o  t e n  p e r c e n t  of the to ta l  RT. T h i s  is a n  

e x t r e a e l y  i m p o r e n t  f i n d i n g .  Snail c h a n g e s  i n  RT, u n d e r  a 

response p r o g r a m i n g  paradiqta,  a re  r e f l e c t i v e  of v e r y  

chalages i n  t h e  a c t u a l  p r e p a r a t i o n  process! 3Cf RT is  the sole 

e e a s u r e  u s e d  i n  a response  proqraamiag  e x p e f i a e n t ,  the a c t u a l  



chawqes i n  

T h e r e f o r e ,  

the p r e p a r a t i o n  p r o c e s s  are 

past and  c u r r e n t  r e s e a r c h  rnrt 

u n d e r e s t i  nlr t e d  

st be c h a l l e a q e d  on t h i s  

aasfrinq effect. 

The q n e s t i m  of p a r a l l e l / s e r i a l  p r o c e s s i n q  o f  information 

was i n d i r e c t l y  tested when t h e  f e a t u r e  p r e p a r a t i o n  times were 

c a l a l a t e d ,  I f  t h e  p r e p a m t i o n  times had t u r a e d  o u t  to  be 
\ 

n e q a t i v e ,  se r ia l  p r o c e s s i n q  of i a f  o r a a t i o n  c o u l d  b e  d i s c o u n t e d .  

Partial s u p p o r t  f o r  ser ia l  p r o c e s a i a g  was g e n e r a t e d r  however ,  

when t h e  f e a t u r e  p r e p a r a t i o n  t iae fo r  d i r e c t i o n  t u r n e d  o u t  t o  be 

posititre, This f i n d i n g  is  i n  l i n e  with T h e i o s i  ( I  935) model a n d  

breakdown of serial processing. The s m P l  p r e p a r a t i o n  t h e  for 

e x t e n t  (2  asec) p r o v i d e d  tPinima1 t o  no  s u p p o r t  f o r  se r ia l  

p r o c e s s i n q ,  A two ssec d i f f e r e n c e  across s u b j e c t s  i n d i c a  t e d  t h a t  

i n d i v i d u a l  dif f e r e n c e s  were both p o s i t i r r e  a n d  neqati ve . Two 

i n t e r p r e t a t i o n s  s a y  be sad@ froa t h i s  r e s u l t ,  F i r s t ,  t h e  n e a r  

zero preparation time say h a v e  been c a u s e d  by parallel  

P Z O C ~ ? S S ~ ~ ~  of i n f o r e a t i o n ,  Since the body h a s  no  receptors for 

d i s t a n c e ,  a sore l i k e l y  e x p l a n a t i o n  is t h a t  e x t e n t  is  n o t  a 

psoqra l t l sab le  f e a t u r e ,  I n  e i t h e r  case, f u r t h e a  merearch i s  

n e c e s s a r y  t o  d e t e r e i n e  what the role of e x t e n t  is  i n  r e s p o n s e  

p r e p a r a t i o a ,  

O t h e r  r e s e a r c h e r s  have also improved t h e  p r e c u i n q  p a r a d i q s  

of Rosonbaua 47978, 1980), Goodman a n d  Kelso (1980) and L a r i s h  

I1QSO) f a i l e d  to f i n d  the d i f f e r e n t i a l  p roq rams inq  effects for 

d i r e c t i o n  and e x t e n t  r e p o r t e d  betel The f a i l a r e  t o  find t h i s  



effect caused  Gocraman and  Ke l so  (1980) t o  propose  t h a t  the 

p r e p a r a t i o n  of anotor r e s p o n s e s  canno t  b e  reduced i n t o  d i s t i n c t  

and s e p a r a t e  f ea t t r r e s ,  T h e i r  r e a s o n i n g  stems fsoep t h e  fact t h a t  

kineaatic f e a t n r e s  or srtermlly def  i n e d  ioveraemt p a r a a e t e c s  

(e,q,, arllt, d i r e c t i o n ,  and e x t e n t )  Bay be t o t a l l y  d i f f e r e n t  from 

the i n t e r n a l  va r iables  that affect t h e  a o t o r  s ystem, T h e t e f  ore, 

i n  terms of f e a t u r e  p r e p a r a t i o n  and  e x t e r n a l l y  d e f i n e d  

paramters, the s e p a r a t i o n  of a nowement i n t o  its conponeak 

parts is  a n  approach  whose v a l i d i t y  must be q u e s t i o n e d .  

T h i s  view of t h e  r e s p o n s e  p r e p a r a t i o n  p r o c e s s  is similar t o  

t h e  beliefs e x p r e s s e d  b y  Gibson ( 1 966) . Gibson p e r c e i v e d  the 

s e n s e s  to be " p e r c e p t u a l  systems* whose i n d i v f  d u a l  Tnnc t i o n i n g  

could n o t  b e  d i scesned .  T h i s  approach h a s  often been terlaed 

'"uhobistic~ s i n c e  t h e  o v e r a l l  spsteaa c a n n o t  be reduced k o  the 

coiapolaent prtscesses,  The p o s i t i o n  expressed b y  Goodntan and Kelso 

( i n  press) is e x t r e a e l y  d i v e r q e n t  from t h e  views a a i n t a i m d  by 

aost r e s e a r c h e r s ,  converg ing  r e s e a r c h  b y  a v a r i e t y  of 

i n v e s t i g a t o r s :  fe, q, , Klapp, 1976, 1973; Sftaf f e r ,  1918; S i e g e l ,  

1977) has deronstsated t h a t  l l tove~ent  p a r a a e t e r s  d o  affect  

r e s p o n s e  p r e p a r a t i o n ;  t h e  present f i n d i n g s  s u p p o r t  t h e  component 

appzoaeh, Bccordinqly,  how can these diffesiaq results be 

e x p h i f l e d ?  

A s o l u t i o n  t o  t h e  d i f f e c i n q  t h e o r e t i c a l  p o s i t i o n s  nay  be 

foQnd i n  the e x p e r i m e n t a l  procedures, U n t i l  now, i n r e s t i q a t o s s  

e a p l o g i n q  the psecuing techa36que have fa t l i ed  t o  r e c u q n i z e  t h e  



concept of  p r e c u e  d u r a t i o n ,  T h e r e  h a s  been a o  s y s t e m a t i c  

i n v e s t i g a t i o n  of t h e  effects of c o n s t a n t  p r e c u e  d u r a t i o n s  o n  

response p r e p a r a t i o n  time, a h e n  p r e c u e  d a r a t i o n  r e m a i n s  

r e l a t i v e l y  c o n s t a n t ,  s u b j e c t s  a n t i c i p a t e  t h e  o n s e t  of the 

e x e c u t i o n  s t i s l u l u s ,  D i f f e r e n t i a l  f e a t u r e  p r e p a r a t i o n  e f f e c t s  ttlay 

be missed d u e  to t B e  lowered r e a c t i o n  t i ae s ,  Ano the r  p r o b l e a  h a s  

b e a  the l e n q t h  of precue d u r a t i o n ,  Klapp (1976) proposed  t h a t  

s h o r t - t e r m  a e a o r y  i s  t h e  r e s p o n s e  p r e p a r a t i o n  state, I f  s u b j e c t s  

are r e q u f r e d  t o  n w a i t  on* t h e  execution s t i a u l u s  for  an e x t e n d e d  

pe r iod  0 4  the, t h e  v a l u e  of t h e  advance  inforaation a a y  be lost 

t h r o u g h  d e c a y  (Pepper  t; Herlaan, 1970; S t e l e a c h  I Kelso, 1975), 

Althouqh t h i s  has never k e n  e m p i r i c a l f y  t e s t e d ,  RTts  are 

hygathes i reed  t o  be elevated b e c a u s e  t h o  precued  f e a t u r e  r u s t  

also be p r e p a r e d  d n r i n q  the l a t e n c ~ # p e r i o d .  Bqain ,  t h i s  n o t i o n  

is coaga t a l e  u i t h  Kla pp s raeesory a08el of r e s p o n s e  proqralaming, 

Althcbuqb the theore t ica l  p o s i t i o n s  on r e s p o n s e  p r e p a r a t i o n  

still reguise c l a r i f i c a t i o n ,  t h e  practical i l a p l i c a  t i o n s  of t h i s  

line of r e s e a r c h  a r e  n o t  obscure: If r e s p o n s e  p r e p a r a t i o n  is a 

cortlgonent p r o c e s s  a s  the r e s u l t s  have i a p l i e d ,  t h e n  kinetaa-tic 

features which are proqramlzable become i n c r e a s i n q l  y i spof t aa t  i n  

t h e  area of eotos skill i n s t r u c t i o n ,  T h e r e f o r e ,  f u t u r e  r e s e a r c h  

s h o u l d  b e  d i r e c t e d  toward discovering t h e  role  of o t h e r  

k i n e m a t i c  f e a t u r e s  (e, q, , v e l o c i t y ,  force) i n  r e s p o n s e  

p r e p a r a t i o n s L  With this knowledge, t h e  p r a c t i t i o n e r  may direct 

t h e  p e r f o r n e r *  s a t t e n t i o n  t o  t h e  r e l e v e n t  f e a t u r e s  of a 



ba l l i s t i c  soweraent. 

I n  sumntary, the p r e s e n t  e x p e r i m e n t a t i o n  f o u n d  s t i ~ u l u s  

i d e n t i f i c a t i o n  t o  be a major cosiponent  of response l a t e n c y ,  

Response  p r e p a r a t i o n  time, on the o t h e r  hand, i s  a minor  p a r t  of 

t h e  t o t a l  r e a c t i o n  time, F r o n  a response proqraaminq  

p e r s p e c t i v e ,  a d i f f e r e n t i a l  f e a t u r e  preparation effect was found 

(i,e,, direction t o o t  longer to prepare than  e x t e n t ) .  The 

f e a t u r e  pxepara i t ion  tigie estienates etirrored t h i s  d i f f e r e n t i a l .  

effect, In terms of p a r a l l & / s e r i a l  process inq,  p a r t i a l  s a p p o r t  
I 

uas generated for t h e  serial  process inq  of i n f o r e a t i o n .  

I n  t h e  future, s p e c i a l  c o n s i d e r a t i o n  s h o u l d  be q i v e a  t o  the 

concept of precm d u r a t i o n ,  B y  so doinq ,  t h e  role of ixleiaory i n  

r e s p o n s e  p r o g r a a a i n g  may ;be e l u c i d a t e d ,  Xf s h o r t - t e r m  meaory is 

the r e s p o n s e  p r e p a r a t i o n  state, s y s t e r a a t i c  v a r i a t i o n  of precue  

d u r a t i o n ,  i n  c o n j u n c t i o n  w i t h  other mentory v a r i a b l e s ,  ega y 

demo~strate RT effects siiuilar to t h e  properties o f  s h o r t - t e r m  

- 
Beaory f o r  mveitieat ,  F u r t h e r ,  a d d i t i o n a l  studies need t o  be done  

on t h e  * * w h o l i s t i c "  issue r e q a r d i n q  proqramming. 0 veraf 1, the 

p r e c u i n q  technique a p p e a r s  t o  be a  power fu l  tool  that n e e d s  

ref ineaent and careful i s p l e a e n t a  t i o n .  
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APPENDIX A - 1  

E r r o r  Rates  f o r  Experiment 1 

Learning T r i a l s  7 . 3  

Test  T r i a l s  5 . 1  
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APPENDIX A-2 I 
1 

Mean movement t i m e s  (msec)  f o r  Expe r imen t  1 
1 

1 

ID 

S u b j e c t  1 352 444 610 

S u b j e c t  2 301 360 368 

S u b j e c t  3 372 403 448 

S u b j e c t  4 428 484 541 

S u b j e c t  5 347 394 446 

S u b j e c t  6 339 515 548 

S u b j e c t  7 397 570 586 

S u b j e c t  8 351 461 . 551 

S u b j e c t  9 388 487 565 



APPENDIX B - 1  

Mean Response P r e p a r a t i o n  Times ( P i l o t  Data) 

Prepare  Extent  , , 

Prepare  D i r e c t i o n  



APPENDIX B-2 

Overall MT Analysis of Variance Table: Experiment 2 

Distance Precued 
? 

Source of variance Sum of Squares DF Mean Square 

MEAN 1 9 2 2 0 9 5 . 0 0  1 1 9 2 2 0 9 5 . 0 0  
S 1 9 8 3 2 . 8 0  7  2 3 3 3 . 2 6  
P 4 1 5 8 9 . 9 5  1 4 1 5 8 9 . 9 5  
D 9 5 9 9 . 6 0  1 9 5 9 9 . 6 0  
F ' 1 0 4 2 . 9 8  9  1 1 5 . 8 8  
SP 5 6 3 . 4 4  7 8 0 . 4 9  
SD 1 5 9 1 . 6 9  7  2 2 7 . 3 9  

PF 
DF 
SPD 
SPF 
SDF 
PDF 
SPDF ' 

S = Subjects, P = Presentation Letter, D = Direction, 
F = Precue Duration 



APPENDIX B-3 

Overall MT Analysis of Variance Table: Experiment 2 

\ \ 

Direction Py,ecued 
Y 

Source of Variance Sum of Squares DF Mean Square F 

MEAN 1810130.00 1 1810130.00 636.47 
S 19908.00 7 2344.00 
P 20960.21 1 20960.21 39.57 
E 71714.56 1 71714.56 471.61 
F 2672.82 9 296.98 3.77 
SP 3707.52 7 529.65 
SE 1064.44 7 152.06 
PE 102.13 1 102.13 0.46 
SF 4960.21 63 73.73 
PF 1151.81 9 129.09 3.07 
EF 208.68 9 23.19 0.51 
SPE 1531.03 7 218.71 
SPF 2643.03 63 41.95 
SEF 2854.21 63 45.30 
PEF 3'50. 81 9 38.97 1.45 
SPEF 1692.58 6 3 26.86 

S = Subjects, P = Presentation Letter, E = Extent, 
F = Precue Duration 



APPENDIX B-4 

MT Analysis of Variance Table: Experiment 2 

Distance Precued 

Precue Durations - 700, 750, 800 

Source of Variance Sum of Squares DF Mean Square F 

MEAN 
S 
P 
D 
F 
SP 
S D  
PD 
SF 
PF 
DF 
SPD 
SPF 
SDF 
PDF 
SPDF 

S = Subjects, P = Presentation Letter, D = Direction, 
F = Replicates 



APPENDIX B-5 
P 

MT Analysis of Variance Table: Experiment 2 

Direction Precued 

Precue Durations - 700, 750, 800 

Source of Variance Sum of Squares DF Mean Square 

It1 EAN 520974.6 1 520974.6 
S 

340.98 
10694.92 7 1527.84 

P 5870.29 1 5870.29 
E 

38.97 
21867.71 1 21867.71 

F 
389.07 

39.29 
SP 

2 19.64 1.06 
1054.35 7 150.62 

SE 393.43 7 
PE 

56.20 
24;59 1 24.59 0.27 

S F  257.77 14 
PF 

18.41 
17.35 2 

EF 
8.67 0.20 

38.35 2 19.17 0.71 
SPE 624.27 7 
SPF 

89.18 
590.39 1 14 

SEF 
42.17 

373.58 14 
PEF 

26.68 
97.46 2 48.73 2.39 

SPEF 285 .19 14 20.37 

S = Subjects, P = Presentation,Letter, E = Extent, 
F = Replicates 
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APPENDIX B-6 

RT A n a l y s i s  o f  Var iance  Tab l e :  Experiment 2  

F e a t u r e  D i f f e r e n c e s  

Source  of Var iance  Sum of Squares  DF Mean Square F 

MEAN 9 1 0 9 4 5 4 . 0 0  1 9 1 0 9 4 5 4 . 0 0  8 9 0 . 0 0  
S 7 1 6 4 7 . 1 9  7  1 0 2 3 5 . 3 1  
P 6 4 6 0 . 0 2  1 6 4 6 0 . 0 3  
T 

1 1 . 5 8  
9 7 4 . 6 8  3  3 2 4 . 8 9  0 . 5 3  

R 1 3 1 3 . 5 1  - 2  6 5 6 . 7 5  3 . 1 1  
SP 3 9 0 3 . 6 6  7  5 5 7 . 6 6  
ST 1 2 7 6 4 . 5 0  2 1  6 0 7 . 8 3  
PT 356-5.48 3  1 1 8 8 . 4 9  2 . 2 7  
SR - 2 9 5 3 . 6 0  1 4  2 1 0 . 9 7  
PR 3 6 . 3 4  2 1 8 . 1 7  0 . 1 0  
TR 6 1 2 . 1 2  6  1 0 2 . 0 2  0 . 8 7  
SPT 1 0 9 6 5 . 2 6  2  1 5 2 2 . 1 5  
SPR 2 5 1 0 . 9 0  1 4  1 7 9 . 3 5  
STR 4 8 9 2 . 1 8  42  1 1 6 . 4 8  
PTR 1 2 6 3 . 8 3  6  2 1 0 . 6 3  1 . 6 3  
SPTR 5 4 1 9 . 0 9  4  2  1 2 9 . 0 2  

S = S u b j e c t s ,  P = Prepared  F e a t u r e ,  T = T a r g e t ,  
R = R e p l i c a t e  . 



RT Analysis of Variance Table: Experiment 2  

Distance Precued 

Precue Durations - 7 0 0 .  7 5 0 ,  8 0 0  

Source of Variance Sum of Squares DF Mean Square F 

MEAN 4 8 0 0 5 4 6 . 0 0  1 4 8 0 0 5 4 6 . 0 0  
S 2 9 9 6 6 . 9 5  7  2 9 9 6 6 . 9 5  
P 1 4 9 6 . 2 2  1 1 4 9 6 . 2 2  4 . 6 2  
D 9 6 . 8 0  1 9 6 . 8 0  0 . 0 8  
T 8 7 9 . 0 6  ' 2  4 3 9 . 5 3  3 . 5 8  
SP 2 2 6 6 . 7 6  7  3 2 3 . 8 2  
SD 7 9 1 8 . 1 2  7  1 1 3 1 . 1 6  
PD r0. 8 8  1 .  0 . 8 8  0 . 0 1  
ST - 1 7 1 5 . 0 4  1 4  1 2 2 . 5 0  
PT 2 1 3 . 2 9  2  1 0 6 . 6 4  0 . 7 0  
DT 2 2 5 . 3 8  2  1 1 2 . 6 9  1 . 0 7  
SPD 5 3 0 . 6 3  7 7 5 . 8 0  
SPT 2 1 2 3 . 3 6  1 4  1 5 1 . 6 6  
SDT 1 4 6 2 . 4 9  1 4  1 0 4 . 4 6  
PDT 1 1 7 9 . 9 8  2  5 8 9 . 9 9  2 . 6 3  
SPDT 3 1 3 1 . 5 0  1 4  2 2 3 . 6 7  

S = Subjects, P = Presentation Letter, D = Direction, 
T = Replicates 



APPENDIX B-8 

RT Analysis of Variance Table: Experiment 2 

Direction Precued 

Precue Durations - 700, 750, 800 

Source of Variance Sum of Squares DF Mean Square F 

MEAN 4315376.00 1 4315376.00 662.68 
S 45583.91 7 6511.98 
P 526.88 1 526.88 0.49 
E 1487.60 1 1487.60 2.12 
T 470.80 2 235.40 0.87 
SP 7404.33 7 1057.76 
SE 4895.81 7 699.40 
PE 931.76 1 931.76 9.13 
ST ' 3749.61 14 267.82 
PT 79.02 2 39.51 0.52 
ET 174.04 2 87.02 1.14 
SPE 714.27 7 102.03 
SPT 1056.33 14 75.45 
SET 1060.44 14 35.74 
PET 4.22 2 2.11 0.02 
SPET 1478.77 14 105.62 

S = Subjects, P = Presentation Letter, E = Extent, 
T = Replicates 



APPENDIX B-9 

O v e r a l l  RT A n a l y s i s  o f  V a r i a n c e  T a b l e :  Expe r imen t  2  

D i s t a n c e  P r e c u e d  

Source  of  V a r i a n c e  Sum of S q u a r e s  DF Mean S q u a r e  F 

MEAN 1 7 9 8 8 2 2 0 . 0 0  1 1 7 9 8 8 2 2 0 . 0 0  
S 3 0 0 4 1 . 2 7  7  3 0 0 4 1 . 2 7  ' 

P 5 6 2 3 . 2 6  1 5 6 2 3 . 2 6  6 . 1 9  
D 5 4 . 2 7  1 5 4 . 2 7  0 . 0 2  
F 6 5 2 3 5 . 0 0  9  7 2 4 8 . 3 3  6 . 5 8  
SP 6 3 4 9  . 6-4 7  9 0 7 . 0 9  
S D  1 8 0 6 0 . 7 7  7  2 5 8 0 . 1 0  
PD 7 3 8 . 6 9  1 7 3 8 . 6 9  2 . 6 2  
SF ' 693-42.63  6 3  1 1 0 0 . 6 7  
PF 2 2 5 2 . 4 3  9  2 5 0 . 2 7  2 . 4 0  
DF 8 3 0 . 8 1  9  9 2 . 3 1  0,. 3 9  
SPD 1 9 7 2 . 1 6  7  2 8 1 . 7 3  
SPF 6 5 4 5 . 7 5  6 3  1 0 3 . 9 0  
SDF 1 4 7 3 8 . 7 5  6 3  2 3 3 . 9 4  
PDF 1 9 2 7 . 9 3  9  2 1 4 . 2 1  1 . 3 8  
SPDF 9 7 1 2 . 4 6  6 3  1 5 4 . 1 6  

S = S u b j e c t s ,  P  = P r e s e n t a t i o n  L e t t e r ,  D = D i r e c t i o n ,  
F = P r e c u e  D u r a t i o n  



APPEND'IX B-10 

Overall RT Analysis of Variance Table: Experiment 2 

Direction Precued 

Source of Variance Sum of Squares DF Mean Square F 

MEAN 
S 
P 
E 
F 
SP 
SE 
P E  
SF 
PF 
EF 
SPE 
SPF 
SEF 
PEF 
SPEF 

S = Subjects, P = Presentation Letter, E = Extent, 
F = Precue Duration 


