
CHAPTER 5 

GEN ERAL DISCUSSION AND CONCLUSIONS 

The p r e s e n t  s tudy d e a l s  mainly with t h e  role o f  

v i s u a l  r e f e r e n c e  system, feedback, and t a s k  complexity i n  

shor t - term memory o f  vo luntary  p r e s e l e c t e d  and cons t r a ined  

movements. E f f o r t s  were concen t r a t ed  to a s c e r t a i n  a s  to 

how t h e s e  v a r i a b l e s  c o n t r i b u t e  to t h e  coding, s to rage .  and 

r e t r i e v a l  o f  motor response. The e f f e c t  o f  movement cues, 

t a r g e t  l e n g t h  i n  memory of movement have a l s o  been 

i n v e s t i g a t e d .  

I n  t h i s  connection,  3 experiments have  been conducted. 

Experiment I p r i m a r i l y  d e a l s  wi th  t h e  r o l e  o f  preselected 

and c o n s t r a i n e d  movements under  a c t i v e  and p a s s i v e  modes o f  

movement i n  reproduct ion  o f  l o c a t i o n  and d i s t a n c e  cues,  and 

s h o r t  and long  s e c t o r s .  

I n  Experiment 11, an at tempt  h a s  been made to 

a s c e r t a i n  t h e  role of  feedback i n  motor l e a r n i n g .  

I n  Experiment 111, t h e  e f f e c t  o f  response a m p 1  ex i ty  

on short- term recall o f  a  l i n e a r  movement h a s  been 

i n v e s t i g a t e d .  



The r e s u l t s  emerged from a l l  t h e  3 experiments show 

t h a t  t h e  ro l e  of  v isual  reference system, feedback 

condit ions,  and task  complexity have d i f f e r e n t  e f f e c t s  in 

t h e  processing, s torage,  and r e t r i e v a l  of movement information, 

t a r g e t  length,  and prese lec t ion f o r  t h e  t w  groups, i.e., 

bl ind,  and sighted. 

The r e s u l t s  obtained in the 3 experiments a r e  discussed 

i n  t h e  following sect ions.  

5.1 MOVEMENT CUES 

A simple voluntary movement involves tw,  types o f  cues, 

v iz . ,  loca t ion  and distance.  It has been suggested t h a t  

l oca t i on  i n foma t ion  is coded in  motor perceptual reference. 

system, i.e., i n  t e n s  of muscles, j o in t s ,  and receptors. 

The r e s u l t s  obta ined in AE, VE. and CE ana lys i s  of 

Experiment I show t h a t  loca t ion  information is b e t t e r  

re ta ined **an d i s tance  Information. Moreover, locat ion 

information show less v a r i a b i l i t y  across mode o f  movement, 

i. e., a c t i v e  and,pasaive, and a l s o  across  prese lec t ion.  i. e., 

prese lec ted  and constrained conditions. ~ i e w e r t ~ ~  reported 

t h a t  locat ion cue i s  more p rec i s e ly  coded than dis tance  cue. 

H i s  var iable  erro,r ana lys i s  and in te r fe rence  t asks  revealed . 
t h a t  locat ion cue i s  coded i n t o  an in tegra ted  s t o r e  based 

on vision and k ines thes i s .  Better re ten t ion  o f  loca t ion  

cue than d i s tance  cue have a l so  been reported by Laabs, 64 

H e n e l i n  and 0 ' connor," ~ 0 0 1 ~ ~  and ~ a t h a k .  93 



In  t h e  main a n a l y s i s  o f  Experiment I, informat ion x 

s e c t o r  i n t e r a c t i o n  e f f e c t  i s  s i g n i f i c a n t .  Th i s  i n t e r a c t i o n  

i s  s i g n i f i c a n t  f o r  a l l  t h e  t h r e e  error a n a l y s i s .  Th i s  

r e s u l t  shows t h a t  short movement has  b e t t e r  r e p r e s e n t a t i o n  

i n  memory probably  due to t h e  involvement o f  s p a t i a l  cue 

i n  it. Stelmach and ~ c ~ r a c k e n ~ ~  r epo r t ed  t h a t  l o c a t i o n  and 

d i s t a n c e  in format ions  a r e  in te rdependent  and coding o f  

d i s t a n c e  depends upon t h e  r e l a t i v e  involvement o f  the tui 

informat ions  a v a i l a b l e  i n  a  movement s i t u a t i o n .  S imi l a r  t o  

this Summer, sommer, Sharp, Levey, and Murrayg9 r e p o r t e d  

t h a t  k i n e s t h e t i c  cues from t h e  c r i t e r i o n  movement a r e  

r ende red  d i f f i c u l t  t o  d i r e c t l y  u s e  f o r  reproduct ion purposes.  

In  such c o n d i t i o n s  t h e  r e c a l l  o f  movement is based on an 

a b s t r a c t  movement code. 

Wy, 'O 'tiemel i n  and 0 '   on nor" r epo r t ed  t h a t  d i s t a n c e  

cue  i s  coded i n  noc-motor p e r c e p t u a l  r e f e r e n c e  system, i. e., 

v i s i o n .  ~ 0 0 1 ~ ~  compared the performance o f  b l i n d  and s i g h t e d  

s u b j e c t s  on l i n e a r  response. H e  found t h a t  t h e  r e c a l l  

accuracy o f  t h e  b l i n d  group was poore r  than  t h e  s i g h t e d  

group on d i s t a n c e  t a s k .  H e  a l s o  suggested t h a t  the d i s t a n c e  

informat ion i s  coded i n  v i s u a l  terms.  b w e v e r ,  he  did n o t  

deny t h e  s u p p o r t i v e  role o f  k i n e s t h e t i c  system i n  movement 

coding. 



5 . 2  P-CTIVE AND PASSIVE MOVEMENTS 

In Experiment I, movement was presented e i t h e r  in  

a c t i v e  mode o r  i n  pass ive  mode t o  f ind  ou t  a s  t o  how t h e  

r e s u l t i n g  ef ference  from a c t i v e  movement f a c i l i t a t e s  the 

coding o f  movement. 

Main ana lys i s  and subsequent simple main e f f e c t s  

analyses show t h a t  a c t i v e  movement is b e t t e r  reproduced 

and l e s s  va r i ab l e  than pass ive  movement. In experiment I, 

movement information is  a l so  manipulated under a c t i v e  and 

pass ive  modes of  movement f o r  t h e  b l ind  and sighted groups. 

A l l  the three (i. e . ,  GE, VE and CE) e r r o r  ana lys i s  show 

t h a t  t h e  r e c a l l  accuracy o f  t h e  former group was more 

a f f ec t ed  i n  t h e  absence of  d i r e c t  sensory information from 

t h e  moving limb, while the l a t t e r  group makes e f f e c t i v e  u s e  

o f  v isual  imagery i n  t he  absence o f  sensory information f o r  

t h e  coding of  movement. - 

The groups x modes o f  movement x sec to r s  in te rac t ion  

e f f e c t  showsthat t h e  e r r o r  o f  t h e  two groups increased with 

. increase  i n  t a r g e t  length i r r e spec t i ve  of modes of  movement 

presenta t ion .  bwever,  r e c a l l  accuracy of  the sighted 

group is  b e t t e r  i n  shor t  s e c t o r  than long sector under both 

a c t i v e  and pass ive  modes of movement. The r e c a l l  accuracy 

o f  t h e  b l i nd  group increased i n  pass ive  long movement a s  

compared ta a c t i v e  long movement. 



These r e s u l t s  suggest: high re l i ance  of t h e  b l ind  

sub jec t s  on k i n e s t h e t i c  modality f o r  movement coding which 
58 decays a s  a  funct ion o f  time. Posner compared visual  

l oca t i on  and k ines the t i c  distance.  He reported t h a t  v isual  

l oca t i on  is b e t t e r  repmduced than k ines the t i c  distance.  

Marteniuk,   ones, Kool and ~ a t h a k , ' ~  and Stelmach 

and Kelso, 'lo a l so  reported t h a t  a c t i v e  movement is b e t t e r  

reproduced than pass ive  movement. Active movement is more 

a t t en t i on  demanding by na ture  than pass ive  movement. 68 

5.3 SECTORS 

Effect  of movement length has  a lso  been noted i n  short-  

term memory of movement. Movement length has  been recognized 

a s  one of t h e  important va r iab le  which con t r ibu tes  i n  m&ry 

o f  movement. Studies have shom t h a t  t h e  tw movement sec tors .  

i . e . ,  shor t  o r  long d i f f e r  i n  t h e i r  retention cha rac t e r i s t i c s .  

I t  has  been reported t h a t  sho r t  movement is more precise ly  

coded than long movement. 

In a l l  t h e  t h r e e  experiments, it has been dound t h a t  

s h o r t  movement i s  more p rec i se ly  coded than long ones. It 

has  a l so  been noted i n  t h e  CE ana lys i s  of s ec to r s  i n  

Experiments I, 11, and I11 t h a t  shor t  movements a r e  

invariably overshot  and long movements a r e  undershot. 



. S i m i l a r  r e s u l t s  have been repor ted  i n  almost  a l l  t h e  

s t u d i e s  r e l a t e d  t o  shor t - term r e c a l l  o f  movanents. Over- 

e s t ima t ion  and underes t imat ion  of motor response has  been 

a s ses sed  by CE a n c l y s i s  and t h i s  e f f e c t  has  been termed a s  

' c e n t r a l  tendency e f f e c t '  64'114 o r  ' range e f f e c t ' .  53,115 

CE r e s u l t  o f  a l l  t h e  3 experiments suppor t  t h e  no t ion  

of ' c e n t r a l  tendency '  o r  ' r ange  e f f e c t '  . 
 la^^^^^ repor t ed  t h a t  short movements a r e  c e n t r a l l y  

represen ted ,  wh i l e  l o n g  movements a r e  under feedback c o n t r o l .  

ROY and   el so^^ repor t ed  t h a t  both l o c a t i o n  and 

d i s t a n c e  p rov ide  equa l ly  p r e c i s e  informat ion a t  s h o r t  t a r g e t s ,  

b u t  l o c a t i o n  is  m o r e  p r e c i s e  than  d i s t a n c e  a t  t h e  long  

t a r g e t s .  The  r e s u l t s  o f  Experiments I ,  11, and 111 show 

t h a t  a t  s h o r t  t a r g e t s  t h e  s i g h t e d  s u b j e c t s  d i d  d e r i v e  

suppor t  from v i s u a l  r e f e r e n c e  s y s t e m  i n  t h e  process ing  o f  

l o c a t i o n .  This  conclusion is  f u r t h e r  supported i n  the 

groups x  s e c t o r s  i n t e r a c t i o n  e f f e c t  which is s i g n i f i c a n t  

i n  Experiments I, 11, and 111. 

5 .4  PRESELECTION 

P r e s e l e c t i o n  is  a  common v a r i a b l e  i n  Experiments I 

and 11. In  both t h e s e  experiments,  it has  been one  o f  t h e  

major  t h r u s t ~ t o  examine a s  t o  how v i s u a l  r e f e r e n c e  system 

h e l p s  ir. t h e  p m c e s s i n g ,  coding,  and s t o r a g e  o f  vo luntary  

p r e s e l e c t e d  movment. a s u l t s  o f  Experiments I and I1 show 



t h a t  p r e s e l e c t e d  movement h a s  b e t t e r  access  to  c e n t r a l  store 

o f  manory and i t  is more p r e c i s e l y  coded w i t h  t h e  he lp  o f  

v i s u a l  imagery. 

In EXperiments I and 11, t h e  groups x p r e s e l e c t i o n  

e f f e c t  h a s  been found s i g n i f i c a n t .  In Experiment I t h i s  

i n t e r a c t i o n  e f f e c t  is s i g n i f i c a n t  f o r  CE a n a l y s i s  while i n  

Experiment 11 it is  s i g n i f i c a n t  f o r  VE a n a l y s i s .  In s imple  

main e f f e c t s  a n a l y s i s  t h i s  i n t e r a c t i o n  e f f e c t  emerged 

s i g n i f i c a n t  f o r  all t h e  three response measures, i .e . ,  AE, 

VE and CE. 

There are s e v e r a l  e x p l a n a t l o r e t o  t h e  s u p e r i o r  recall 

o f  p r e s e l e c t e d  movements. These views may be  ca t egor i sed  as 

motor view and c o g n i t i v e  view. Jones  95'100 suggested that 

t h e  s u p e r i o r  r e c a l l  o f  p r e s e l e c t e d  movements i s  due t o  t h e  

c e n t r a l  monitoring o f  e f f e rence ,bu t  this view i s  no more 

accep tab le  t o  o the r s .  Stelmach, Kel s o  and Wallace 9 4 

r epor t ed  t h a t  p r e s e l e c t i o n  f u n c t i o n s  a r e  a c o r o l l a r y  

d i scha rge  mechanism. In a comparative s tudy  o f  a c t i v e  and 

p a s s i v e  d i s t ance ,  by8' no ted  t h a t  the r e c a l l  accuracy o f  

a c t i v e  and p a s s i v e  d i s t a n c e  do no t  d i f f e r  s i g n i f i c a n t l y  i n  

p r e s e l e c t e d  condi t ion .  He suggested t h a t  r a t h e r  than 

e f fe rence ,  p r i o r  information a b u t  the te rmina t ion  o f  

movement is an important d e t e m i n a n t  o f  p r e c i s i o n  i n  

p r e s e l e c t e d  condi t ion .  Toy's 80 explana t ion  o f  p r e s e l e c t i o n  

d i f f e r s  from  ones,'^ stelmach, Kelso and Wallace. 9 4 



In Experiment I it i s  noted  t h a t  b l i n d  s u b j e c t s  f a i l e d  

t o  u t i l i z e  t h e  f a c i l i t y  o f  p r e s e l e c t i o n  i n  memory of  movement 

a s  compared t o  t h e  s i g h t e d  sub jec t s .  This f i n d i n g  sugges ts  

t h a t  p r e s e l e c t i o n  can be e f f e c t i v e l y  u t i l i z e d  only with t h e  

a v a i l a b i l i t y  o f  v i s u a l  imagery. s i m i l a r  r e s u l t s  have been 

repor ted  by singh. 39 

5.5 FEEDBACK 

b l e  o f  feedback has  been noted i n  short-term memory 

o f  movement. stelmach 12' repor t ed  t h a t  k i n e s t h e t i c  feedback 

i s  more use fu l  f o r  l o n g  movements a s  compared to short 

movements. A mul t i tude  of s t u d i e s  have r epor t ed  t h e  

f a c i l i t a t o r y  r o l e  of  feedback i n  motor 

m a r y .  14.23.27,122,123.124,212 

I n  Experiment 11. it has  been noted t h a t  augmented 

feedback condi t ion  f a c i l i t a t e s  l ea rn ing  and pe r f  onnance. 

One o f  t h e  most i n t e r e s t i n g  f ind ing  of  Experiment 11 is 

groups x feedback i n t e r a c t i o n  e f f e c t  which is s i g n i f i c a n t  

f o r  AE and CE.Perfonnance o f  t h e  b l i n d  group, is  be t te r :  i n  

augmented feedback condi t ion.  I t  was adversely a f f e c t e d  i n  

a t t enua ted  feedback condi t ion .  Prnong a l l  feedback channels. 

r o l e  o f  v is ion  has  been found most important.  Studies  have 

shown t h a t ,  v i s u a l  modali ty p l a y s  an important r o l e  than 

o t h e r  sensory system i n  the e f f e c t i v e  processing.  s t o r a g e  

and r e t r i e v a l  o f  m t o r  response. Adams, Marshall and 

@etz2? manipulated A, P, and V feedback channels. They 



r epor t ed  t h a t  v i s i m  has  a more f a c i l i t a t o r y  rule i n  memory 

o f  movement than o t h e r  sensory modality. S imi la r  f indings  

have been repor ted  by o t h e r s  a l so .  58,124 

5 . 6  TASK COMPLEXITY 

Each parameter o f  a movement has  d i f f e r e n t  r e t en t ion  

p r o p e r t i e s .  Henry and b g e r s 2 3 0  repor ted  . tha t  t a r g e t  l eng th  is  01 

o f  t h e  important  parameter o f  a motor t a s k .  By increas ing  

t h e  movement length ,  t a sk  complexity can be r a i sed .  

I n  Experiment 111, it has  been found t h a t  t h e  m o b r  

response p e r f o n e d  i n  hor i zon ta l  p l ane  is b e t t e r  

reproduced by both b l i n d  and s ighted.  A movement which was 

s a m e  during both c r i t e r i o n  l e a r n i n g  and reproduct ion shows 

b e t t e r  reproduction i n  memory. RE a n a l y s i s  show t h a t  the  

b l i n d  group could n o t  de r ive  suppor t  from k i n e s t h e t i c  system 

i n  l e a r n i n g  the movement which d i f f e r  i n  c r i t e r i o n  and 

repmduct ion ,whi le  t h e  s igh ted  group is found c l e a r l y  s u p e r i o r  

t o  t h e  b l i n d  group i n  a l l  experimental condi t ions  except in  

hor izonta l -hor i  zontal  experimental condi t ion.  This  r e s u l t  

sugges ts  t h a t  f o r  e f f e c t i v e  u s e  o f  k i n e s t h e t i c  system. t h e  

a v a i l a b i l i t y  o f  v i s u a l  r e fe rence  system i s  necessary.  I t  

is  suggested h e r e ,  t h a t  v i s i o n  p lays  an important  r o l e  even 

i n  t h e  recording o f  complex movement. lkwever, k i n e s t h e t i c  

system p e r f o m s  a suppor t ive  r o l e  f o r  e f f e c t i v e  u t i l i z a t i o n  

o f  v i sua l  r e fe rence  system. 



The r e s u l t s  of a l l  t h e  3 experiments p r e s e n t  a coherent  

view,suggasting t h a t  t h e  v i s u a l  r e fe rence  system play 

very c r u c i a l  and s i g n i f i c a n t  r o l e  in memory o f  movement. 

rale o f  feedback i n  motor l e a r n i n g  i s  not  denied.  Task 

complexity a £  f e c t s  movement r e t e n t i o n  i n  s e v e r a l  ways. 

Further ,  some parameters o f  a movement a r e  more b e n e f i t t e d  by 

t h e  a v a i l a b i l i t y  of  v i s u a l  r e f e r e n c e  system than o the r s .  

In t h e  end, it is suggested t h a t  t h e  c e n t r a l  mechanism 

h e l p s  i n  planning t h e  movement, and t h i s  p l a n  i s  implemented 

through t h e   peripheral system. Vision h e l p s  in  c o n t r o l l i n g  

t h e  movement. I t  is wrong t o  emphasize t h e  importance of any 

one  o f  t h e  sensory systems i n  menory of movement. Each o f  

them play ,  perhaps. equa l ly  important r o l e  i n  movement 

planning,  execution, and con t ro l  a t  d i f f e r e n t  s tages .  

In  t h e  p r e s e n t  study simple l i n e a r  t a s k  having 

u n i d i r e c t i o n a l  movement ha:, been u t i l i z e d  and hence, it is 

d i f f i c u l t  t o  say much about t h e  planning a spec t  o f  a  

movement. NOW, it is  an open ques t ion  t o  e x m i n e  t h e  planning 

p a r t  o f  movement us ing  multidimensional motor t a s k  having 

choice  r e a c t i o n  time a s  a  dependent measure. It  may be 

perhaps a  good e x e r c i s e  to a r r i v e  a t  a  more a u t h e n t i c  answer 

to t h e  unresolved ques t ions  r e l a t e d  to movement planning.  


