
CHAPTER 5 

GENERAL DISCUSSION AND CONCLUSIONS 

The main ob jec t ive  of t h e  present  investigation is  

t o  study t h e  k ine s the t i c  r e t en t i on  of t he  b l i n d  and s lghted  

sub j ec t s  and t o  explore how v i s u a l  experience contributes 

i n  'short-term r e c a l l  of k ine s the t i c  movements. Resul ts  of 

t h e  3 experiments reported i n  t h i s  research work ind lca te  

t h a t  t h e  v i s u a l  experience does not play s imi l a r  r o l e  i n  t he  

r e t en t i on  of var ious  informations,  cues and t a r g e t  lengths. 

I t  is a l so  observed t h a t  r e c a l l  delays and p r i o r  a c t l v l t i e s /  

b ias ing  a c t i v i t i e s  have d i s t i n c t  e f f e c t  on t h e  processing of 

various informations, cues and length of t a r g e t s .  A discussion 

of t h e  r e s u l t s  obtained i n  t h e  3 experiments repor ted  i n  t h i s  

d i s s e r t a t i o n  i s  made i n  t he  following subsect ions.  

5.1 INFORMATIONS 

How usefu l  i s  v i sua l  reference  system i n  short-term 

r e t en t i on  of k ine s the t l c a l l y  l e a r n t  loca t ion  and dis tance  

informations? An answer t o  t h i s  ques t ion  i s  obtained from 

the  f indings  of Experiment I and 11. The r e s u l t s  obtained 

from Experiment I1 show t h a t  t h e  s igh ted  sub j ec t s  show b e t t e r  



performance than t h e  b l i nd  sub jec t s  i n  reproduction of sho r t  

constrained loca t ion  t a r g e t  (10 c m ) ,  bu t  on long constrained 

locat ion  t a r g e t  (30 c m )  t h e  l a t t e r  show marginally better 

performance than t h e  former. I t  was observed i n  Experiment I1 

t h a t  t h e  s igh ted  sub jec t s  w e r e  only marginally be t te r  than t he  

b l i nd  sub jec t s  on sho r t  constrained loca t ion  t a r g e t s  (5-10 c m )  

bu t  on long const ra ined loca t ion  t a r g e t s  (20-25 c m )  the  b l i n d  

subjec ts  performed better than t h e  s ighted  sub jec t s .  By and 

l a rge  t he  r e s u l t s  of t he  two experiments suggest t h a t  t he  

s igh ted  sub jec t s  seem t o  der ive  b e n e f i t  from t h e i r  v i sua l  

reference system. On t h e  o the r  hand, these  d i f fe rences  

narrowed down, o r  even reversed. on l o n g , t a r g e t s  when t h e  

performance was under feedback con t ro l  as  t h e  l e n g t h  of 

t a r g e t s  increased. This f inding i s  very much s imi l a r  t o  t h a t  

The d a t a  from both Experiments I and I1 suggest t h a t  

i n  reproduction of shor t  cons t ra ined d is tance  t a r g e t s  groups 

do not d i f f e r  s i gn i f i c an t l y ,  while i n  reproduction of long 

constrained t a r g e t s  t h e  b l i n d  sub jec t s  a r e  poorer than t h e i r  

s igh ted  counterpart .  Resul ts  of Hermelin and OIConnor 34 

a r e  s imi l a r  t o  those observed i n  t h e  present  study. Stelmach 

and M c ~ r a c k e n ~ ~  be l i eve  t h a t  loca t ion  and d i s tance  informations 

are interdependent and coding of d is tance  depends upon t h e  

r e l a t i v e  amount of t he  two informations available i n  t h e  

movement s i t ua t i on .  



I n  h i s  review on t h e  perceptual  a b i l i t i e s ,  Jones 117 

put  f o r t h  two theor ies ,  1.e. v i s u a l  map and motor organization. 

The primacy and necess i ty  of v i s i on  f o r  t he  percept ion of 

space were emphasized i n  t h e  v i s u a l  map theory.  The primacy 

of v i s ion  was r e fu t ed  i n  t h e  motor organizat ion theory and it 

was proposed t h a t  a l l  sensory feedbacks con t r ibu te  equally.  

It was a l so  s t a t e d  t h a t  a  handicap i n  one modality w i l l  no t  

cause any impairment. and t he  vacuum w i l l  be replaced by 

t h e  e f f i c i e n t  funct ioning of  o the r  sense modali t ies .  I t  

seems t h a t  t h e  motor organiza t ion  theory o f f e r s  a b u t t e r  

explanation f o r  t h e  processing of locat ion,  while t he  v i s u a l  

map theory expla ins  t h e  processing of d is tance  information 

more c lose ly .  

An attempt t o  answer t h e  quest ion whether p rec i s ion  i n  

coding caused by prese lec t ion  i s  dependent on v i sua l  imagery 

o r  not has been made i n  Experiments I and 111. I t  has been 

shown t h a t  p rese lec ted  movements are more p rec i se ly  coded than 

constrained movements, and t h a t  i n  t h e  prese lec tcd  movements 

bl indfolded s igh ted  subjec ts  seem t o  seek help  from t h e i r  

v i sua l  imagery even i n  t h e  absence of d i r e c t  v i sua l  feedback. 

Experiment I i s  a study of i s o l a t e d  locat ion  and dis tance  

informations presented with and without p rese lec t ion  cue t o  

t h e  b l i n d  and s ighted  subjec ts .  I n  Experiment I11 an attempt 

&a been made t o  study t h e  r o l e  of p rese lec t ion  i n  simple 



reproduction of  movements of t h e  b l i nd  and s ighted  subjects .  

I n  t h i s  experiment both loca t ion  and dis tance  cues were , 

simultaneously ava i l ab le  t o  them. 

I t  is  observed i n  Experiment I t h a t  i n  reproduction of  

i s o l a t e d  loca t ion  t a r g e t s  both b l i n d  and s ighted  sub jec t s  are 

ab le  t o  use p rese lec t ion  cue, though t he  s ighted  sub jec t s  

show s t ronger  e f f e c t  of p rese lec t ion  than t h e  b l i n d  subjects .  

Only the  s igh ted  sub jec t s  could take  advantage of prese lec t ion  

i n  coding of dis tance.  Performance of  t h e  b l i n d  subjec ts  was 

found t o  be equal ly  poor i n  both prese lec ted  and constrained 

d is tance  condit ions.  Findings of  Experiment 111 on 

loca t ion  reproduction a r e  s imi l a r  t o  those obtained i n  

Experiment I .  The b l i nd  subjects have less advantage of  

p rese lec t ion  than t he  s ighted  subjec ts .  

~ o y ~ ~  found t h a t  r e c a l l  of a c t i ve  and passive d is tances  

d i d  not  differ i n  prese lec ted  condit ion.  H e  concluded t h a t  

e f ference  i s  no t  a c r u c i a l  component which is responsible  

f o r  t h e  p r ec i s e  coding under prese lec ted  condition. and 

suggested t h a t  p r i o r  information about t h e  termination of 

movement i s  a major determiner of prec is ion  i n  prese lec ted  

condition. Moreover, he argued t h a t  t h i s  p r i o r  information 

may f a c i l i t a t e  coding of k ine s the t i c  pos i t ion  cucs and may 

enable t he  coding of d is tance  i n t o  a nonmotor perceptual  s t o r e  

l i k e  v i s ion .  H i s  r e s u l t s  do not provide support t o  t he  

explanations given by Jones 380 39 and Stelmach, Kelso and 

wallace4'. Our r e s u l t s  h igh l igh t  t h e  r o l e  of v i sua l  reference 

system. 



5.3 TARGET LENGTH 

Length of a t a r g e t  has a l so  been considered t o  be a 

c r u c i a l  f a c t o r  i n  re ten t ion  of movements. ~ l a p p ~ '  contended 

t h a t  sho r t  movements a r e  predominantly programmed, while long 

movements a r e  under feedback con t ro l .  Motor short-term 

memory s tud i e s  show t h a t  s h o r t  movements a r e  b e t t e r  reproduced 

than long movements 21' 34' 59. Roy and  els so" ri ,ported t h a t  

long movements show more AE than s h o r t  movements. They a l s o  

show t h a t  r e c a l l  of loca t ion  and dis tance  informations d i f f e r s  

only on long t a r g e t s .  They suggest t h a t  a t  sho r t  t a r g e t s  

both loca t ion  and dis tance  informations a r e  almost equal ly 

prec ise ,  bu t  on lOng t a r g e t s  loca t ion  provides more precise 

information than  d is tance .  CE ana lys i s  i n  t h e  previous 

researches has shown t h a t  s h o r t  movements a r e  gcncral ly 

overestimated and long movements a r e  underestimated. This 

d i r ec t i ona l  s h i f t  i n  e r r o r  was r e f e r r ed  as  c e n t r a l  tendency 

e f f e c t  33' 61 o r  range e f f e c t  62, 63 

I n  a l l  t h e  3 experiments reported here, it has been 

obse&ed t h a t  length of a t a r g e t  is a c r u c i a l  determiner of 

i ts  re tent ion .  By and 1arge.short  t a r g e t s  exh ib l t  less AE 

and VE than long t a rge t s .  Th i s  r e s u l t  suggests t h s t  sho r t  

t a r g e t s  a r e  more p rec i se ly  coded and a r e  less va r i ab l e  a t  

r e c a l l  than long t a rge t s .  This  f inding is consistent with 

t h e  one reported above. The CE ana lys i s  of a l l  3 experiments 

support t he  c e n t r a l  tendency e f f e c t  o r  t h e  rangc e f f e c t  i n  t h e  



sense t h a t  t a r g e t s  were overestimated o r  underestimated 

depending on t h e  length of t a r g e t s .  The i b t e r a c t i o n  e f f e c t  

of t a r g e t s  wi th  informations, groups and cues has been 

discussed i n  t h e  previous two sec t ions  of t h i s  chapter.  The 

f ind ings  reported here  genera l ly  support Roy and Kelso 's  9 1  

content ion t h a t  both loca t ion  and dis tance  provide equably 

p r ec i s e  information a t  shor t  t a r g e t s  bu t  loca t ion  i s  more 

p r ec i s e  than d i s tance  a t  t he  long t a rge t s .  A t  s ho r t  t a rge t s ,  

t h e  s ighted  sub j ec t s  take advantage ,of a v i sua l  reference  i n  

t h e  processing of locat ion.  Of long t a r g e t s  t h e  b l ind  sub jec t s  

improve t h e i r  performance considerably, while i n  reproduction 

of shor t  d i s t ance  t a rge t s ,  t h e  s igh ted  sub jec t s  show better 

performance than t h e  b l ind  sub jec t s .  This  f inding is 

cons i s ten t  wi th  t h e  r e s u l t s  reported by Hermelin and OIConnor 34 

and Salmoni and Sul l ivan 133 t h a t  d is tance  i n£  ormdtion i s  

coded with some help  of v i s u a l  reference  mechanism. Stelmach 

and ~ c ~ r a c k e n ~ ~  suggested t h a t  coding of d is tance  i s  dependent 

on t h e  r e l a t i v e  amount of l oca t i on  and dis tance  information. 

I f  some loca t ion  cue could be a t tached t o  d is tance  information, 

d is tance  would be as much better codable a s  loca t ion .  

5.4 RETENTION INTERVAL 

Trace decay t h e o r i s t s  emphasized t he  r o l e  of lapse 

of t i m e  i n  fo rge t t ing .  They argued t h a t  lapse of time i s  

a primary and s u f f i c i e n t  reason t o  cause fo rge t t i ng  because 

t h e  t r a c e s  decay with t i m e  lapse.  This  hypothesis was examined 



i n  motor short-term memory s t u d i e s  a l s o  and it i s  reported 

t h a t  r e t en t i on  of a k ine s the t i c  movement is  l o s t  over - . - 

t i m e  21r 25' 26. I n  these  s t u d i e s  a simple reproduction of 

movement ( l oca t i on  p lus  d i s t ance)  was examined. 

Subsequently, it was found t h a t  a l l  movement informations 

do not  have s imi l a r  r e t en t i on  p roper t i e s  31' 32.  Laabs 3 j ,  106 

showed i n  a series of experiment t h a t  loca t ion  information 

could be r e t a ined  over u n f i l l e d  delay, while d is tance  

information i s  spontaneously l o s t  with lapse of time. I n  a 

subsequent study it was reported t h a t  a t  s h o r t  t a r g e t s  both 

loca t ion  and d i s tance  were equal ly  r e l i a b l e  bu t  on long 
9 1 t a r g e t s  d i s t ance  shows more l o s s  than loca t ions  . 

 ones^^ repor ted  t h a t  prese lec ted  movements do not  

show l o s s  over u n f i l l e d  i n t e r v a l s  but const ra incd movement 

is l o s t  with l apse  of t i m e .  Stelmach, Kelso and Wallace 4 1 

reported t h a t  both p rese lec ted  and constrained loca t ions  were 

r e t a ined  over u n f i l l e d  delays.  I n  a subsequent study, 

Ste-ach, Kelso and ~ c C u l l a ~ h ~ ~  repor ted  t h a t  i n  a simple 

reproduction t a s k  a cons t ra ined movement was spontaneously 

fo rgo t ten  with l apse  of t i m e ,  while a prese lec ted  movement 

was w e l l  r e t a ined  over u n f i l l e d  t i m e  i n t e rva l s .  

I n  t h e  present  study, r e t e n t i o n  i n t e r v a l s  a r e  va r ied  

i n  t he  f i r s t  two experiments. I n  Experiment I two re ten t ion  

i n t e r v a l s  a r e  employed, i.e. 5 and 90-sec. I n  Experiment 11, 



t he re  are th r ee  re ten t ion  i n t e rva l s ,  1.e. 0 ,  15-  and 50 sec. 

I t  i s  found t h a t  both AE and VE i n  motor short-term memory 

increase  as  a r e s u l t  of t i m e  lapse. The CE ana lys i s  

ind ica tes  t h a t  CE s h i f t s  i n  t h e  negative d i r ec t i on  as a 

function of increase  i n  r e t en t ion  in te rva l s .  

Further ,  it was observed i n  Experiment I thdt both 

b l i n d  and s ighted subjects  do not shsw any l o s s  i n  re ten t ion  

of prese lec ted  and constrained locat ions  a t  t he  90 sec 

re ten t ion  i n t e rva l .  Blind sub j ec t s  show forge t t ing  o f  both 

preselected and constrained dis tance  t a rge t s ,  while s ighted 

subjects  show spontaneous l o s s  i n  re tent ion of only constrained 

dis tance  t a rge t s .  Moreover, it i s  indicated  t h a t  fo rge t t ing  

occurred mainly on long dis tances .  

It is  observed from Experiment I1 t h a t  both b l i nd  and 

s ighted sub jec t s  could r e t a i n  loca t ion  t a r g e t s  with l i t t l e  

di f ference  over  re ten t ion  i n t e rva l s .  Forget t ing of d is tance  

was observed over delayed r e c a l l  i n  both b l i nd  arid s ighted 

subjects ,  the  former being poorer than t he  l a t t e r  on shor t  

r e ten t ion  i n t e r v a l s  bu t  t h i s  gap i s  bridged with fu r the r  delay 

i n  r e c a l l .  

Findings of both t he  experiments a r e  more o r  less 

s imi lar .  Both prese lec ted  and constrained locat lon t a r g e t s  

could be re ta ined  by both b l i n d  and s ighted subjects with 

l i t t l e  d i f ference .  This r e s u l t  i s  corroborated b y  t he  



previously repor ted  r e s u l t s  of Stelmach, Kelso and Wallace 41 

on bl indfolded subjec ts .  I t  could a l s o  be noted t h a t  t h e  

s igh ted  sub j ec t s  were taking advantage of presclect.ion i n  

coding of d is tance .  The b l i nd  subjects were unable t o  use 

p rese lec t ion  and showed fo rge t t ing  of both prese lec ted  and 

const ra ined d i s tance  t a rge t s .  This  r e s u l t  proves t he  

content ion of R O ~ ~ ~  t h a t  d i s t ance  information can be coded 

with t h e  help  of p r i o r  information about t h e  terminat ion of 

movement i n  a  nonmotor v i sua l  s t o r e .  

5.5 PROACTIVE I N H I B I T I O N  

The e f f e c t  of p r i o r  motor a c t i v i t i e s  on t h r  r e ten t ion  

of k ines the t i c  loca t ion  and d i s tance  t a r g e t s  was s tudied  i n  

Experiment 11. I n  t h i s  experiment 0, 2 o r  4 p r i o r  a c t i v i t i e s  

were used before  the  learning of a  c r i t e r i o n  response. A major 

f inding which emerged from t h i s  experiment concerns t he  d i s t i n c t  

role of p r i o r  a c t i v i t i e s  i n  r e t en t i on  of loca t ion  and dis tance  

t a rge t s .  The informations x p r i o r  a c t i v i t i e s  i n t e r ac t i ons  

found e ign i f i c an t  f o r  AE, VE and CE i nd i ca t e s  t h a t  locat ion  

information de t e r i o r a t e s  a s  a  r e s u l t  of in te r fe rence  from 

t h e  p r i o r  motor a c t i v i t i e s  bu t  d is tance  reproduction remains 

unaffected. I t  has been shown i n  t he  previous sec t ion  t h a t  

loca t ion  information can be re ta ined  over u n f i l l e d  t i m e  

i n t e rva l s ,  while d is tance  i s  spontaneously l o s t  with lapse 

of t i m e .  Therefore, it may be concluded t h a t  f o rgc t t i ng  of 

loca t ion  information follows t he  in te r fe rence  hypothcsis, while 



fo rge t t i ng  of d is tance  information is accountable t o  t r a c e  

decay. This i n t e r ac t i on  e f f e c t  a l so  throws l i g h t  on t h e  

nature  of t h e  coding mechanisms f o r  t h e  two informi%tions. 

The locat ion information, which could be coded k ines the t ica l ly ,  

shows in te r fe rence  from p r i o r  motor a c t i v i t i e s  but not the  

d is tance  information. I t  has been proposed i n  previous s tud i e s  

t h a t  d is tance  information i s  coded i n  terms of sornc nonmotor 

perceptual  reference system 344 133. I f  it i s  so, and a s  

confirmed i n  t h e  present  study also,  the  absence of any 

adverse e f f e c t  of p r i o r  motor a c t i v i t i e s  on dis tance  

reproduction seems natura l .  Further ,  i n  t h e  groups x informatione 

x p r i o r  a c t i v i t i e s  i n t e r ac t i on  e f f e c t  it i s  noted t ha t  t h e  

s ighted suSjects  a r e  not a f fec ted  by p r i o r  motor a c t i v i t i e s  

bu t  t h e  b l i nd  sub jec t s  show proact ive  i nh ib i t i on  i n  

reproduction of both locat ion and distance. 

Proact ive  i nh ib i t i on  e f f e c t  i n  MSTM was f i r s t  reported 

by Stelmach 25r 2 6 .  H i s  s t u d i e s  mainly involved simple 

reproduction t a sk  i n  which both loca t ion  and dis tance  cues 

were avai lable.  The f indings  were a l so  supported by Ascoli 

and ~ c h m i d t ~ ~  and ~ i l l i a m s ~ ~ .  Given t h e i r  f indings ,  it has 

been shown i n  t h e  present  study t h a t  proact ive i nh ib i t i on  

i s  evident i n  t h e  s ighted sub jec t s  f o r  locat ion but not f o r  

distance; while, on t h e  o ther  hand, t h e  b l ind  sub jac t s  show 

proact ive i nh ib i t i on  i n  reproduction of both locat ion and 

dis tance  informations. 



5.6 RESPONSE BIASING 

Using a  Stelmach and Walsh 'lo type paradigm ,response 

b ias ing e f f e c t  has been s tudied  i n  Experiment 111, but  t i m e  

spent  a t  t h e  in te rpo la ted  t a r g e t  was not  var ied .  T t  i s  

observed t h a t  b ias ing  a c t i v i t i e s  i n t e r f e r ed  s i g n i f i c a n t l y  wi th  

t a r g e t  length,  and t h i s  f inding suggests  t h a t  a t  shor t  t a r g e t s  

forward b ias ing was more e f f e c t i v e  t h a n  backward, while 

the  reverse  was t r u e  f o r  long t a r g e t s .  

Another very  i n t e r e s t i n g  f inding of t h i s  study emerged 

i n  a  s i g n i f i c a n t  group x prese lec t ion  x bias ing a c t i v i t y  

i n t e r ac t i on  e f f e c t .  I t  suggests  t h a t  t he  s i g h t c d  group i s  

a f f ec t ed  by b ias ing  a c t i v i t y  i n  const ra ined condit-ion only, 

while t h e  b l i n d  group shows b ias ing  i n  reproduction of both 

prese lec ted  and const ra ined movements. The CE ans.Lysis 

i nd i ca t e s  t h a t  backward b ias ing causes underestimation of 

responses, while forward b ias ing causes overestimation. 

These r e s u l t s  confirm the  f indings of Stelmach and 

Walsh's 'lo study which involved only constrained movements. 

I n  a  subsequent study, Stelmach, Kelso and McCullc~gh 4 3 

s tudied  response b ias ing e f f e c t  i n  reproduction of prese lec ted  

and const ra ined cu rv i l i nea r  movements. They reported b ias ing 

e f f e c t  f o r  both prese lec ted  and constrained movemants. The 

r e s u l t s  of the  present  study show t h a t  t h e  b l i n d  subjec ts  a r e  

a f f ec t ed  by b ias ing a c t i v i t i e s  i n  both prese lec ted  and 



const ra ined movements but  t he  s igh ted  subjec ts  a r c  a f fec ted  

only  i n  reproduction of cons t ra ined movements. I t  L S  because t h e  

two s tud i e s  d i f f e r  i n  t he  b ias ing  procedure. I n  

Stelmach, Kelso and McCullagh' s43 study, t h e  sub j ct:t moved 

t o  t h e  i n t e rpo l a t ed  loca t ion  from t h e  s t a r t i n g  pos i t ion  of 

t h e  c r i t e r i o n  movements, while i n  t h e  present  study t h i s  

movement s t a r t e d  from t h e  c r i t e r i o n  t a r g e t  i t s c l f .  

I t  i s  concluded t h a t  because prese lec ted  movements are 

more p r ec i s e ly  coded and a r e  more s t a b l e  than constrained 

movements, b ias ing  could not  a f f e c t  reproduction of prese lec ted  

movements i n  the  s ighted  group. However, it shows de le te r ious  

e f f e c t  on const ra ined movements. 

I n  shor t ,  t h e  b l i nd  sub j ec t s  who have enough experience 

of using k ine s the t i c  modality f o r  movement acqu l s i t l on  can 

perform better than t h e  s igh ted  sub jec t s  on long constrained 

loca t ion  t a r g e t s  though t he  l a t t e r  may do as  wel1,or somewhat 

better than t h e  former,on s h o r t  cons t ra ined loca t ion  t a rge t s .  

On t h e  contrary ,  b l i n d  sub jec t s  perform poorer than t h e  s igh ted  

subjects on long constrained d i s tance  t a r g e t s ,  though on very 

sho r t  cons t ra ined d is tance  t a r g e t s  t he  two groups may not 

d i f f e r .  These r e s u l t s  suggest t h a t  p rec i se ly  isol(3ted 

loca t ion  and d i s tance  informations under l ie  d i f f e r e n t  coding 

mechanisms. Location information can b a s i c a l l y  be coded i n  

k ine s the t i c  terms; whereas, d i s t ance  information mainly seem 

t o  be dependent on some nonmotor perceptual  refcrcnce  system* 



l i k e  v is ion .  E f f ec t i ve  use of p rese lec t ion  ( p r i o r  information) 

a l s o  seems t o  be  depender.t on t h e  a v a i l a b i l i t y  of v i sua l  

reference. Moreover, proact ive  i nh ib i t i on  e f f e c t  is found 

i n  reproduction of locat ion  t a r g e t s  of both s ighted  and b l i n d  

subjec ts .  Proact ive  i nh ib i t i on  e f f e c t  i s  evident  i n  d is tance  

reproduction of b l i n d  sub jec t s  bu t  no t  of s igh ted  subjects .  

The in te rpo la ted  b ias ing a c t i v i t y  a f f e c t s  r e c a l l  of constrained 

movements of both b l i n d  and s igh ted  subjects .  Nhen v i sua l  

reference  system i s  avai lable ,  p rese lec t ion  i s  he lp fu l  and no 

b ias ing i s  noted. 


