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ABSTRACT 

Two experiments were performed i n  an i n v e s t i g a t i o n  of t h e  re lease  

of proact ive  i n h i b i t i o n  observed i n  short-term memory. The Brown- 

Peterson short-term memory paradigm was employed f o r  both experiments. 

Experiment I involved a reduction i n  t h e  physica l  s i z e  of t h e  

st imulus,  on t h e  s h i f t  t r i a l ,  t o  i n v e s t i g a t e  t h e  a b i l i t i e s  of  t h i s  

contextual  category a s  a r e l e a s e r .  A re lease  of proact ive  i n h i b i t i o n  

was obtained and was comparable i n  magnitude t o  re leases  obtained wi th  

content ca tegor ies .  

Experiment I1 employed a s h i f t  of numbers t o  l e t t e r s ,  on t h e  s h i f t  

t r i a l ,  i n  a content. category r e l e a s e  of proact ive  i n h i b i t i o n .  I n  

add i t ion ,  t h e  galvanic sk in  response was monitored throughout. A 

r e l e a s e  of proact ive  i n h i b i t i o n  was noted i n  t h e  short-term memory. 

The magnitude of galvanic sk in  responses t o  t h e  s t imul i  was p o s i t i v e l y  

cor re la ted  t o  t h e  subsequent r e c a l l  of t h e  s t imul i  and s h i f t  t r i a l  

galvanic skin responses were s i g n i f i c a n t l y  l a r g e r  i n  t h e  s h i f t  group 

compared t o  t h e  con t ro l  group. 

The r e s u l t s  were i n t e r p r e t e d  as  supportive of  a habi tuat ion,  

perceptual  a l e r t i n g ,  a rousa l ,  o r  o r i e n t i n g  response hypothesis.  The 

r e l a t i o n s h i p  of t h e  build-up and re lease  of proact ive  i n h i b i t i o n  i n  

short-term memory t o  ve rba l  l ea rn ing  i n  general  w a s  explored within 

t h e  framework of  t h e  habi tuat ion hypothesis.  
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CHAPTER I 

INTRODUCTION 

The var iab les  which inf luence  r e t e n t i o n  and f o r g e t t i n g  i n  short-  

term memory (STM) a r e  bes t  approached within a h i s t o r i c a l  framework. 

This chapter w i l l  begin with t h e  methodology and t h e o r i e s  employed i n  

long-term memory (LTM) s tud ies .  The t w o  main t h e o r i e s ,  in te r fe rence  

and decay, w i l l  be examined from t h e i r  conception i n  LTM through t o  

t h e i r  adaptat ion t o  STM. The r e l a t i v e  explanatory and p red ic t ive  

powers of both in te r fe rence  and decay t h e o r i e s ,  and t h e i r  subsequent 

modificat ions,  w i l l  be evaluated and con t ras ted  with a, t h i r d  approach, 

t h e  habi tuat ion hypothesis .  A major concern w i l l  center  upon 

explaining t h e  decl ine  i n  r e t e n t i o n  over time and a s  a  function of 

t h e  number of p r i o r  experimental memory t e s t s .  This a t t enua t ion  of 

r e c a l l  i s  termed i n h i b i t i o n .  There are  two main types of i n h i b i t i o n ,  

proact ive  i n h i b i t i o n  (PI) and r e t r o a c t i v e  i n h i b i t i o n  (RI) . These r e f e r  

t o  t h e  temporal loca t ion  of t h e  hypothesized cause of the  decline i n  

performance, e i t h e r  before t h e  to-be-remembered mate r i a l  (P I )  o r  a f t e r  

t h e  to-be-remembered mate r i a l  ( R I ) .  A decl ine  i n  r e t e n t i o n  as a 

function of t h e  number of p r i o r  items (STM) o r  l i s t s  (LTM) has been 

observed and termed "the build-up of PI". Discussion will then be 

narrowed t o  explanations f o r  t h i s  build-up of P I  and va r iab les  which 

have been found t o  achieve a  subsequent r e l e a s e  of P I  (an increase i n  

r e t e n t i o n ) .  



History of LTM 

Inves t igat ion of t h e  va r iab les  involved i n  L'JN was usua l ly  

accomplished by requ i r ing  sub jec t s  t o  l e a r n  a l i s t  of nonsense 

s y l l a b l e s  t o  some s e t  c r i t e r i o n  ( i . e .  t o  t h e  po in t  of one e r ro r - f ree  

r e c i t a t i o n  of  t h e  e n t i r e  l i s t )  and t e s t i n g  r e t e n t i o n  of t h a t  l i s t  

a f t e r  a time i n t e r v a l  which could be expressed i n  minutes, hours, o r  

days ( t y p i c a l l y  a 24 hour i n t e r v a l  w a s  used).  The percentage of items 

re ta ined  by t h e  sub jec t s  was employed a s  a measure of  t h e  s t r e n g t h  of 

LTM. 

The popular explanation of f o r g e t t i n g ,  p r i o r  t o  1924, was t h e  

Law of Disuse a s  pos tula ted  by Thorndike. The law of d isuse  explained 

f o r g e t t i n g  i n  LTM by t h e  weakening of connections due t o  t h e  discon- 

t i n u a t i o n  of p r a c t i c e ,  which r e s u l t e d  i n  f o r g e t t i n g  ( ~ i l g a r d  and 

Bower, 1966). Time, then ,  was considered an important va r iab le .  I f  

o the r  f a c t o r s  a r e  not taken i n t o  account (environmental inf luences  

i n  t i m e ) ,  a decay o r  d isuse  hypothesis i s  acceptable and p laus ib le .  

Indeed, decay over time per  s e  was assumed t o  be t h e  major cause of 

fo rge t t ing .  The conception was t h a t ,  i n  l ea rn ing ,  a t r a c e  of t h e  

st imulus was formed i n  t h e  b ra in  and t h a t  t h i s  t r a c e  would decay 

over time unless it was r e i n s t a t e d  v i a  r e p e t i t i o n  (use l rehearsa l )  

which strengthened t h e  connections of t h e  t r a c e .  Although t h i s  point  

of view was s t rongly  supported p r i o r  t o  1924, a s e r i e s  of s t u d i e s  

began t o  change t h e  opinions of the  psychologists  involved. 



H a l l  (1971) r e p o r t s  t h e  1924 s t u d i e s  of  Jenkins  and Dallenbach 

( fo l lowed by a r e p l i c a t i o n  by Van Ormer i n  1932) which were performed 

t o  i n v e s t i g a t e  t h e  in f luence  on r e c a l l  of environmental events  

occu r r ing  i n  t h e  r e t e n t i o n  i n t e r v a l .  The r a t i o n a l e  w a s  t h a t  i f  t ime 

d o n e  was t h e  s i g n i f i c a n t  v a r i a b l e  ( i n d i c a t i n g  decay v i a  d i s u s e ) ,  t h e n  

it would not  ma t t e r  if t h e  t ime was spent  s l e e p i n g  o r  waking. I f ,  

however, o t h e r  f a c t o r s  i n  t h e  waking environment were important  con- 

t r i b u t o r s  t o  f o r g e t t i n g ,  t h e n ,  t h e  s l eep ing  cond i t i on  should produce 

s u p e r i o r  performance, compared t o  t h e  waking cond i t i on .  The r e s u l t s ,  

e s p e c i a l l y  a f t e r  t h e  2 ,  4 ,  and 8 hours  cond i t i ons ,  were impressive -- 

60% t o  15% r e c a l l  i n  favour  of  t h e  s l e e p i n g  team. This  appeared t o  

be a  s eve re  blow t o  t h e  decay t h e o r i s t s  o f  t h e  t ime.  

H a l l  (1971) a l s o  d i scussed  a 1932 paper  by McGeoch which reviewed 

t h e  c u r r e n t  l i t e r a t u r e  a h  t h a t  t ime and c r i t i c i z e d  t h e  concept ion of 

t ime as t h e  main independent v a r i a b l e .  The analogy p re sen ted  was of 

an i r o n  b a r  r u s t i n g  as a  f u n c t i o n  o f  t ime r a t h e r  t han  of  ox ida t ion  

( i n  a vacuum r u s t i n g  does n o t  occu r ) .  The environmental events  

occu r r ing  dur ing  t h e  r e t e n t i o n  i n t e r v a l  were assumed t o  be t h e  

important  f a c t o r s  i n  f o r g e t t i n g .  These events  occurred  a f t e r  t h e  

o r i g i n a l  l e a r n i n g  o f  t h e  l i s t  and were, t h e r e f o r e ,  assumed t o  be 

r e t r o a c t i v e l y  i n h i b i t i n g  t h e  o r i g i n a l  l e a r n i n g .  Thus, R I  was employed 

t o  exp la in  f o r g e t t i n g .  The mechanism under ly ing  R I  was be l i eved  t o  b e  

i n t e r f e r e n c e .  The even t s  occurr ing  dur ing  t h e  de lay  p e r i o d  i n t e r f e r e d  

wi th  t h e  o r i g i n a l  l e a r n i n g  and produced t h e  f o r g e t t i n g .  There were 



t h r e e  main va r iab les  involved i n  t h i s  process: ( 1 )  t h e  l eng th  of t h e  

r e t e n t i o n  i n t e r v a l  ( longer i n t e r v a l s  allowing more events t o  occur 

and i n t e r f e r e ) ;  ( 2 )  t h e  number of events occurring ( l a r g e r  numbers of 

events producing more i n t e r f e r e n c e ) ;  and, (3 )  t h e  s i m i l a r i t y  of t h e  

events t o  t h e  o r i g i n a l  l ea rn ing  ( t h e  more s i m i l a r  the  events are t o  

t h e  o r i g i n a l  l ea rn ing ,  t h e  g r e a t e r  t h e  i n t e r f e r e n c e ) .  

S tudies  of LTM usual ly  e n t a i l e d  l ea rn ing  a l i s t  of c r i t e r i o n  and 

being t e s t e d  f o r  r e t e n t i o n  of t h a t  l i s t  a f t e r  an i n t e r v a l  expressed 

i n  many hours o r  days. Typical ly ,  Ss ,  a f t e r  a 24 hour delay ,  r e c a l l e d  

about 25% of t h e  l i s t .  Again, t h e  popular explanation of  t h e  decrement 

i n  r e c a l l  was R I ,  ma te r i a l  encountered during t h e  r e t e n t i o n  i n t e r v a l  

(delay)  was i n t e r f e r i n g  with t h e  r e t e n t i o n  of t h e  experimental l i s t .  

A s  sub jec t s  were not  delayed a t  t h e  experimental l a b  (and even i f  they 

were -- it would be d i f f i c u l t ,  i f  not impossible, t o  con t ro l  a l l  t h e  

stimulus input  t o  e l iminate  i n t e r f e r e n c e ) ,  t h e  process involved w a s  

assumed t o  be due t o  extra-experimental R I .  

This R I  explanation w a s  c r i t i c i z e d  by Underwood (1957). Underwood 

pointed out  t h a t  Ss i n  LTM s t u d i e s  were usua l ly  col lege  students and 

a s  such would not  encounter mate r i a l ,  during t h e  r e t e n t i o n  i n t e r v a l ,  

which w a s  highly s i m i l a r  t o  t h e  nonsense s y l l a b l e s  employed f o r  t h e  

o r i g i n a l  l ea rn ing  t a sk .  He postula ted  t h a t  t h e  75% decrement i n  

performance was t o o  l a r g e  t o  be explained by in tervening events which 

were very d i s s i m i l a r  t o  t h e  o r i g i n a l  t a sk .  The methodology of previous 

researchers  had been t o  use each subject  many times and then t o  average 



a l l  t h e  scores t o  ob ta in  t h e  average performance. A sub jec t  would 

l e a r n  L i s t  1 and r e t u r n  t h e  next day f o r  t h e  24 hour r e t e n t i o n  t e s t ,  

a f t e r  which he would l e a r n  L i s t  2. This sequence would be repeated 

many t imes,  and t h e  r e c a l l  scores  f o r  L i s t s  1 t o  N would be averaged 

t o  obta in  t h e  24 hour r e t e n t i o n  i n t e r v a l  performance f o r  t h a t  subject .  

Underwood engaged i n  t h e  monumental t a s k  of reviewing, compiling, 

reanalysing and present ing t h e  d a t a  thus  f a r  obtained.  I n  each case 

he determined, on t h e  average, how many previous experimental sess ions  

( l i s t s )  t h e  sub jec t s  had had and t h e i r  r e t e n t i o n  as a funct ion of t h e  

number of p r i o r  l i s t s .  It appeared t o  Underwood t h a t  t h e  mate r i a l  

most l i k e  the  t e s t  ma te r i a l  was not  an undergraduate psychology course, 

but  r a t h e r  t h e  previous l i s t .  The decrement i n  r e t e n t i o n  could then 

be e f f e c t i v e l y  explained by proact ive  i n h i b i t i o n  (P I ) .  Underwood 

found that, with no previous l i s t s  encountered, r e t e n t i o n  of t h e  f i r s t  

l i s t ,  a f t e r  24 hours, was between 70 and 80 per  cent .  Retention 

s t e a d i l y  declined a s  a funct ion of t h e  number of  previous l i s t s  so 

t h a t  by t h e  t e n t h  l i s t  r e c a l l  was approximately 25%. Underwood con- 

cluded PI (explained v i a  proact ive  i n t e r f e r e n c e )  was t h e  most probable 

mechanism (explanat ion)  of t h e  decrease i n  r e t e n t i o n .  

Underwood, i n  explaining P I ,  s t a t e d  t h a t  associa t ions  developed 

on L i s t  1 were extinguished during t h e  l ea rn ing  of L i s t  2. During 

t h e  r e t e n t i o n  i n t e r v a l  f o r  L i s t  2 t h e  previously  extinguished asso- 

c i a t i o n s  of L i s t  1 items spontaneously recovered t o  i n t e r f e r e  with 

re ten t ion  ( r e c a l l )  of L i s t  2. Extra-experimental in te r fe rence  ( l e t t e r  



sequence and u n i t  sequence h a b i t s )  was invoked to explain why there 

was not 100% r e c a l l  of L i s t  1. Underwood l i s t e d  four PI v a r i a b l e s  

r e l a t e d  t o  t h e  r a t e  of f o r g e t t i n g  of i t e m s  from LTM: (1) The length 

of t h e  r e t e n t i o n  i n t e r v a l  i n t e r a c t s  with t h e  number of previously 

learned labora tory  l i s t s .  L i t t l e  f o r g e t t i n g  w i l l  be observed, over 

t ime,  wi th  no p r i o r  l i s t s  but  t h e  mount  of fo rge t t ing  increases ,  over 

t ime,  a s  t h e  number of p r i o r  l is ts  increases .  ( 2 )  P r a c t i c e  e f f e c t s  

i n t e r a c t  with t h e  number of  previously encountered labora tory  l i s ts .  

Dis t r ibu ted  p r a c t i c e ,  compared t o  massed p r a c t i c e ,  produces equal o r  

i n f e r i o r  r e s u l t s  when no p r i o r  l i s t s  have been encountered; but  a s  a  

function of t h e  number of previous l i s t s ,  d i s t r i b u t e d  p r a c t i c e  

produces super ior  r e ten t ion .  ( 3 )  P I  increases  as  t h e  s i m i l a r i t y  

between and within l i s t s  increases .  ( 4 )  A s  t h e  meaningfulness of 

t h e  items increases  (more a s s o c i a t i o n s ) ,  r e t en t ion  decreases.  

In ter ference  theory  has d e a l t  wi th  LTM s tud ies  f o r  so long t h a t  

t h e  terms "proactive inh ib i t ion t '  and "proactive in te r fe rence t '  a re  used 

interchangeably. Decay t h e o r i s t s ,  however, had not been i d l e  i n  t h e i r  

inves t iga t ions .  

History of STM 

John Brown (1958) reviewed t h e  l i t e r a t u r e  concerning t h e  evidence 

f o r  a  memory t r a c e  which was subject  t o  decay and concluded t h e  

paradigms of LTM were not adequate t o  inves t iga te  decay. He believed 

decay could occur very r a p i d l y  over s h o r t  periods.  I n  a paired- 

a ssoc ia te  (PA) t a s k ,  Brown found what he believed t o  be evidence of  



t r a c e  decay, i n  s h o r t  pe r iods  of  t ime ( 5  s e c . ) ,  which could be o f f s e t  

by r e h e a r s a l .  Ektending t h i s  hypo thes i s ,  Pe te rson  and Pe terson  (1959) 

employed consonant t r i g r a m  ( C C C )  p r e s e n t a t i o n s  and measured r e t e n t i o n  

a f t e r  d i f f e r e n t  r e t e n t i o n  i n t e r v a l s .  Counting backwards w a s  employed 

t o  prevent  r e h e a r s a l  ( t h e  d i s s i m i l a r i t y  o f  t h e  t a s k  t o  t h e  s t i m u l i  

should minimize i n t e r f e r e n c e ) .  They found almost complete f o r g e t t i n g  

of a s i n g l e  CCC a f t e r  on ly  18 seconds. S p e c i f i c a l l y ,  Pe terson  and 

Pe terson  d i sp l ayed  a CCC t o  a s u b j e c t ,  t h e  s u b j e c t  r e a d  t h e  l e t t e r  

a loud,  followed immediately by a t h r e e  d i g i t  number which t h e  s u b j e c t  

a l s o  voca l i zed  and from which t h e  s u b j e c t  began counting backwards by 

t h r e e ' s  f o r  e i t h e r  3, 6 ,  9 ,  1 2 ,  1 5 ,  o r  18 s e c .  a f t e r ' w h i c h  t h e  s u b j e c t  

w a s  i n s t r u c t e d  t o  r e c a l l  t h e  CCC. This  sequence was r epea t ed  48 t imes  

f o r  each  s u b j e c t  and 8 sco res  f o r  each  de lay  p e r i o d  were obtained.  

This  w a s  done f o r  a t o t a l  o f  24 s u b j e c t s .  The 1 5  and 18 s e c .  de lays  

were blocked,  i n  o rde r  of occurrence ,  i n t o  4 groups of 1 2  t r i a l s .  The 

average p ropor t ion  o f  C C C ' s  c o r r e c t l y  r e c a l l e d  i n  t h e  f o u r  success ive  

groups of t r ia ls  w a s  .08, 1 5 ,  .09, and .12. Pe t e r son  and Pe terson  

i n t e r p r e t e d  t h i s  a s  no t  i n d i c a t i n g  i n t e r f e r e n c e  (performance d id  not  

d e c l i n e  a s  a func t ion  of  t h e  number of  p r i o r  t r i a l s ) ,  b u t  r a t h e r  decay 

of t r a c e  due t o  p reven t ion  of  r e h e a r s a l .  

The Pe terson  and Pe terson  (1959) s tudy  i n d i c a t e d  t h e  e x i s t e n c e  o f  

a STM which d i d  not  e x h i b i t  t h e  same r e l a t i o n s h i p s  t o  P I  a s  d i d  LTM. 

P o s t u l a t i n g  t h a t  t h e  apparent  absence of  P I  was i n  f a c t  due t o  

Pe terson  and Pe terson  having summed over  b locks  o f  1 2  t r ia ls ,  Keppel 

and Underwood (1962) employed t h e  same methodology and counterbalanced 



t h r e e  r e t e n t i o n  i n t e r v a l s  (3,  9 ,  and 18 sec . )  f o r  t h r e e  trials. They 

displayed t h e  r e c a l l  f o r  each r e t e n t i o n  i n t e r v a l  a s  a  funct ion of t h e  

trial pos i t ion  ( f i r s t ,  second, o r  t h i r d ) .  They found t h a t  f o r g e t t i n g  

o f  a  s i n g l e  i tem increased a s  t h e  number of p r i o r  trials increased 

and t h a t  t h e  d i f ference  between t h e  t r ials  was more pronounced a t  t h e  

1 8  sec .  r e t e n t i o n  i n t e r v a l .  They a t t r i b u t e d  t h i s  increased forget t ing ,  

as  t r i a l s  progressed,  t o  a  r ap id  build-up of P I ,  within 3 o r  4 t r i a l s ,  

countered p a r t i a l l y  by p r a c t i c e  e f f e c t s  (PE) ,  which tended t o  produce 

a  negatively decelera t ing r e t e n t i o n  curve. This ind ica ted  t h a t  PI  

performed t h e  same funct ion i n  STM a s  i n  LTM. 

Thus, at t h i s  t ime,  t h e  t h e o r e t i c a l  emphasis was upon decay vs. 

in te r fe rence  explanations of fo rge t t ing .  I n  decay theory,  t h e  to-be- 

remembered item decays when rehearsa l  i s  suppressed, and i n  i n t e r f e r -  

ence theory ,  t h e  i n t e r f e r i n g  p roper t i e s  of previously encountered and 

subsequently extinguished assoc ia t ions  spontaneously recover during 

t h e  delay i n t e r v a l  and i n t e r f e r e  wi th  t h e  to-be-remembered item. 

At tent ion w a s  focused on t h e  P I  e f f e c t ,  and on -the experimental 

va r i ab les  which influenced i t ,  i n  an attempt t o  decide between these  

two competing explanations of f o r g e t t i n g  i n  STM. 

Release of P I  

Wickens, Born and Allen (1963) inves t iga ted  t h e  e f f e c t s  of item 

s i m i l a r i t y  upon P I  by varying t h e  number of s i m i l a r  items presented 

before introducing d i s s i m i l a r  items. They used CCCs  and three-digi t  

numbers ( N N N S )  a s  the  d i s s i m i l a r  c l asses  of mater ia l .  Their  procedure 



was s i m i l a r  t o  t h e  Peterson and Peterson procedure, d i f f e r i n g  i n  t h a t  

colour naming was used t o  f i l l  t h e  delay period.  The two con t ro l  

groups had e i t h e r  CCCs  o r  NNNs f o r  a l l  1 0  t r i a l s .  The s i x  major 

experimental groups had e i t h e r  C C C s  o r  NNNs f o r  t h e  f i r s t  3, 6 ,  o r  9 

t r i a l s ,  a f t e r  which, they were "shi f ted"  t o  t h e  opposite  c l a s s  of 

mater ia l .  The con t ro l  group performance declined rap id ly  over t h e  

f i r s t  few t r i a l s ,  remaining approximately constant  over t h e  remaining 

trials.  The performance of t h e  experimental groups increased dramati- 

c a l l y  on t h e  s h i f t  t r i a l s .  The decl ine  i n  performance over t h e  f i r s t  

few t r i a l s  r e p l i c a t e d  t h e  build-up of P I ,  observed by Keppel and 

Underwood, and was s i m i l a r l y  i n t e r p r e t e d  a s  support f o r  in te r fe rence  

theory. An in te r fe rence  explanation was a l s o  o f fe red  t o  account f o r  

t h e  r e l e a s e  of P I  on t h e  s h i f t  trials. Thus, t h e  assoc ia t ions  

developed on t h e  t r i a l s  p r i o r  t o  t h e  s h i f t  were highly d i s s imi la r  

t o  t h e  mate r i a l  t o  be remembered on t h e  s h i f t  t r i a l ,  and the re fo re  

produced l e s s  competition and consequent f o r g e t t i n g  when they re-  

covered during t h e  r e t e n t i o n  i n t e r v a l  of  t h e  s h i f t  t r i a l .  The 

discovery t h a t  P I  could be re leased was followed by a surge of 

inves t iga t ions  of t h e  phenomenon. 

Loess (1967) found an increase  i n  r e c a l l  following a s h i f t  i n  

taxonomic c l a s s  and believed h i s  r e s u l t s  indica ted  " tha t  t h e  develop- 

ment of P I  i s  l imi ted  t o  items from t h e  same category . . . " (p. 258). 

Wickens and Clark (1968) separated words i n t o  d i f f e r e n t  c l a s s e s  by 

s e l e c t i n g  them from t h e  ends of t h e  Osgood semantic d i f f e r e n t i a l  sca le .  



When these  c l a s s i f i c a t i o n s  were s h i f t e d  i n  presenta t ion,  r e c a l l  

increased,  ind ica t ing  a re lease  of PI .  Releases of PI  have a l s o  been 

reported with s h i f t s  involving arabic  and spelled-out numbers, 

continua of Osgood's semantic d i f f e r e n t i a l  sca le ,  frequency of usage 

i n  language, and t he  sense impression of nouns (wickens, 1970). 

The a b i l i t y  t o  achieve a re lease  of PI supposedly allowed STM 

experimenters t o  inves t iga te  t h e  dimensions by which mate r ia l  i s  

encoded i n  STM. The increase  i n  r e c a l l  ind ica tes  a d i f f e r en t  encoding 

dimension being employed s ince  t he  previous items no longer in te r -  

fered with t he  r e c a l l  of t h e  present  item. However, while t he  

previously mentioned s tud ies  have involved manipulations of the  

stimulus content ,  o the r  experiments have invest igated manipulations 

of t he  context i n  which t he  st imulus i s  presented. 

Turvey and Egan (1969) observed a r e l e a se  of P I  when they changed 

t he  s i z e  of t he  st imulus background. Gumenik and Rossman (1970) out- 

l i ned  t h e  n in th  t r i a l  stimulus with a dark rectangle  and produced a 

r e l e a se  of PI .  Wickens ( 1 9 7 0 ) ~  i n  h i s  review of t he  r e l e a se  of PI ,  

r epor t s  t h a t  r e l e a se s  have been obtained by s h i f t i n g  the  figure-ground 

re la t ionsh ip  and by s h i f t i n g  t he  presenta t ion modality. 

Along with t he  r e l e a se s  of PI involving s h i f t i n g  of t h e  stimulus 

content and of t he  stimulus context ,  t h e r e  have been inves t iga t ions  

i n  which the  nature of t he  s h i f t  involved changing t he  temporal 

pa t t e rn  of t h e  stimulus presenta t ion.  



Inves t iga t ing  t h e  i n t e r t r i a l  i n t e r v a l  (ITI)  e f f e c t  upon P I ,  Loess 

and Waugh (1967) found t h a t  an IT1 beyond 2 minutes i n h i b i t e d  a b u i l d  

up of PI. Kincaid and Wickens (1970) a l s o  obtained a  r e l e a s e  of P I  

by varying t h e  ITI. Recal l  increased progress ively  as a function of 

ITIs ( 0 ,  15,  45, and 120 s e c . )  between t h e  t h i r d  and four th  of a  

s e r i e s  of 4 t r i a l s .  They i n t e r p r e t e d  t h e i r  r e s u l t s  a s  present ing 

d i f f i c u l t y  f o r  in te r fe rence  theory  unless  i n  f a c t  t h e r e  was a  decay 

of t h e  i n t e r f e r i n g  p roper t i e s  of p r i o r  items. A s  t h e  mechanisms 

underlying in te r fe rence  should produce more in te r fe rence  a s  a  funct ion 

of time between t r i a l s  (more i n t e r f e r i n g  assoc ia t ions  spontaneously 

recovering a s  time i n c r e a s e s ) ,  t h i s  does r a i s e  quest ions about t h e  

hypothesis t h a t  t h e  r e l e a s e  of PI i n d i c a t e s  t h e  use of a d i f f e r e n t  

encoding mechanism. In ter ference  theory should a l s o  p red ic t  t h a t  t h e  

IT1 would be l e s s  e f f e c t i v e  i n  r e l e a s i n g  PI  a s  t h e  degree of l ea rn ing  

of t h e  p r i o r  items increases .  However, Wickens and G l i t t i s  (1974) 

found t h e  degree of l ea rn ing  of  t h e  p r i o r  items d id  not inf luence  

t h e  re lease  of PI  with an ITI.  It should be noted t h a t  Gorfeln (1974) 

found l e s s  r e l e a s e  a s  a  f'unction of t h e  amount of P I  when recognit ion 

la tency was employed a s  t h e  measure of STM. 

It appears t h a t  P I  can be re leased  by varying t h e  stimulus content, 

t h e  stimulus context ,  and t h e  temporal p a t t e r n  of stimulus presentat ion.  

I f ,  a s  previously thought,  t h e  s h i f t  i n  mate r i a l  c l a s s  denoted encoding 

dimensions, then encoding va r iab les  include t h e  stimulus context and 

temporal p a t t e r n ,  as wel l  a s  t h e  st imulus content .  



The assumption t h a t  conceptual ve rba l  encoding ca tegor ies  a r e  

ind ica ted  by a  r e l e a s e  of PI  (wickens, 1970, 1973) follows from t h e  

acceptance of in te r fe rence  theory.  The decrement i n  r e c a l l  i s  

explained i n  in te r fe rence  theory  by t h e  spontaneous erupt ion of 

previously extinguished assoc ia t ions ,  which requ i re  a  time i n t e r v a l  

t o  occur,  and t h e  number of these  assoc ia t ions  inc reases  a s  a  funct ion 

of t h e  l eng th  of t h e  i n t e r v a l .  

Whether o r  not in te r fe rence  theory  explanations of t h e  r e l e a s e  of 

P I  e f f e c t  warrants  acceptance depends p a r t l y  on i t s  p r e d i c t i v e  a b i l i t y  

concerning t h e  main e f f e c t s  and i n t e r a c t i o n s  of bas ic  STM var iab les .  

Cr i t ique  of In ter ference  Theory 

The i n t e r a c t i o n  of number of t r i a l s  and build-up of in te r fe rence  

should produce a  r e t e n t i o n  curve which rap id ly  decreases a s  a  number 

of p r i o r  t r i a l s  inc rease ,  eventual ly  t o  t h e  point  of zero performance. 

Actually r e t e n t i o n  f a l l s  t o  some low point  (between 10% and 20% and 

remains f a i r l y  s t a b l e  through a  l a r g e  number of  t r i a l s ) .  Keppel and 

Underwood (1962) explained t h e  l ack  of zero performance by a  p r a c t i c e  

e f f e c t  (PE) which bu i lds  up as  t r i a l s  increase  and o f f s e t s  t h e  

continuing build-up of PI. It i s  a  unique coincidence t h a t  t h e  

r e l a t i v e  f a c i l i t a t i v e  e f f e c t s  of  p r a c t i c e  a r e  about equal i n  s t rength  

t o  t h e  decremental e f f e c t s  of in te r fe rence ,  e spec ia l ly  when t h e  items 

t o  be remembered i n  t h e  t a s k  a r e  of ten  C V C s  wi th  assoc ia t iona l  values 

(AVS) between one and nine ( ~ r c h e r ,  1960) on a  zero t o  one hundred 

sca le .  



Spontaneous recovery of previously extinguished items as a 

funct ion of t h e  length  of t h e  r e t e n t i o n  i n t e r v a l ,  and a  lack of f i r s t  

trial f o r g e t t i n g ,  a r e  both v i t a l  observations f o r  in te r fe rence  theory.  

Wright (1967)~  however, found prior-i tem in t rus ions  t o  be an increas ing 

funct ion of s i m i l a r i t y ,  but unre la ted  t o  t h e  length  of t h e  r e t e n t i o n  

i n t e r v a l .  Wright theor ized t h a t  t h e  decrease i n  r e t e n t i o n  over a  

delay period was due t o  a  decay of t h e  memory t r a c e .  The lack of 

in t rus ions  with a  delay per iod i n  h i s  study l e d  him t o  conclude t h a t  

a  decay mechanism, r a t h e r  than an in te r fe rence  mechanism, was re-  

sponsible f o r  t h e  decl ine  i n  performance. The second observation,  

t h e  l ack  of f i r s t  t r i a l  f o r g e t t i n g ,  was i n v e s t i g a t e d b y  Baddeley 

and Sco t t  (1971). They used 5 d i g i t s  a s  s t imul i  and va r ied  t h e  

r e t e n t i o n  i n t e r v a l  between sub jec t s ,  and found f i r s t  t r i a l  f o r g e t t i n g  

a s  a fbnct ion of t h e  l eng th  of t h e  r e t e n t i o n  i n t e r v a l .  They conclude 

by ind ica t ing  t h e  t e n a b i l i t y  of  Conrad's (1967) modified decay 

hypothesis and suggest ing dual  mechanisms f o r  STM and LTM were i n  

operat ion.  They a l s o  s t a t e d  t h a t  f o r g e t t i n g  i n  a  m u l t i t r i a l  technique 

i s  due t o  d i f f i c u l t y  i n  d iscr iminat ing t h e  temporal cues which allow 

separa t ion of successive items. 

In ter ference  theory a l s o  p r e d i c t s  an i n t e r a c t i o n  between t h e  

meaningfulness of an i tem and the  r e t e n t i o n  i n t e r v a l .  The meaning- 

fu lness  ( M )  of an i tem i s  defined by c a l c u l a t i n g ,  over a one minute 

i n t e r v a l ,  t h e  mean frequency of a ssoc ia t ions  e l i c i t e d  by t h a t  item 

 all, 1971).  Gojey, f o r  example, r a t e s  an M-value of 0.99 while 



Kitchen received an M-value of 9.61. A common c o r r e l a t e  of both AV 

and M-value i s  t h e  frequency of usage i n  t h e  general  populat ion.  The 

expected i n t e r a c t i o n  of M-value and l eng th  of r e t e n t i o n  i n t e r v a l  should, 

according t o  in te r fe rence  theory ,  produce t h e  most e f f i c i e n t  r e t e n t i o n  

when low M-value items a r e  presented at  s h o r t  r e ten t ion  i n t e r v a l s  and 

t h e  poorest  performance with t h e  p a i r i n g  of high M-value items and 

long r e t e n t i o n  i n t e r v a l s .  The s h o r t e r  r e t e n t i o n  i n t e r v a l s  allow l e s s  

time f o r  spontaneous recovery t o  occur and t h e  high M s t imul i  would 

give r i s e  t o  more i n t e r f e r i n g  assoc ia t ions  than low M s t i m u l i .  There 

should a l s o  be a  s teeper  decl ine  i n  performance when t h e  high M-value 

i tem condition i s  p l o t t e d  as a funct ion of increas ing re ten t ion  

i n t e r v a l s  than when t h e  low M-value item condit ion i s  p l o t t e d .  Melton 

(1963) p resen t s  data  comparing t h e  r e s u l t s  of experiments done by 

Peterson arid Peterson which employed, a s  i tems,  CCC t r igrams of not 

more than 33% assoc ia t iona l  va lue ,  and by Murdock who used a s  items 

s i n g l e  words, which occurred more f requent ly  than C V C s  i n  t h e  genera l  

usage of t h e  population. Although t h e r e  a r e  d i f f i c u l t i e s  involved i n  

comparing t h e  r e s u l t s  of two d i f f e r e n t  experiments, t h e  same bas ic  STM 

paradigm was used i n  both  cases.  For r e t e n t i o n  i n t e r v a l s  of ( 3 ,  6 ,  9 ,  

12 ,  1 5 ,  and 18 s e c . ,  Murdock got  97, 95, 90, 87, 86 (es t ima ted) ,  and 

85 per  cent  r e c a l l ,  r e spec t ive ly ,  with h i s  high frequency meaningful 

words; Peterson and Peterson obtained values of approximately 80, 57, 

33, 22, 11, and 10 per  cent  c o r r e c t ,  r e spec t ive ly ,  with t h e i r  low AV 

CCCs. The r e s u l t s  a r e  i n  t h e  opposite  d i r e c t i o n  from in te r fe rence  

theory predic t ions .  



I n  a  more d i r e c t  inves t iga t ion  of  M y  Peterson,  Peterson,  and 

Mil ler  (1961) employed t h e  s i n g l e  item STM methodology and wi th  a  6 

sec .  constant  r e t e n t i o n  i n t e r v a l  manipulated t h e  M of CVCs by using 

Glaze 0  and 100% AVs.  Recal l  was super ior  f o r  t h e  100% AV CVCs 

compared t o  t h e  0% AV CVCs. Lindley (1963) manipulated M ( three-  

l e t t e r  words, s y l l a b l e s ,  and low AV CVCS)  and r e t e n t i o n  i n t e r v a l  

( 3 ,  13 ,  and 39 sec.  ) and found t h a t  high M was associa ted  with 

super ior  r e t e n t i o n  and t h a t  t h i s  e f f e c t  w a s  more pronounced a t  t h e  

longer r e t e n t i o n  i n t e r v a l s .  The decl ine  i n  performance was s t eeper ,  

across r e t e n t i o n  i n t e r v a l s ,  f o r  t h e  low M s t imul i  ( t h e  reverse  of 

in te r fe rence  theory p r e d i c t i o n s ) .  I n  summary, t h e  s t r eng th  of i n t e r -  

ference theory i s  i t s  a b i l i t y  t o  account f o r  t h e  i n i t i a l  (over t h e  

f i r s t  four  t r i a l s )  r a p i d  decl ine  i n  performance. Beyond t h i s  i n i t i a l  

build-up of P I ,  in te r fe rence  theory has d i f f i c u l t y  accounting f o r  t h e  

e f f e c t s  and i n t e r a c t i o n s  of  bas ic  va r iab les  i n  STM. This was a l s o  

recognized 'by Postman (1975) when, i n  h i s  review of ve rba l  l ea rn ing  

and memory, he explained h i s  omission of in te r fe rence  theory  by 

s t a t i n g  "Inter ference  theory today i s  i n  a s t a t e  of ferment i f  not 

d i s a r r a y  [p. 3271. " 



experimental  cond i t i ons  and can be c l a s s i f i e d  i n t o  t h r e e  major 

c a t e g o r i e s :  ( 1 )  changes of  t h e  s t imulus  con ten t ;  ( 2 )  changes o f  t h e  

s t imulus  con tex t ;  and ( 3 )  changes of  t h e  s t imulus  temporal  p a t t e r n .  

The f i r s t  ca tegory  inc ludes  such s h i f t s  as CVCs t o  t h r e e  d i g i t  numbers, 

a r a b i c  t o  spe l led-out  numbers, and names of  b i r d s  t o  names o f  occupa- 

t i o n s .  The second ca tegory  con ta ins  s h i f t s  r e l a t i v e  t o  p r o p e r t i e s  

o f  p r e s e n t a t i o n  such a s  changing t h e  background a r e a ,  t h e  co lou r  of  

t h e  s t imu lus ,  t h e  i n t e n s i t y  of  t h e  s t imu lus ,  t h e  p r e s e n t a t i o n  modality,  

o r  even t h e  room l i g h t i n g .  The las t  ca tegory ,  a l though r e l a t e d  t o  t h e  

p r o p e r t i e s  of p r e s e n t a t i o n ,  i s  l i s t e d  s e p a r a t e l y  and con ta ins  temporal  

changes (ITIS). 

The h a b i t u a t i o n  hypo thes i s ,  espoused i n  t h i s  paper ,  has as i t s  

main v a r i a b l e s  t h e  i n g r e d i e n t  common t o  t h e  s t imulus  c o n t e n t ,  con tex t ,  

and temporal  c a t e g o r i e s :  change o r  dev ia t ion .  The changes o r  

dev ia t ions  a r e  r e l a t i v e  t o  t h e  preceding  experimental  cond i t i ons .  

Psychologica l  encoding c a t e g o r i e s  ( s t imu lus  c o n t e n t )  a r e  r e l e v a n t ,  

as a r e  t h e  cond i t i ons  under which they  occur  ( s t imulus  c o n t e x t ) ,  no t  

f o r  themselves p e r  s e  b u t  r a t h e r  t h e i r  d e v i a t i o n  from t h e  preceding  

events .  The f i r s t  two c a t e g o r i e s  a r e  b e s t  r e l a t e d  t o  t h e  t h i r d  

ca tegory  by t h e  adage "A change i s  as good as a  r e s t . "  The b a s i c  

p r i n c i p l e  i s  t h a t  d e v i a t i o n s  o r  r e s t  pe r iods  w i l l  produce i n c r e a s e s  

i n  t h e  pe rcen t  r e c a l l e d  i n  t h e  STM paradigm. 

The most probable mechanism under ly ing  t h i s  e f f e c t  i s  t h e  

inc reased  c e r e b r a l  a c t i v i t y ,  a l s o  termed an o r i e n t i n g  response ( O R ) ,  

which fo l lows  t h e  a c t i v a t i o n  of  t h e  r e t i c u l a r  a c t i v a t i n g  system 



produced by a  mis-match of t h e  p re sen t  event  r e l a t i v e  t o  t h e  preceding  

even t s .  A s i m i l a r  view was proposed by Kessner (1973).  An o r i e n t i n g  

response,  t hen ,  r e f e r s  t o  t h e  phys io log ica l  response a s u b j e c t  

exper iences  when presented  wi th  any s t imulus  o r  s t i m u l i .  The response 

i s  g r e a t e s t  t o  novel s t i m u l i ,  and has g e n e r a l l y  been viewed as a 

mechanism which f a c i l i t a t e s  s t imulus  process ing .  Th i s  hypothes is  

provides  p r e d i c t i o n s  a s  t o  t h e  build-up and r e l e a s e  o f  P I  under a l l  

t h r e e  main c a t e g o r i e s  a s  w e l l  a s  summations when more than  one 

ca tegory  i s  changed ( ~ i t t l i n g e r ,  1967). I f  t h e  OR i s  a  f a c t o r ,  t h e n  

s t imulus  dev ia t ions  which have been found t o  produce ORs should 

in f luence  STM. The p rev ious ly  mentioned STM s tud ie s 'wh ich  have 

u t i l i z e d  s h i f t s  of  t h e  p h y s i c a l  p r o p e r t i e s  o f  s t i m u l i  and I T I s  i n  

t h e  r e l e a s e  of  P I  paradigm a r e  c o n s i s t e n t  w i th  evidence t h a t  OR 

v a r i a b l e s  do in f luence  STM. 

The r o l e  of  an OR i n  condi t ion ing  appears  t o  be t o  main ta in  t h e  

memory of  t he  s t imulus  f o r  l onge r  pe r iods  o f  t ime.  I f  t h e r e  i s  no 

memory of  t h e  s t imu lus ,  t h e r e  can be no connect ion of t h e  r e l e v a n t  

even t s  t o  provide informat ion  concerning t h e  va lue  of t h e  s t imulus .  

The s p e c i f i c  example t o  be  employed i s  t h e  a b i l i t y  t o  condi t ion  an 

OR t o  a word ( f o r  example, one ' s  name). Maltzman and Raskin (1966) 

r e p o r t  a s tudy ,  i n  which t h e  measure was of  v a s o c o n s t r i c t i o n  i n  t h e  
\ 

f i n g e r ,  where a  s e l e c t e d  t e s t  word ( " l i g h t " )  w a s  fol lowed by a  US 

(whi te  n o i s e ) .  They no t  on ly  obta ined  cond i t i on ing  o f  t h e  OR, b u t  

a l s o  a  g e n e r a l i z a t i o n  curve ,  f o r  t h e  OR, on words a s s o c i a t e d  wi th  

" l i g h t "  on t h e  Kent-Rosanoff t e s t .  I n  another  a r t i c l e  by Maltman 



(1966) many experiments of  t h i s  t ype  a r e  presented .  That t h e  OR i s  

v i t a l  f o r  condi t ion ing  and memory, as t h e  s u b j e c t  must main ta in  t h e  

memory o f  t h e  s t imulus  u n t i l  t h e  occurrence of t h e  consequence, i s  

demonstrated by Lynn (1966) i n  r e p o r t i n g  an experiment by Sokolov. 

I n  t h i s  experiment ,  i f  t h e  UCR t o  a  UCS ( t o n e )  i s  h a b i t u a t e d  p r i o r  

t o  cond i t i on ing ,  t h e n  cond i t i on ing  t a k e s  l onge r  t han  i f  t h e  t one  has  

never  been p re sen ted  t o  t h e  s u b j e c t  be fo re .  

Summary 

Thus t h e r e  i s  an a l t e r n a t e  exp lana t ion  f o r  t h e  r e l e a s e  o f  P I  

e f f e c t  which can a l s o  account f o r  t h e  build-up of  P I .  Some assump- 

t i o n s  a r e  i n  o r d e r  t o  r e l a t e  t h e  OR mechanism, h a b i t u a t i o n ,  and t h e  

build-up of PI:. I f  t h e  func t ion  o f  t h e  OR i s  t o  produce a  s t r o n g e r  

t r a c e  i n  o rde r  t o  main ta in  t h e  memory long  enough t o  check t h e  

consequences, and i f  it i s  assumed t h a t  t h e  memory decays a s  a  

func t ion  of t h e  s t r e n g t h  of t h e  t r a c e ,  t h e n  as t h e  OR h a b i t u a t e s ,  

t h e  t r a c e s  produced a r e  weaker (and decay f a s t e r )  and t h e  t r a c e  

would n o t  pe r se rve re  over t ime.  This  would produce t h e  curves 

obta ined  i n  STM s t u d i e s  and be a decay i n t e r p r e t a t i o n  of  f o r g e t t i n g .  

Two experiments were performed t o  i n v e s t i g a t e  t h e  p r e d i c t i v e  and 

explana tory  a b i l i t y  of  t h e  h a b i t u a t i o n  hypotheses ,  c o n t r a s t e d  wi th  

i n t e r f e r e n c e  t h e o r y ,  i n  coping wi th  t h e  build-up and r e l e a s e  o f  P I  

i n  STM. The f i r s t  experiment involves  a s h i f t  of t h e  s t imulus  context, 

t h e  phys i ca l  s i z e  of  t h e  s t imulus .  The second experiment i nco rpora t e s  

a  phys io log ica l  measure (GSR) of  t h e  OR w i t h  a s h i f t  o f  t h e  s t imulus  

content  (NNN t o  C V C ) .  



CHAPTER 2 

EXPERIMENT I 

In t roduc t ion  

The r e l e a s e  of P I  has been i n t e r p r e t e d  a s  i n d i c a t i n g  psychologi- 

c a l  encoding ca t egor i e s  (wickens, 1970, 1973) .  This  i n t e r p r e t a t i o n  

i s  based upon t h e  assumption t h a t  i n t e r f e r e n c e  v a r i e s  d i r e c t l y  w i th  

t h e  psychologica l  s i m i l a r i t y  of t h e  i tems  and i f  an i n c r e a s e  i n  

r e t e n t i o n  i s  observed when t h e  s t imulus  ca tegory  i s  s h i f t e d ,  t hen  

t h e  two c a t e g o r i e s  a r e  p sycho log ica l ly  d i f f e r e n t .  Wickens i n t e r p r e t s  

t h e  r e l e a s e  of P I  from an i n t e r f e r e n c e  theo ry  framework. Other STM 

r e s e a r c h e r s  have presented  a pe rcep tua l  a l e r t i n g  i n t e r p r e t a t i o n  o f  

t h e  r e l e a s e  of P I .  

Turvey and Egan (1969) changed t h e  s t imulus  background a r e a  s i z e  

o f  t h e  f i f t h  t r i a l  and produced a r e l e a s e  o f  PI .  However, t h e  magni- 

tude o f  t h e i r  e f f e c t  was sma l l ,  when compared w i t h  t h e  r e l e a s e s  

obta ined  by s h i f t i n g  v e r b a l  c a t e g o r i e s .  Gumenik and Rossman (1970) 

achieved a r e l e a s e  of P I  by o u t l i n i n g  t h e  n i n t h  t r i a l  CCC w i th  a 

dark  r ec t ang le .  They reasoned t h a t  i f  a r e l e a s e  of P I  could b e  

obta ined  by pe rcep tua l  i s o l a t i o n  then  an explana t ion  invo lv ing  

a t t e n t i o n a l  responses t o  s t imulus  change would be f e a s i b l e  f o r  bo th  

t h e i r  r e s u l t s  and t h e  conceptual  c l a s s  change r e l e a s e s .  They a l s o  

suggested t h i s  same mechanism could be used t o  equate  t h e  long-term 

memory (LTM) r e sea rch  on t h e  Von Res to r f f  e f f e c t  w i t h  t h e  STM 

resea rch  on t h e  r e l e a s e  of  P I .  If it i s  found t o  be warran ted ,  



t h e  u se  of a  s i n g l e  mechanism t o  r e l a t e  and exp la in  r e s u l t s  from 

l i s t  l e a r n i n g ,  pa i r ed -a s soc i a t e  l e a r n i n g ,  long-term r e t e n t i o n  and 

short- term r e t e n t i o n  s t u d i e s  would be very  parsimonious and extremely 

appeal ing.  It would be expec ted ,  however, t h a t  methods shown t o  be  

e f f e c t i v e  f o r  i s o l a t i n g  a  s t imu lus  i n  a  l i s t  l e a r n i n g  s i t u a t i o n  

would a l s o  be e f f e c t i v e  i n  a  STM r e l e a s e  of  P I  paradigm. 

Gumenik and L e v i t t  (1968) , i n  a l i s t  l e a r n i n g  paradigm, i n v e s t i -  

ga t ed  t h e  i s o l a t i o n  e f f e c t  by vary ing  t h e  degree of  i s o l a t i o n .  They 

used a  l i s t  o f  n ine  CVCs and i s o l a t e d  t h e  s i x t h  CVC by having it 

e i t h e r  sma l l e r  o r  l a r g e r  t han  t h e  o t h e r  e i g h t  CVCs .  The s t anda rd  

s i z e s  were 2.3 x 4.5 inches  and 6 .7  x 1 3 . 0  inches  whi le  t h e  i s o l a t e d  

i tems were e i t h e r  2 . 3  x 4.5  i n c h e s ,  3.3 x 6 .4  i n c h e s ,  4.7 x  9 . 1  inches,  

o r  6.7 x  13 .0  inches .  They found t h a t  s i z e  d e v i a t i o n  could be  e f fec-  

t i v e l y  employed f o r  i s o l a t i o n  and t h a t  t h e  degree of l e a r n i n g  f o r  t h e  

i s o l a t e d  i t em was d i r e c t l y  r e l a t e d  t o  t h e  degree o f  i s o l a t i o n .  

The p r e s e n t  experiment w a s  done t o  i n v e s t i g a t e  t h e  a b i l i t i e s  of 

an e f f e c t i v e  i s o l a t i o n  dimension ( s i z e )  i n  a  STM r e l e a s e  o f  PI  design.  

Method 

The s u b j e c t s  were 48 male and 48 female vo lun tee r s  from t h e  

Simon F r a s e r  Un ive r s i t y  community who were p a i d  f o r  p a r t i c i p a t i n g  

i n  t h e  experiment.  

A Kodak s l i d e  p r o j e c t o r  was coupled wi th  a Gerbrands e l e c t r i c  

s h u t t e r  f o r  s t imu lus  p r e s e n t a t i o n .  A Uher t a p e  r eco rde r  and head- 

phones were used t o  admin i s t e r  t h e  i n t e r v e n i n g  a c t i v i t y .  The 



temporal parameters  and sequences were c o n t r o l l e d  by Grason-Stadler 

t i m e r s  and r e l a y s .  A l l  equipment was l o c a t e d  o u t s i d e  a sound proof  

booth. The s t i m u l i  were p r o j e c t e d  through a window i n t o  t h e  booth 

and t h e  warning and r e c a l l  l i g h t s ,  a s  we l l  a s  t h e  i n t e r v e n i n g  a c t i v i t y  

were patched i n t o  t h e  booth.  The i n s t r u c t i o n s  a r e  i n  Appendix A and 

t h e  s t i rnu l l  and l i s t  o rde r s  a r e  i n  Appendix B. The stimuli were f o u r  

low a s s o c i a t i o n a l  va lue  (from 1 t o  9 )  CVCs randomly s e l e c t e d  from 

Archer (1960) and were a r ranged  i n t o  fou r  counterbalanced o rde r s  

such t h a t  each CVC appeared equa l ly  o f t e n  on each t r ia l .  Each 

s t imulus  was conta ined  on a s l i d e  and was whi te  on a b l ack  background. 

Each - S was t e s t e d  i n d i v i d u a l l y  i n  a sound proof  booth and was moni- 

t o r e d  by a Packard B e l l  camera. A l l  Ss  r ece ived  f o u r  Brown-Peterson - 

t r i a l s .  A trial c o n s i s t e d  o f :  a 3 sec .  warning s i g n a l  ( a  green 

l i g h t )  ; a 1 s e c .  p r e s e n t a t i o n  of  a CVC; 20 sec .  of w r i t i n g  down 

d i g i t s  p re sen ted  a u r a l l y  at a 2 p e r  s ec .  r a t e ;  and, a 5 sec .  r e c a l l  

pe r iod  ( s i g n a l l e d  by a r e d  l i g h t )  dur ing  which t h e  - S wrote down t h e  

response.  The warning and r e c a l l  l i g h t s  were l o c a t e d  i n  f r o n t  of  

t h e  S. The o f f s e t  o f  each t r i a l  w a s  immediately fol lowed by t h e  

onse t  of t h e  next  t r i a l .  

The 2s were ass igned  t o  one of  t h r e e  groups. Each group was 

comprised of  16 males and 1 6  females.  The s i z e  o f  t h e  C V C s  f o r  one 

group was 1 .27  x 3.81 cm. f o r  a l l  four  t r i a l s .  The second group 

rece ived  5.08 x 15.24 cm. s t i m u l i  f o r  t h e  f i r s t  t h r e e  t r i a l s  and a 

1 .27  x 3.81 cm. s t imulus  f o r  t h e  f o u r t h  t r i a l .  The t h i r d  group 

rece ived  10.16 x 30.48 cm. s t i m u l i  f o r  t h e  f i r s t  t h r e e  t r i a l s  and 



a 1 .27  x 3.81 cm. s t imulus  f o r  t h e  f o u r t h  t r i a l .  The background w a s  

a 26 x  28 i n .  sc reen .  

Resu l t s  

The sco r ing  method employed w a s  t h e  one used by Kincaid and 

Wickens (1970) wherein each  c o r r e c t  l e t t e r  r ece ived  one p o i n t  and 

an a d d i t i o n a l  p o i n t  w a s  awarded if a l l  l e t t e r s  were c o r r e c t  and i n  

t h e i r  c o r r e c t  p o s i t i o n .  

The e f f e c t s  of  s t imu lus  s i z e ,  gender and t h e  t h r e e  t r i a l s  p r i o r  

t o  t h e  s h i f t  were i n v e s t i g a t e d  by an a n a l y s i s  of  va r i ance .  The only 

s i g n i f i c a n t  e f f e c t  was t h a t  of t r i a l s ,  - ~ ( 2 , 1 8 0 ) = 8 3 . 0 7 6 ,  2 < .001, 

i n d i c a t i n g  t h e  build-up o f  PI. The means f o r  t r i a l s  1, 2 and 3 were, 

r e s p e c t i v e l y  3.63, 2.60, and 1.55.  The raw d a t a  a r e  i n  Appendix C 

and a l l  source t a b l e s  a r e  i n  Appendix D. 

A s e p a r a t e  a n a l y s i s  of  va r i ance  was c a l c u l a t e d  on t h e  s h i f t  t r i a l  

d a t a  f o r  gender and p r i o r  s t imulus  s i z e .  The main e f f e c t  o f  gender 

and t h e  i n t e r a c t i o n  of  gender and s t imulus  s h i f t  were non- s ign i f i can t ,  

whi le  t h e  main e f f e c t  of s t imulus  s h i f t  was s i g n i f i c a n t ,  ~ ( 2 , 9 0 ) = 6 . 2 4 7 ,  

2 < .005 ( s e e  F igure  1 f o r  t h e  build-up and r e l e a s e  of  PI) .  The means 

f o r  t h e  n o n s h i f t  group (1.27 x  3.81 cm. t o  1 .27  x 3.81 cm.) ,  t h e  

medium s h i f t  group (5 .08  x 15.24 cm. t o  1 . 2 7  x  3.81 cm. ),  and t h e  

l a r g e  s h i f t  group (10.16 x 30.48 cm. t o  1 . 2 7  x 3.81 cm. ) were, 

r e s p e c t i v e l y ,  1 .594 ,  2.594, and 2.635. A Duncan's Tes t  o f  Means 

was performed on t h e s e  groups ( s e e  Appendix F ) .  The medium s h i f t  

condi t ion  and t h e  l a r g e  s h i f t  cond i t i on  were not  s i g n i f i c a n t l y  



Figure 1. Mean STM scores  f o r  the  con t ro l  (1.27 x 3.81 cm. t o  

1.27 x 3.81 cm.), S h i f t  I (5.08 x 15.24 em. t o  

1.27 x 3.81 cm.), and S h i f t  I1 (10.16 x 30.48 cm. t o  

1.27 x 3.81 cm. ) groups over a11 four  trials. 





d i f f e r e n t  from each o t h e r  b u t  were bo th  s i g n i f i c a n t l y  b e t t e r  than  

t h e  n o n s h i f t  cond i t i on  (2 < ,005) .  

Discussion 

Although t h e  degree o f  r e l e a s e  d i d  n o t  vary  d i r e c t l y  w i th  t h e  

d e g r e ~  of  d e v i a t i o n ,  t h e  r e s u l t s  d id  demonstrate t h a t  changing t h e  

p h y s i c a l  s i z e  of t h e  s t imulus  produces a r e l e a s e  o f  PI .  Wickens' 

(1970) formula f o r  e s t i m a t i n g  t h e  r e l a t i v e  magnitude o f  r e l e a s e  w a s  

c a l c u l a t e d  f o r  t h e  s h i f t  I and s h i f t  I1 groups. The s h i f t  I and 

s h i f t  I1 groups achieved r e s p e c t i v e l y ,  50% and 52% r e l e a s e s  of P I .  

Th i s  f i n d i n g  i n c r e a s e s  t h e  v i a b i l i t y  of r e l a t i n g  t h e  i so l - a t ion  e f f e c t  

w i th  t h e  r e l e a s e  of P I  and p o s t u l a t i n g  t h e  same mechanism f o r  both.  

The mechanism could  be i n t e r f e r e n c e  (wickens, Born, and Al l en ,  1963) 

o r  pe rcep tua l  a l e r t i n g  ( ~ u m e n i k  and Rossman, 1970) .  

Wickens (1970) has  po in t ed  out  t h a t  it would appear t o  be incum- 

bent  upon a p e r c e p t u a l  a l e r t i n g  hypothes is  t o  a l s o  exp la in  t h e  

observed d e c l i n e  i n  r e t e n t i o n  over  t h e  f i r s t  fou r  t r i a l s .  This  

could be  at tempted by viewing t h e  f i r s t  s t imulus  a s  a dev ia t ion  

from t h e  j u s t  p r i o r  environment and a s  such i s  i t s e l f  a  change. 

The fo l lowing  s t i m u l i  t h e n  possess  many o f  t h e  same p r o p e r t i e s  

( s i z e  , c o l o r ,  background, and conceptual  c l a s s ,  a s  examples ) and 

t h u s  become l e s s  devian t  as t r ia l s  progress .  This explana t ion ,  

i nc reased  a t t e n t i o n  i n  response t o  s t imulus  dev ia t ion ,  becomes 

very  s i m i l a r  t o  t h e  r e t r i e v a l  cue hypothes is  d i scussed  by Wickens 

(1970).  One on ly  has  t o  assume t h a t  t h e  unique r e t r i e v a l  cues ,  



provided by t h e  stimulus devia t ion,  produce a  perceptual  a l e r t i n g  

( o r  v i c e  v e r s a ) .  The a t t r a c t i v e n e s s  of adding t h e  a t t e n t i o n a l /  

perceptual  concept i s  i n  i t s  a b i l i t y  t o  draw together  not only 

verbal  l ea rn ing  and r e t e n t i o n  s t u d i e s ,  but  a l s o  da ta  and measures 

from t h e  areas  of perception and a t t e n t i o n .  



CHAPTER 3 

EXPERIMENT I1 

In t roduc t ion  

There a r e  two major i n t e r p r e t a t i o n s  of t h e  r e l e a s e  of  P I ,  one 

by i n t e r f e r e n c e  theory  and t h e  o t h e r  by a  pe rcep tua l  a l e r t i n g  

hypothes is .  

The i n t e r f e r e n c e  i ~ i t e r p r e t a t i o n  approaches t h e  r e l e a s e  of  P I  

from t h e  viewpoint t h a t  i n t e r f e r e n c e  i s  s p e c i f i c  t o  a v e r b a l  psycho- 

l o g i c a l  encoding ca tegory  and t h e  i n t e r f e r i n g  a s s o c i a t i o n s  a r e  

minimized when a d i f f e r e n t  psychologica l  category i s '  in t roduced .  

This  approach has l e d  i n t e r f e r e n c e  t h e o r i s t s  t o  i n v e s t i g a t e  v e r b a l  

psychologica l  encoding c a t e g o r i e s  by i n t r o j e c t i n g  conceptua l ly  

d i f f e r e n t  c a t e g o r i e s  i n t o  t h e  Brown-Peterson paradigm. I f  a r e l e a s e  

of P I  i s  noted ,  t h e n  a  d i f f e r e n t  category has  been def ined .  It 

should be noted  t h a t  t h i s  approach i s  c i r c u l a r  and l a c k i n g  of i n -  

dependent measures o r  empi r i ca l  v a l i d a t i o n  o f  t h e  hypo the t i ca l  

c o n s t r u c t s  of i n t e r f e r i n g  a s s o c i a t i o n s ,  t h e i r  e x t i n c t i o n  and sub- 

sequent spontaneous recovery ,  o r  t h e  na tu re  of  how they  i n t e r f e r e .  

The p e r c e p t u a l  a l e r t i n g  approach has  used t h e  s t imu lus  i s o l a t i o n  

procedures  found i n  the  Von Res t ro f f  t ype  o f  LTM v e r b a l  l e a r n i n g  

s t u d i e s  and app l i ed  t h o s e  procedures  t o  t h e  Brown-Peterson STM 

paradigm. This  approach has  l e d  t o  experiments emphasizing s h i f t s  

of t h e  p h y s i c a l  p r o p e r t i e s  o f  s t i m c l i .  There a r e  no obvious v e r b a l  

psychologica l  encoding c a t e g o r i e s  involved  i n  i s o l a t i n g  t h e  s h i f t  



i tem by enclosing it with a dark rec tang le  (~umenik  and Rossman, 

19701, o r  by reducing i t s  physica l  s i z e  ( ~ x ~ e r i m e n t  I ) .  This approach 

def ines  a r e l e a s i n g  dimension of  p r i o r i  and in t roduces  it a s  a s h i f t  

category t o  determine i t s  e f fec t iveness  i n  t h e  r e l e a s e  of P I  paradigm. 

An assumption o f  an a rousa l  increment under l i e s  t h e  perceptual  

i s o l a t i o n  hypothesis  of increased a t t e n t i o n  a s  t h e  mechanism under- 

l y i n g  t h e  r e l e a s e  of PI .  There have been s t u d i e s  emphasizing arousal  

which have employed t h e  galvanic sk in  response (GSR) a s  a measure of 

a rousa l  and have found a r e l a t i o n s h i p  between a rousa l  and subsequent 

r e c a l l ,  immediate and delayed ( ~ a l t z m a n ,  Kantor , and Langdon, 1966 ; 

Corteen, 19691, and between a rousa l  and pai red-associa te  l i s t  l ea rn ing  

( ~ e l l o n i  , 1964) . 
Two previous at tempts t o  ob ta in  physio logica l  measures as  ind ices  

of  arousal  i n  t h e  r e l e a s e  of  P I  paradigm have not been successf'ul. 

One was by Wi t t l inge r  (1967) employing GSR and another  was by Engle 

(Wickens, 1974) employing p u p i l l a r y  changes. 

A p i l o t  s tudy was done wherein t h e  GSR was monitored i n  a r e l e a s e  

of P I  paradigm. One group ( N  = 4) received t r igrams of  random number 

conf igura t ions  (NNN), wi th  t h e  exception of any dup l i ca t ion  of numbers 

i n  any NTN, f o r  t h e  f i r s t  3 t r i a l s  and a CVC on t r i a l  4. A con t ro l  

group ( N  = 5 )  rece ived CVCs f o r  a l l  4 t r i a l s .  The s h i f t  group had a 

mean t r i a l  4 STM score of  4.0 (on a 0 t o  4 s c a l e )  and t h e  con t ro l  

group had a mean score  of  1 .2 .  The d i f fe rence  was analysed by a 

t - t e s t  and was s i g n i f i c a n t ,  t ( 7 )  = 6.60, p < ,001. The GSR score 

was obtained by t ak ing  t h e  value of r e s i s t a n c e  a t  s t imulus o f f s e t  



(Rb) as  t h e  basel ine  and t h e  lowest po in t  of r e s i s t ance  occurring 

within t h e  next 5 sec.  ( ~ a )  and ca lcu la t ing  t h e  percentage change 

f o r  each subject  (Rb-RafRb) ( ~ a v i s ,  1952, 1974). The mean percent  

scores f o r  t h e  s h i f t  and con t ro l  groups were 4.118 and 0.678 

respect ively .  This d i f ference  was a l s o  analysed by a t - t e s t  and 

found s i g n i f i c a n t  t ( 7 )  = 8.623, p c .001. It should be noted t h a t  

only t h e  t r i a l  4 GSR d a t a  could be used, and t h a t  t r i a l  4 da ta  from 

severa l  subjects  was r e j e c t e d ,  leaving N s  of 4 and 5. This was due 

pr imar i ly  t o  " d r i f t "  forc ing excessive balancing during t h e  course 

of t h e  experiment. This " d r i f t "  could have been produced by a DC 

o f f s e t  p o t e n t i a l  ( ~ i o ~ h y s i c a l  Measurements, 1971),  o r  po la r i za t ion  

( ~ o n t a g u  and Coles, 1966). This w i l l  be discussed f u r t h e r  i n  t h e  

methods sec t ion .  

The present  experiment was done t o  f u r t h e r  i n v e s t i g a t e  arousal  

i n t e r p r e t a t i o n s  of  t h e  re lease  of PI. 

Method 

The sub jec t s  were 8 male and 8 female volunteers  from t h e  Simon 

Fraser  Universi ty community who were paid f o r  p a r t i c i p a t i n g  i n  t h e  

experiment. 

The i n s t r u c t i o n s  a r e  i n  Appendix A. The s t imul i  and l i s t  orders 

a re  i n  Appendix B1.  The procedure and equipment a re  t h e  same a s  

employed i n  Experiment I except t h a t  t h e  warning s igna l  was increased 

t o  6 see. and GSR was monitored. The con t ro l  group had CVCs f o r  a l l  

4 t r i a l s .  The s h i f t  group had NNNs f o r  t h e  f i r s t  3 t r i a l s  and a CVC 

f o r  t r i a l  4 .  



A cons t an t  c u r r e n t  (10  microamperes ) DC p u l s a t i n g  c i r c u i t  was 

employed t o  measure r e s i s t a n c e  ( s e e  Appendix G ) .  Three 40 msec. 

pu l se s  p e r  second were d e l i v e r e d  t o  t h e  s u b j e c t .  Th i s  r a t e  produces 

an off- t ime of 88% and should minimize p o l a r i z a t i o n  t o  a n e g l i g i b l e  

f a c t o r  ( ~ i o p h y s i c a l  Measurements , 1971).  The c i r c u i t  a l s o  employed 

a  sample and hold o p e r a t i o n a l  a m p l i f i e r  f o r  t h e  f i n a l  ou tpu t .  Each 

40 msec. p u l s e  was sampled f o r  1 msec . between 38 and 39 msec. That 

va lue  w a s  t hen  he ld  u n t i l  t h e  next  pu l se .  The output  w a s  d e l i v e r e d  

t o  a Heal th  Model SR-255B s t r i p  c h a r t  r eco rde r .  

The s u b j e c t s  non-preferred arm and hand ( a l l  s u b j e c t s  were r i g h t -  

handed) were p l aced  on foam padding t o  reduce movement a r t i f a c t s .  

Beckman Lot #650951 e l e c t r o d e s ,  f i l l e d  wi th  Beckman o f f n e r  e l e c t r o d e  

p a s t e ,  were a f f i x e d  t o  t h e  non-preferred hand, one i n  t h e  c e n t r e  o f  

t h e  palm and t h e  o t h e r  on t h e  back of t h e  hand between t h e  f i n a l  

thumb j o i n t  and t h e  f i n a l  f i r s t  f i n g e r  j o i n t .  The s k i n  was prepared 

by wiping t h e  s k i n  wi th  a l coho l  on co t ton .  

The r e s i s t a n c e  va lue  o f  each s u b j e c t  was obta ined  by  i n s e r t i o n  

of a r e s i s t a n c e  s u b s t i t u t i o n  box i n  p l a c e  of  t h e  s u b j e c t .  

Resu l t s  

The sco r ing  ne thod  employed f o r  t h e  STM d a t a  w a s  one wherein 

each c o r r e c t  l e t t e r  was ass igned  one p o i n t  and p o s i t i o n  o f  t h e  l e t t e r s  

w a s  ignored .  This  s co r ing  method d i f f e r s  from t h e  s c o r i n g  method used 

i n  Experiment I i n  t h a t  t h e  p o s i t i o n  of t h e  l e t t e r s  i s  ignored r e s u l t -  

i n g  i n  a 0  t o  3 range r a t h e r  t han  a  0  - 4 range. It w a s  a l s o  observed, 



i n  Ekperiment I ,  t h a t  of 384 t o t a l  scores t h e r e  were only eleven 

scores of 3. The GSR was scored by t h e  method used i n  t h e  p i l o t  

study (per cent  change). 

The STM and GSR da ta  were separa te ly  analysed f o r  t h e  e f f e c t s  

of stimulus c l a s s ,  and gender, over t h e  f i r s t  t h r e e  t r i a l s  p r i o r  t o  

t h e  s h i f t  by an ana lys i s  of variance.  , I n  t h e  STM da ta ,  t h e  only 

s i g n i f i c a n t  e f f e c t  was t h a t  of t r i a l s  ( T ) ,  F (2 ,24)  = 4.7203, p < .025, 

while f o r  t h e  GSR da ta  t h e  only s i g n i f i c a n t  e f f e c t  was t h a t  of 

stimulus c l a s s  ( c ) ,  F (1,12) = 11.4735, p c .01. The STM means f o r  

t r i a l s  1, 2,  and 3 were 2.75, 1 .81 and 1.81, respect ively .  The GSR 

means f o r  stimulus c l a s s  were .05805 (NNNs)  and .02731 ( C V C S ) .  The 

raw da ta  a r e  i n  Appendix C .  

The ST4 and GSR t r i a l  4 d a t a  were subject  t o  separa te  ana lys i s  

of  variance.  A l l  source t a b l e s  a re  i n  Appecdix D. Stimulus s h i f t  

( c )  was t h e  only s i g n i f i c a n t  e f f e c t  i n  e i t h e r  d a t a  s e t ;  STM d a t a  -- 

F (1 ,12)  = 6.39139, p < .05; GSR d a t a  -- F (1,12) = 7.60941, p < .025). 

The STM means were 3.00 and 2.125 f o r  t h e  s h i f t  and no s h i f t  conditions 

respec t ive ly .  The GSR means were .06687 and .0l882 f o r  t h e  s h i f t  and 

no s h i f t  condit ions respec t ive ly .  

An add i t iona l  ana lys i s  was performed on a l l  t h e  d a t a  p r i o r  t o  

t h e  s h i f t  t r i a l .  The STM memory scores were c l a s s i f i e d  a s  e i t h e r  

cor rec t  (sTM score of 3) o r  incor rec t  (sTM score of 0 ,  1, o r  2 )  and 

used a s  a separa t ion c r i t e r i o n  f o r  t h e  GSR scores .  GSR average score  

was ca lcu la ted  f o r  each subject  by separa te ly  averaging t h e  GSR scores 



r e l a t e d  t o  t h e  STM c l a s s i f i c a t i o n  of c o r r e c t  o r  i n c o r r e c t .  I f  a 

sub jec t  scored  e i t h e r  a l l  c o r r e c t  o r  a l l  i n c o r r e c t  STM s c o r e s  t h e  

d a t a  were removed from t h e  a n a l y s i s  (only  d a t a  from one s u b j e c t  had 

t o  be removed). An i d e n t i c a l  subJec t s  t - t e s t  was done on t h e  GSR 

d a t a  and d isp layed  a  s i g n i f i c a n t  d i f f e r e n c e  between t h e  two s e t s  o f  

scores  t ( 1 4 )  = 3.17, p  < .01. The mean f o r  t h e  c o r r e c t  cond i t i on  

( .051) was s u p e r i o r  t o  t h e  mean f o r  t h e  i n c o r r e c t  cond i t i on  ( .038) .  

A t - t e s t  was a l s o  performed on t h e  GSR responses t o  t h e  f i r s t  

warning s i g n a l .  This  i n d i c a t e d  t h a t  t h e r e  was no s i g n i f i c a n t  d i f f e r -  

ence i n  GSR responses between t h e  s h i f t  and no s h i f t  groups p r i o r  t o  

t h e  i n t r o d u c t i o n  of t h e  f i r s t  st irnulus t ( 1 4 )  = 1.38, p < . l o .  The 

means f o r  t h e  s h i f t  and no s h i f t  groups r e s p e c t i v e l y  were .0775 and 

.0479. 

The means f o r  t h e  GSR and STM d a t a  f o r  t h e  s h i f t  and no s h i f t  

condi t ions  f o r  a l l  t r i a l s  a r e  d isp layed  i n  Fig.  2. 

Discussion 

The s i g n i f i c a n t  e f f e c t  of s t imulus  c l a s s  i n  t h e  GSR sco res  i s  i n  

accord w i t h  p r i o r  r e s e a r c h  d i sp l ay ing  s u p e r i o r  STM performance of  NNNs 

compared t o  CCCs (wickens, Born and Al l en ,  1963) and i n  keeping wi th  

t h e  s l i g h t ,  b u t  n o n s i g n i f i c a n t  t r e n d  i n  t h e  STM d a t a  of  t h i s  experi-  

ment. Had t h e  number o f  t r i a l s  been extended, it i s  f e l t  t h i s  t r e n d  

would have become more c l e a r l y  e s t a b l i s h e d ,  a s  t h e  d i f f e r e n c e  i n  STM 

performance i n  t h e  Wickcns, e t  a l .  s tudy was not  apparent  u n t i l  a f t e r  

t h e  f o u r t h  of  t e n  t r i a l s .  The s i g n i f i c a n t  e f f e c t  o f  t r i a l s  i n  t h e  
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STM d a t a  p o r t r a y  t h e  build-up of  PI .  The same t r e n d  was appren t ,  

b u t  n o n s i g n i f i c a n t ,  i n  t h e  GSR da ta .  

The a  p r i o r i  t - t e s t  performed on t h e  GSR d a t a  (b locked  on 

c o r r e c t  and i n c o r r e c t  memory s c o r e s )  i n d i c a t e s  t h a t  even dur ing  

t h e  build-up o f  P I  ( t r i a l s  1, 2 ,  and 3) and a c r o s s  s t imulus  c l a s s  

( t h e  d i f f e r e n c e  was g r e a t e r  i n  t h e  CVC cond i t i on  t h a n  i n  t h e  NNN 

c o n d i t i o n ) ,  t h e  GSRs were s i g n i f i c a n t l y  g r e a t e r  when an i t e m  w a s  

c o r r e c t l y  r e c a l l e d  than  when an i tem was i n c o r r e c t l y  r e c a l l e d .  

Therefore ,  it i s  concluded t h a t  t h e  d a t a  from t h e  f i r s t  3 t r i a l s  

a r e  suppor t ive  o f  a  pe rcep tua l  a l e r t i n g ,  o r  a r o u s a l  hypothes is .  

The t r i a l  4 d a t a  provide  t h e  s t r o n g e s t  evidence f o r  t h e  a r o u s a l  

hypothes is .  I n  bo th  t h e  STM and GSR d a t a ,  t h e  s h i f t  group t r i a l  4 

means surpassed  t h e  t r i a l  1 s h i f t  group means and were s i g n i f i c a n t l y  

s u p e r i o r  t o  t h e  a p p r o p r i a t e  non-sh i f t  t r i a l  4 means, a l though a l l  

groups r ece ived  i d e n t i c a l  s t i m u l i  and condi t ions  on t r i a l  4 and 

d i f f e r e d  only  i n  s t imulus  c l a s s  rece ived  p r i o r  t o  t r i a l  4. Wickenss 

(1970) formula f o r  e s t i m a t i n g  t h e  r e l a t i v e  magnitude of r e l e a s e  o f  

P I  w a s  c a l c u l a t e d  f o r  t h e  STM and GSR d a t a  and y i e l d e d  r e l e a s e s  of  

175% and 233%,  r e s p e c t i v e l y .  

The major c r i t i c i s m  o f  s t u d i e s  of  t h e  a r o u s a l  hypothes is  s t a t e s  

t h a t  t h e r e  should be  an independent p h y s i o l o g i c a l  measure of  a rousa l  

( t h e  in t e rven ing  v a r i a b l e )  and t h a t  two p r i o r  a t t empt s  t o  ob ta in  t h i s  

measure have been unsuccess fu l  (wickens, 1974) .  These unsuccessfu l  

a t tempts  a r e  i n  c o n t r a s t  t o  t h e  p rev ious ly  mentioned s t u d i e s  involv ing  

immediate md delayed r e l a t i o n  i n  l i s t  l e a r n i n g .  One unsuccessfu l  



at tempt  involved GSR ( ~ i t t l i n g e r ,  1967).  W i t t l i n g e r  used a 

contingency t a b l e  blocked on c o r r e c t  o r  i n c o r r e c t  STM s h i f t  trial 

sco res  and GSR responses on s h i f t  t r i a l  g r e a t e r  t han  GSR responses 

on p r e s h i f t  t r i a l  o r  GSR responses on s h i f t  t r i a l  l e s s  t han  GSR 

responses on non-sh i f t  t r i a l  ( f o r  a l l  groups) .  This  method ignores  

magnitude of d i f f e r e n c e s  i n  t h e  GSR ( e s p e c i a l l y  f o r  s h i f t  g roups ) ,  

and excess ive ly  weights  t h e  minor GSR f l u c t u a t i o n s  o f  t h e  c o n t r o l  

group, as we l l  a s  i gnor ing  t h a t  a s u b j e c t  could  have achieved a 

c o r r e c t  STM score  on t h e  p r e - s h i f t  t r i a l  and a c o r r e c t  STM sco re  

on t h e  s h i f t  t r i a l  and produce a  s l i g h t l y  lower GSR sco re  on t h e  

s h i f t  t r i a l .  W i t t l i n g e r  a l s o  t r e a t e d  any decrement i n  s k i n  re-  

s i s t a n c e  ( r e l a t i v e  t o  t h e  s k i n  r e s i s t a n c e  a t  o n s e t  of  s t i m u l u s )  a s  

an a r o u s a l  response.  This  d i scoun t s  magnitude o r  degree and measures 

d r i f t  and p o l a r i z a t i o n  as w e l l  a s  GSR. I n  s h o r t ,  t h e  n o i s e  could 

have w e l l  been s t r o n g e r  t h a n  t h e  s i g n a l ,  producing s t a t i s t i c a l l y  

i n s i g n i f i c a n t  r e s u l t s .  

The p re sen t  experiment by-passed many o f  t h e  above p i t f a l l s  and 

demonstrates an independent measure o f  a r o u s a l  r e l a t e d  t o  t h e  r e l e a s e  

of P I ,  and when coupled w i t h  p r i o r  r e s e a r c h  i n d i c a t i n g  t h e  e f f e c t i v e -  

ness  o f  phys i ca l  s h i f t s ,  i n  r e l e a s i n g  P I ,  p r e s e n t s  t h e  most p a r s i -  

monious i n t e r p r e t a t i o n  of r e sea rch  i n  t h e  a r e a .  The a r o u s a l  

i n t e r p r e t a t i o n  a l s o  has t h e  advantages of con ta in ing  an in t e rven ing  

v a r i a b l e  which can b e  i n v e s t i g a t e d  and measured (as opposed t o  t h e  

hypo the t i ca l  c o n s t r u c t s  of  i n t e r f e r e n c e  t h e o r y )  and a nonc i r cu la r  

approach t o  i n v e s t i g a t i o n s  of  t h e  r e l e a s e  of P I  phenomenon. 



c m m  IV 

GENERAL DISCUSSION 

The Habituat ion I-Iypothesi s  

The major purpose of  t h e  p re sen t  r e s e a r c h  was t o  i n v e s t i g a t e  t h e  

r e l e v a n t  v a r i a b l e s  involved i n  t h e  r e l e a s e  of  P I  i n  STM. The approach 

taken  stemmed from t h e  observa t ion  t h a t  a l l  r e l e a s e s  ( c o n t e n t ,  contex t  

and temporal)  contained t h e  common element of  d e v i a t i o n  from p r i o r  

experienced events .  

The build-up of P I  occurs  when a  p a r t i c u l a r  sequence of  even t s  

( s t i m u l i )  occurs  i n  a  p r e d i c t i v e ,  r e p e t i t i v e  manner. That t h e  f i r s t  

s t imulus  i s  a  dev ia t ion  from p r i o r  exper ience  can be a s c e r t a i n e d  from 

almost any in t roduc to ry  psychology s tudent  who has p a r t i c i p a t e d  i n  a 

STM experiment.  E labora te  i n s t r u c t i o n s ,  w r i t t e n  and/or v e r b a l  prepa- 

r a t i o n ,  informing t h e  s u b j e c t  of  t h e  events  which w i l l  occur ,  do not  

appear t o  reduce t h i s  f i r s t  t r i a l  e f f e c t  any more than  knowledge and 

t r a i n i n g  i n  parachute  jumping would e l i m i n a t e  t h e  emotion occu r r ing  

wi th  t h e  f i r s t  jump. A s  t r ia ls  p rog res s ,  however, t h e  even t s  become 

more p r e d i c t a b l e  ( l e s s  d e v i a n t )  and a  concomitant d e c l i n e  i n  r e t e n t i o n  

i s  observed. Then, a f t e r  t h e  build-up of  P I ,  i f  t h e  events  aga in  

become dev ian t ,  an i n c r e a s e  i n  r e t e n t i o n  i s  observed ( t h e  r e l e a s e  of  PI). 

The hypothes is  p re sen ted  i n  t h i s  paper ,  which has  been v a r i o u s l y  

termed t h e  h a b i t u a t i o n ,  a r o u s a l ,  pe rcep tua l  a l e r t i n g ,  o r  OR hypothes is ,  

p l a c e s  major emphasj s upon t h e  concept o f  dev ia t ion  and i t s  subsequent 

phys io log ica l  c o r r e l a t e s  ( r e l a t e d  phys io log ica l  evidence w i l l  be 



discussed l a t e r ) .  B a s i c a l l y ,  t h e  h a b i t u a t i o n  hypothes is  assumes t h a t  

devia t ion  i n  t h e  STM paradigm e l i c i t s  an OR from t h e  s u b j e c t  and t h a t  

t h i s  OR enhances t h e  p roces s ing  and r e t e n t i o n  of t h e  i tem a s s o c i a t e d  

with t h e  dev ia t ion .  I n  t h i s  paper  two approaches were taken  t o  i nves t i -  

ga t e  t h e  p r e d i c t i v e  and explana tory  a b i l i t i e s  o f  t h e  h a b i t u a t i o n  

hypothesis .  The f i r s t  approach involved an o p e r a t i o n a l  d e f i n i t i o n  of 

devia t ion  i n  a context  s h i f t  and assumed t h a t  an OR would accompany 

t h e  devia t ion  and would be r e f l e c t e d  by inc reased  s h i f t  t r i a l  r e t e n t i o n .  

The second approach was t o  i n t roduce  dev ia t ion  i n  t h e  content  (NNNs t o  

CVCS) and s imultaneously r eco rd  t h e  GSR t o  eva lua t e  t h e  occurrence o r  

nonoccurrence of  t h e  OR and i t s  r e l a t i o n s h i p  t o  r e t e n t i o n .  Thus, t h e  

hypothesis  w a s  sub jec t ed  t o  o p e r a t i o n a l ,  behavioura l  , and phys io log ica l  

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

Experiment I c l e a r l y  i n d i c a t e d  t h a t  e f f e c t i v e  r e l e a s e r s  a r e  not  

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

A reduct ion  i n  t h e  p h y s i c a l  s i z e  of  a  s t imulus  r e s u l t e d  i n  a  r e l e a s e  

of PI  which was comparable t o  r e l e a s e s  ob ta ined  wi th  v e r b a l  encoding 

ca t egor i e s .  The concept of v e r b a l  encoding c a t e g o r i e s  i s  fundamental 

t o  t h e  i n t e r f e r e n c e  t h e o r i s t s '  account of  t h e  bui ld-up and r e l e a s e  of 

PI .  The i n i t i a l  a t t r a c t i v e n e s s  of  d e f i n i n g  v e r b a l  psychologica l  en- 

coding c a t e g o r i e s ,  by i n s e r t i n g  them i n t o  t h e  r e l e a s e  of P I  paradigm, 

i s  reduced when t h e  concept i s  extended t o  encompass con tex tua l  and 

temporal r e l e a s e s .  The h a b i t u a t i o n  hypothes is ,  however, can e f f ec -  

t i v e l y  be employed t o  p r e d i c t  con ten t ,  con tex t ,  and temporal  r e l e a s e s  

of P I .  



Addi t iona l  confirmation o f  t h e  h a b i t u a t i o n  hypothes is  was provided 

by Experiment 11. The phys io log ica l  responses (GSRS) t o  t h e  s h i f t  t r ia l  

s t i m u l i  were s i g n i f i c a n t l y  l a r g e r  i n  t h e  experimental  group than  i n  t h e  

c o n t r o l  group. 

Cr i t i c i sms  of t h e  Habi tua t ion  Hypothesis 

A l ead ing  i n t e r f e r e n c e  t h e o r i s t  has  o f f e r e d  t h r e e  major c r i t i c i s m s  

of  t h e  a r o u s a l  i n t e r p r e t a t i o n  of t h e  r e l e a s e  o f  P I .  They a r e :  

( 1 )  Arousal t h e o r i s t s  have not  accounted f o r  t h e  build-up o f  P I ;  

( 2 )  Phys ica l  s h i f t s  produce only marginal  r e l e a s e  of P I ;  and 

( 3 )  Attempts t o  o b t a i n  phys io log ica l  support  have not  been succes s fu l  

(wickens, 1970, 1.974). 

The f i r s t  c r i t i c i s m  has been answered i n  t h e  Discussion s e c t i o n  of  

Experiment I .  The STM paradigm does con ta in  t h e  b a s i c  i n g r e d i e n t s  f o r  

an o p e r a t i o n a l  d e f i n i t i o n  o f  h a b i t u a t i o n .  A s t imulus  c l a s s  i s  r epea t ed  

i n  a  p r e d i c t a b l e  sequence. [ ~ y n n  (1967) r e p o r t s  semantic h a b i t u a t i o n ,  

wherein a  sub jec t  h a b i t u a t e s  t o  r epea t ed  p r e s e n t a t i o n  of words of 

s i m i l a r  meming and d i s h a b i t u a t e s  when t h e n  p re sen ted  a  word of d i f f e r -  

e n t  meaning.] The build-up of P I ,  t h e n ,  can be accounted f o r  by t h e  

h a b i t u a t i o n  hypothes is .  

The second c r i t i c i s m  w a s  answered by t h e  Resu l t s  s e c t i o n  of 

Ikperiment I. The magnitude of r e l e a s e  ob ta ined  by s h i f t i n g  t h e  s i z e  

of  t h e  s t imulus  was on p a r  w i th  t h e  magnitude o f  r e l e a s e s  obta ined  

wi th  semantic s h i f t s .  It should a l s o  be  noted t h a t  a s h i f t  i n  t h e  

method o f  p r e s e n t a t i o n  ( ~ u d i t o r y - v i s u a l )  i s  a c t u a l l y  a  s h i f t  i n  t h e  

phys i ca l  p r o p e r t i e s  of  t h e  s t imu lus ,  a context  s h i f t ,  wi th  t h e  semantic 



p r o p e r t i e s  he ld  cons t an t .  S h i f t s  i n  t h e  manner of p r e s e n t a t i o n  have 

produced r e l e a s e s  equal  t o  s h i f t s  between l e t t e r s  and numbers. I f  

s h i f t s  o f  a p h y s i c a l  na tu re  a r e  included i n  t h e  c l a s s i f i c a t i o n  of 

psychologica l  v e r b a l  encoding c a t e g o r i e s ,  a long wi th  t h e  r a p i d l y  growing 

l i s t  of e f f e c t i v e  " r e l e a s e r s " ,  then  t h e  c l a s s i f i c a t i o n  becomes vague 

and l o s e s  i t s  o r i g i n a l  i n t e n t .  

The t h i r d  c r i t i c i s m  i s  t h e  most d i f f i c u l t  t o  answer. There a r e  

two b a s i c  approaches a v a i l a b l e  f o r  an a r o u s a l  i n t e r p r e t a t i o n  of t h e  

r e l e a s e  of PI .  The f i r s t  approach i s  an o p e r a t i o n a l  one wherein one 

e v a l u a t e s  prev ious  r e sea rch  concerning a r o u s a l  and s e l e c t s  a s t imulus  

dimension known t o  produce an OR when s h i f t e d  and i n s e r t s  t h i s  s h i f t  

i n t o  t h e  r e l e a s e  of P I  paradigm. This  i s  a l e g i t i m a t e  and v a l i d  

approach provid ing  t h a t  t h e r e  i s  a body of  r e s e a r c h  t o  draw from and 

t h e  r e s u l t s  a r e  p r e d i c t e d  a p r i o r i  i n  accordance wi th  t h e  r e l a t e d  

r e sea rch .  This  approach i s  i n  c o n t r a s t  t o  t h e  i n t e r f e r e n c e  approach 

wherein one draws from i n t u i t i v e  assumptions a conceptual  psycho- 

l o g i c a l  ve rba l  encoding ca tegory  and i n s e r t s  t h e  ca tegory  i n t o  t h e  

r e l e a s e  of P I  paradigm and i f  a r e l e a s e  i s  observed, t hen  a ca tegory  

i s  def ined .  

The second approach a v a i l a b l e  f o r  an a r o u s a l  i n t e r p r e t a t i o n  i s  

t o  monitor phys io log ica l  a c t i v i t y  dur ing  t h e  experiment,  measure t h e  

responses t o  t h e  s t i m u l i ,  and analyze t h e  r e l a t i o n s h i p  between t h e  

phys io log ica l  d a t a  and t h e  memory d a t a .  This  approach, of  course ,  

would provide  t h e  most d i r e c t  i nqu i ry  i n t o  t h e  r e l a t i o n s h i p .  A 

phys io logica l  measure does al low a c l o s e r  i n v e s t i g a t i o n  of  t h e  



intervening v a r i a b l e  contained i n  t h e  habi tua t ion  hypothesis .  Experi- 

ment I1 portrayed a s i g n i f i c a n t  r e l a t ionsh ip  between t h e  GSR a t  time of 

stimulus p resen ta t ion  and subsequent r e c ? " l  and i s  o f fe red  i n  answer t o  

the  t h i r d  major c r i t i c i s m .  

Apparent Negative Release of  PI Evidence 

In  t h e  s p e c i f i c  STM re lease  of P I  paradigm, t h e  negative evidence 

cons i s t s  mainly of  f a i l u r e s  t o  obta in  physio logica l  support (d iscussed 

i n  Experiment 11). There i s  an experiment, however, which r e l a t e s  

evidence seemingly cont rary  t o  t h e  habi tua t ion  hypothesis  i n  a temporal 

r e l ease  of PI  s i t u a t i o n .  Cermak (1970) used ITIs  i n  a  r e l e a s e  of P I  

experiment. One group, (SL) had ITIs  ( r e s t  pe r iods )  of  6-sec between 

t h e  f i r s t  four trials and a  66-sec I T 1  between t h e  f o u r t h  and f i f t h  

t r i a l s .  A second group (LS) had 66-sec ITIs between t h e  first four  

t r i a l s  and a  6-sec IT1 between t h e  four th  and f i f t h  t r i a l s .  Two con t ro l  

groups (SS and LL) had constant ITIs  of  6 o r  66-sec between a l l  f i v e  

t r i a l s .  The f i f t h  t r i a l  r e t en t ion  means f o r  t h e  SL, LL, LS, and SS 

groups were approximately 75, 72, 52, and 48 per  cen t ,  r e spec t ive ly .  

The c r i t i c a l  f ind ing  f o r  t h e  habi tua t ion  hypothesis  i s  t h e  apparent 

f a i l u r e  of temporal s h i f t s  t o  produce re l eases  of  PI .  However, a s  was 

pointed out i n  t h e  in t roduct ion ,  t h e  IT1 i s  r e l evan t  a s  i n  "a change 

i s  a s  good a s  a  r e s t " .  This equates t h e  IT1 t o  a  l eng th  o f  time during 

which habi tua t ion  can d i s s i p a t e .  Even so ,  a  devia t ion  i n  the  IT1 i s  

s t i l l  a  devia t ion  from t h e  j u s t  p r i o r  experience and a  r e l e a s e  of P I ,  

r e l a t i v e  t o  a  c o n t r o l  group, would be expected. The appropr ia te  con t ro l  



group f o r  any s h i f t  group i s  t h e  group t h a t  exper iences  i d e n t i c a l  

condi t ions on t h e  s h i f t  trial, t h e  experimental  and c o n t r o l  groups 

d i f f e r i n g  only i n  condi t ions  p r i o r  t o  t he  s h i f t  t r i a l .  Cermak d i d  

not  analyze the  f i f t h  t r i a l  d a t a  f o r  t h e  LS v s  SS o r  t h e  LL vs  SL, 

bu t  v i s u a l  i n spec t ion  r e v e a l s  t h a t  f o r  f i f t h  t r i a l  r e t e n t i o n  t h e  SL 

i s  super ior  t o  t h e  LL and t h e  LS i s  supe r io r  t o  t h e  SS. 

Related Verbal Learning Evidence 

The i n s e r t i o n  of a heterogeneous i tem i n t o  an o therwise  homo- 

geneous l i s t  of i t ems ,  i n  e f f e c t  i s o l a t i n g  t h e  heterogeneous i tem,  

r e s u l t s  i n  f a s t e r  l e a r n i n g  of  t h a t  i t em i n  a s e r i a l  l i s t  l e a r n i n g  

paradigm and some evidence sugges ts  t h a t  t h e  i s o l a t e d  i t em i s  b e t t e r  

r e t a i n e d ,  compared t o  i t s  c o n t r o l ,  i n  a  subsequent LTM r e c a l l  t e s t  

(wal lace ,  1965). The i s o l a t i o n  e f f e c t  i s  a l s o  found i n  PA l i s t  learning. 

The i s o l a t i o n  i s  e f f e c t i v e  wi th  e i t h e r  t h e  s t imulus  o r  t h e  response 

i tem, but  i s o l a t i n g  t h e  s t imulus  i tem appears  t o  produce t h e  g r e a t e s t  

advantage  all, 1971). I n v e s t i g a t o r s  i n  s e r i a l  and PA l i s t  l e a r n i n g  

have employed both  s t imulus  content  and s t imulus  context  as methods of  

producing i s o l a t i o n .  H a l l  (1971) sugges ts  t h a t  t h e  i s o l a t i o n  e f f e c t  

i n  PA s e r i a l  l e a r n i n g  ( a n t i c i p a t i o n )  i s  due i n  main t o  t h e  b u i l d i n g  of 

a s soc i a t ions  between t h e  s t imulus  and response r a t h e r  t han  t h e  a v a i l -  

a b i l i t y  of t h e  response.  This  i s  a  c r u c i a l  p o i n t  as it r e l a t e d  o t h e r  

research  involv ing  a r o u s a l  and r e t e n t i o n  and some seemingly c o n f l i c t i n g  

r e s u l t s  . 



The i s o l a t i o n  s t u d i e s  mentioned above employed a modif ied study- 

t e s t  o r  "prompting" methodology i n  a  PA t a s k  and t y p i c a l l y  analyzed and 

presented  t h e i r  d a t a  i n  terms of e r r o r s .  The s t anda rd  methodology 

e n t a i l s  a  study t r i a l  followed by t e s t  t r i a l s .  The s tudy t r i a l  involves 

p r e s e n t i n g  a  s t imulus  ( S )  i t em f o r  a f i x e d  t ime ( i . e .  4-sec) fol lowed 

by p r e s e n t a t i o n  of  t h e  S i tem and a  response ( R )  i t em t o g e t h e r  f o r  a 

f i x e d  i n t e r v a l  ( i . e .  2-sec) .  The p r e s e n t a t i o n s  of S and SR i t ems  con- 

t i n u e s  u n t i l  a l l  t h e  i tems  i n  t h e  l i s t  have been p re sen ted .  There i s  

u s u a l l y  a  s h o r t  IT1 between subsequent p r e s e n t a t i o n s .  The t e s t  t r i a l s  

t hen  begin .  During t h e  t e s t  t r i a l s ,  t h e  s u b j e c t  a n t i c i p a t e s  t h e  R i t em 

when t h e  S i t em i s  presented .  Records a r e  maintained of  t h e  e r r o r s  

a s s o c i a t e d  wi th  t h e  SR p a i r s  and t h e  exper imenta l  s e s s i o n  usua l ly  con- 

t i n u e s  u n t i l  a  s e t  c r i t e r i o n  has been achieved ( i . e .  one e r r o r l e s s  

trial o r  25 t r i a l s ) .  This methodological review i s  necessary  t o  r e l a t e  

t h e  i s o l a t i o n  s t u d i e s  w i th  l a t e r  r e sea rch  concerning arousa l  and r e t en -  

t i o n .  

More r ecen t  and d i r e c t  i n v e s t i g a t i o n s  o f  t h e  e f f e c t s  of  a r o u s a l  

upon r e t e n t i o n  i n d i c a t e  t h a t  t h e r e  i s  h igh  immediate r e t e n t i o n  and low 

delayed r e t e n t i o n  wi th  low a rousa l  and low immediate r e t e n t i o n  and high 

delayed r e t e n t i o n  with high a rousa l  (Kleinsmith and Kaplan, 1963; 

Kleinsmith and Kaplan, 1964; Walker and T a r t e ,  1963; B u t l e r ,  1970; 

McLean, 1.969). I n  c o n t r a d i c t i o n ,  o t h e r  i n v e s t i g a t o r s  have found h ighe r  

immediate and h igher  delayed r e t e n t i o n  w i t h  h igh  a rousa l  when compared 

t o  low a rousa l  ( ~ a r m e y ,  1966; Maltzman, Kantor,  and Langdon, 1966; 

Corteen, 1969).  



When t h e  methodological procedures  of  t h e  two c o n f l i c t i n g  groups 

of experiments a r e  cons idered ,  important  d i f f e r e n c e s  emerge. The group 

r e p o r t i n g  t h e  i n v e r s e  r e l a t i o n s h i p  between a r o u s a l  and r e t e n t i o n  have 

a l l  employed t h e  b a s i c  paradigm, a  s i n g l e  s tudy- t e s t  PA p r e s e n t a t i o n .  

There were minor d i f f e r e n c e s  i n  t h e  methods o f  cueing t h e  s t a r t  o f  t h e  

s tudy trial, but  t h e  s tudy t r i a l  f o r  all c o n s i s t e d  o f  a  b s e c  S  presen- 

t a t i o n  followed by a  4-sec SR p r e s e n t a t i o n ,  a  b s e c  p r e s e n t a t i o n  o f  

c o l o r s  t o  name and, another  b s e c  p r e s e n t a t i o n  of  c o l o r s .  The second 

S  i tem followed t h e  l a s t  c o l o r  p r e s e n t a t i o n  and t h e  previous  sequence 

repea ted .  The sequence cont inued u n t i l  a l l  i t ems  had been p re sen ted  

once. A t e s t  t r i a l  was t h e n ,  a t  vary ing  i n t e r v a l s ,  p r e sen ted .  The 

t e s t  t r i a l  was comprised o f  a b s e c  p r e s e n t a t i o n  of  t h e  S i t em (du r ing  

which the  s u b j e c t  a t tempted t o  r e c a l l  t h e  R i t em a s s o c i a t e d  wi th  t h e  S 

i tem i n  t h e  s tudy  t r i a l )  fol lowed by two b s e c  p r e s e n t a t i o n s  of  c o l o r s  

t o  name. This  sequence cont inued u n t i l  all S i tems had been presented  

once. A s l i g h t  dev ia t ion  e x i s t s  i n  t h a t  some of  t h e  s t u d i e s  used t h r e e  

4-sec co lo r  p r e s e n t a t i o n s  dur ing  t h e  t e s t  t r i a l .  Arousal ,  when 

measured, w a s  measured i n  terms o f  pe rcen t  d e f l e c t i o n  o f  t h e  GSR when 

t h e  S i tem w a s  p re sen ted  i n  t h e  s tudy  t r i a l .  It should be noted t h a t  

t h e  i tem t o  be r e c a l l e d  was t h e  R i t em.  I n  o t h e r  words, t h e  a r o u s a l  

measured was t h e  a r o u s a l  r e l a t e d  t o  t h e  S i t em and not  t o  t h e  R i t em,  

which was t h e  i t em eva lua t ed  f o r  r e t e n t i o n .  The a r o u s a l  measured 

could have been r e l a t e d  t o  t h e  s t r e n g t h  o f  t h e  a s s o c i a t i o n s  developed 

between t h e  S and R i t ems  and u n r e l a t e d  t o  t h e  r e t e n t i o a  o f  t h e  R i t em 

( a s  i n d i c a t e d  i n  t h e  i s o l a t i o n  s t u d i e s  i nvo lv ing  PA l i s t  l e a r n i n g )  and 



t h e  developing of t h e  a s s o c i a t i o n s  f o r  t h e  a b i l i t y  of  t h e  S i tem t o  

r e c a l l  t h e  R i t em i s  where t h e  conso l ida t ion  occurs .  Evalua t ion  o f  t h e  

procedures  of t h e  r e sea rch  i n d i c a t i n g  o v e r a l l  s u p e r i o r  r e t e n t i o n  w i t h  

h igh  a rousa l  i s  necessary .  

Kaplan a n d  Kaplan (1969) reasoned t h a t ,  as t h e  s t anda rd  a n t i c i p a -  

t i o n  method was not  used i n  t h e i r  p r i o r  work, it w a s  no t  necessary  t o  

cont inue t h e  S alone p r e s e n t a t i o n  i n  t h e  s tudy  t r i a l .  In  e l i m i n a t i n g  

t h e  S a lone  p r e s e n t a t i o n  and measuring t h e  GSR t o  t h e  S R  p r e s e n t a t i o n ,  

t hey  were c l o s e r  t o  i n v e s t i g a t i n g  t h e  a r o u s a l  e f f e c t s  a s s o c i a t e d  wi th  

t h e  i tem t o  be r e c a l l e d ,  a l though t h e r e  w a s  s t i l l  some confusion w i t h  

t h e  response t o  t h e  S i tem.  They found a  v a s t  reduction i n  t h e  magni- 

tude  of t h e  a rousa l  and t ime i n t e r a c t i o n .  The r e s u l t s  were more i n  

accordance wi th  s u p e r i o r  o v e r a l l  r e t e n t i o n  of  h igh  a r o u s a l  i t ems .  A 

smal l  d i f f e r e n c e  e x i s t e d  at t h e  f i r s t  (2-min) r e t e n t i o n  i n t e r v a l ,  w i t h  

t h e  low a r o u s a l  i tems s u p e r i o r  t o  t h e  h igh  a r o u s a l  i t ems .  It would be 

p r e d i c t e d ,  from t h e  h a b i t u a t i o n  hypothes is ,  t h a t  i f  t h e  GSRs t o  t h e  R 

i tem could be sepa ra t ed  from t h e  S i tem ( o r  t h a t  a r o u s a l  t o  t h e  t o  be  

r e c a l l e d  i tem could be measured) a d i r e c t  r e l a t i o n s h i p  would e x i s t  

between a rousa l  and r e t e n t i o n .  I n  an i n d i r e c t  way, Yarmey (1966) 

accomplished t h i s  by us ing  h igh  a r o u s a l  words a s  t h e  R i t ems  and two 

d i g i t  numbers a s  S i t ems .  I n  t h i s  manner, a rousa l  was a t t r i b u t e d  t o  

t h e  t o  be r e c a l l e d  i tem.  He a l s o  d i d  no t  use t h e  S a lone  p r e s e n t a t i o n  

i n  t h e  s tudy t r i a l .  I n  s i x  p a i r i n g s  of  s tudy- t e s t  a l t e r n a t i o n s ,  he 

found r e t e n t i o n  t o  h igh  a r o u s a l  i t ems  s u p e r i o r  t o  low a r o u s a l  i tems 

throughout a l l  s i x  t e s t s  ( t h e  f i r s t  t e s t  i s  equa tab le  t o  t h e  immediate 



r e c a l l  cond i t i on  of t h e  p r i o r  s t u d i e s ) .  

Another method of  s e p a r a t i n g  t h e  responses  of t h e  S and R i tems  

and measuring t h e  r e l a t i o n s h i p  between a r o u s a l  and t h e  t o  be r e c a l l e d  

i tem would be  t o  e l i m i n a t e  t h e  S i t em a l t o g e t h e r  and t o  employ a f r e e  

r e c a l l  of a s i n g l e  l i s t  p r e s e n t a t i o n  o f  t h e  R i t ems .  Maltzman, Kandor, 

and Langdon (1966) used a s i n g l e  p r e s e n t a t i o n  of a  l i s t  which contained 

high and low a r o u s a l  words (confirmed by a subsequent a n a l y s i s  of t h e  

GSRs t o  t h e  words).  I n  a f r e e  r e c a l l  (immediate o r  de layed)  s i t u a t i o n ,  

t hey  found s u p e r i o r  r e t e n t i o n ,  i n  bo th  immediate and delayed condi t ions ,  

of high a r o u s a l  i tems compared t o  low a r o u s a l  i t ems .  It i s  o f  i n t e r e s t  

t o  no te  t h a t  Kaplan and Kaplan (1968) s t a t e  t h a t  r e s u l t s  from t h e i r  

l a b o r a t o r y  agree  wi th  t h e  f i n d i n g  t h a t  h igh  a r o u s a l  produces o v e r a l l  

supe r io r  r e t e n t i o n  compared wi th  low a r o u s a l  when f r e e  r e c a l l  i s  used. 

Corteen (1969) r e l a t e d  GSRs t o  i tems  i n  a  s i n g l e  p r e s e n t a t i o n  of a  l i s t  

wi th  r e c a l l  ( immediate,  20-min, and 1 week) i n  a f r e e  r e c a l l  s i t u a t i o n  

and found s u p e r i o r  r e t e n t i o n  of  h igh  a r o u s a l  i t ems  compared t o  low 

a r o u s a l  i t ems  a t  a l l  de l ays .  

It t h e r e f o r e  seems t h a t  t o  i n v e s t i g a t e  t h e  e f f e c t s  o f  a rousa l  upon 

r e t e n t i o n ,  t h e  a r o u s a l  should  be measured a t  t h e  t ime of t h e  presenta-  

t i o n  t o  t h e  to-be-remembered i tem and r e l a t i v e l y  uncontaminated by 

o t h e r  i t e m s .  On t h e  o t h e r  hand, t o  i n v e s t i g a t e  t h e  e f f e c t s  of  a r o u s a l  

and conso l ida t ion  upon r e t e n t i o n ,  t h e  a r o u s a l  should be  a t  t h e  S presen- 

t a t i o n  when t h e  t o  be r e c a l l e d  i tem (R) must be a s s o c i a t e d  w i t h  t h e  S  

i tem.  



Related Phys io log ica l  Evidence -- 

Lynn (1967) r e p o r t s  t h a t  t h e  v e g e t a t i v e  changes involved  i n  t h e  

OR a r e :  ( 1 )  t h e  GSR; ( 2 )  r e s p i r a t i o n ;  (3)  h e a r t  r a t e ;  and ( 4 )  d i l a t i o n  

of c e n t r a l  blood v e s s e l s  and c o n s t r i c t i o n  of  blood v e s s e l s  i n  t h e  

e x t r e m i t i e s .  The a rousa l  o f  an organism has been i n f e r r e d  from t h e s e  

i n d i c e s  and t h e  r e t i c u l a r  a c t i v a t i n g  system (RAS) has  been assumed t o  

be  t h e  i n i t i a t o r  (van O l s t ,  1971) .  

F u s t e r  (1958) implanted rhesus monkeys i n  t h e  RAS and s t imu la t ed  

t h e  RAS dur ing  a d i sc r imina t ion  and r e a c t i o n  t ime t a s k .  He found 

improved d i sc r imina t ion  and f a s t e r  r e a c t i o n  t imes  when s t i m u l a t i o n  was 

appl ied  than  when s t i m u l a t i o n  was not  app l i ed .  I n  a subsequent exper i -  

ment, Fus t c r  and Uyeda (1963) aga in  found t h a t  mi ld  s t i m u l a t i o n  of t h e  

RAS produced inc reased  d i sc r imina t ion  and decreased r e a c t i o n  time i n  

monkeys. I n  a suppor t ive  s tudy ,  Gal in and Lacey (1972) found improved 

r e a c t i o n  t imes  i n  c a t s  w i t h  RAS s t imu la t ion .  Nysenbeaum-Requin, 

P a i l l a r d ,  and Vi t ton  (1972) f u r t h e r  extended t h e  evidence by no t ing  an 

improvement i n  t h e  r e a c t i o n  t imes  of  c a t s  wi th  RAS s t i m u l a t i o n .  They 

a l s o  noted t h a t  t h e  s t i m u l a t i o n  i s  most e f f e c t i v e  when it precedes t h e  

s t imulus  by ,  at most,  .5  s ec .  This  behav io ra l  evidence i s  i n  accord 

wi th  t h e  phys io log ica l  evidence and r e f l e c t s  a  system whose responsive- 

ness  i s  a  func t ion  of RAS a c t i v i t y .  

Bloch, Deweer, and Hennevin (1970) found t h a t  mi ld  RAS s t i m u l a t i o n  

during t h e  r e t e n t i o n  i n t e r v a l  ( c o n s o l i d a t i o n  p e r i o d )  improved r e t e n t i o n  

of r a t s  i n  a  o n e - t r i a l  d i s c r i m i n a t i v e  l e a r n i n g  t a s k .  This  improvement 

was f u r t h e r  d i scussed  i n  a review by Block (1970) who concludcd t h a t  



" . . . t h e  r e g i s t r a t i o n  of new informat ion  i s  followed by a 

of process ing  which r e q u i r e s  a minimum l e v e l  of  a r o u s a l  

This  r e sea rch ,  concerning t h e  d i r e c t  s t i m u l a t i o n  of 

animals ,  l ends  support  t o  t h e  content ion  t h a t  t h e  produc 

s h o r t  p e r i o d  

[p .  5731." 

t h e  RAS i n  

t i o n  of an OR 

i n  human l e a r n i n g  and r e t e n t i o n  s t u d i e s  r e s u l t s  i n  enhanced sensory 

process ing  o f  in format ion  ,and i t s  subsequcnt r e t e n t i o n .  

Summary 

The hab i tua t ion  hypothes is  appears  t o  con ta in  p r e d i c t i v e  and 

explana tory  a b i l i t i e s  concerning t h e  r e l e a s e  of P I  i n  STM. More 

g e n e r a l l y ,  t h e s e  a b i l i t i e s  ex tend  t o  r e l a t e  t h e  i s o l a t i o n  e f f e c t ,  

a r o u s a l ,  and t h e  OR ac ros s  such d i v e r s e  methodologies a s  l i s t  and 

pa i r ed -as soc ia t e  l e a r n i n g  which have employed a n t i c i p a t i o n  and f r e e  

r e c a l l  a t  immediate and delayed r e t e n t i o n  i n t e r v a l s .  

I n  a d d i t i o n ,  t h e  h a b i t u a t i o n  hypothes is  con ta ins  an i n t e r v e n i n g  

v a r i a b l e ,  a r o u s a l ,  which l ends  it s e l f  t o  empi r i ca l  i n v e s t i g a t i o n  and 

eva lua t ion  and a f f o r d s  drawing from a body o f  d a t a  concerning p o s s i b l e  

phys io logi  c a l  s u b s t r a t e s .  
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Appendix A: 

I n s t r u c t i o n s  f o r  Experiments I and I1 

This experiment has been designed t o  s ee  how we l l  you can do a t a s k  

while  being requi red  t o  remember something e l s e .  The sequence o f  events  

w i l l  be a s  follows : 

The green l i g h t  w i l l  come on i n d i c a t i n g  t h e  s t a r t  o f  t h e  

experiment. Two seconds l a t e r  an item w i l l  b e  d i sp l ayed ,  

f o r  a b r i e f  t ime,  i n  t h e  c e n t e r  of  t h e  screen  i n  f r o n t  o f  

you. As soon :.s t h e  i tem disappears  from t h e  sc reen ,  you 

w i l l  begin hear ing  a s e r i e s  3f  numbers over t h e  earphones. 

You a r c  t o  w r i t e  t h e  numbers down a s  f a s t  and a s  a c c u r a t e l y  

a s  you can, working i n  rows from l e f t  t o  r i g h t .  While 

w r i t i n g  down t h e  numbers, i f  you should miss one, j u s t  p i ck  

up where you can and keep going. When t h e  numbers s t o p  

coming, t h e  r e d  l i g h t  will come on. The r e d  l i g h t  i s  t h e  

s i g n a l  t o  r e c a l l  t h e  i tem t h a t  was f l a s h e d  on t h e  sc reen .  

You w i l l  have 5 seconds t o  w r i t e  down t h e  i tem i n  t h e  square 

loca t ed  on t h e  c e n t e r  t o p  of each s h e e t .  A t  t h e  end of t h e  

5 second pe r iod ,  t h e  r e d  l i g h t  w i l l  go o f f  arid t h e  green 

l i g h t  w i l l  come on. The green l i g h t  s i g n a l s  t h e  beginning 

of t h e  next t r i a l ,  s o  a s  soon a s  it comes on watch t h e  screen  

a s  t h e  next i t em w i l l  be  f l a s h e d  wi th in  2 seconds. The 

e n t i r e  sequence w i l l  be  r epea t ed  u n t i l  t h e  end of  t h e  

experiment. 



Appendix B : 

Stimuli and List Orders for Experiment I 

Order 

1 - 
XYH 
Z O J  
XEF 
WQ 

2 - 
WQ 
XYH 
Z O J  
XEF 

m 
W Q  
XYH 
Z O J  

4 - 
Z O J  
X E F  
WQ 
XY H 



Appendix B1: 

Stimuli and L i s t  Orders f o r  Experiment I1 

S h i f t  

Order 

No S h i f t  

Order 

I. 2 3 - - - 
XYH WQ XEF 
Z O J  XYH WQ 
XEF Z O J  XYH 
WQ XEF ZO J 

4 - 
ZOJ 
XEF 
WQ 
XYH 



Appendix C:  

Raw Data f o r  Experiment I 

NO SIIIFT 

TRIAL 

1 2 3  - - -  
2  2  0  
4 4 1  
4 4 0  
4 4 0  
4 3 2  
2 2 3  
1 2  0  
4 1 4  
4 4 1  
4 4 4 
4 1 2  
4 1 1  
4 4 1  
4 4 2  
4 4 2  
4 2  1  

SHIFT I 

TRIAL 

1 2  3  - - -  
4 2 4  
3 4 4  
4 4 1  
4 2 1  
4 4 2  
2 0 2  
2  4 4 
4 4 0  
4 1 2  
4 2  4 
4 2  0  
4 2 0  
4 4 4  
2 2 1  
4 1 2  
3 2 2  

SHIFT I1 

TRIAL 

1 2  3  - - -  
4 1 0  
4 2 0  
2 3 0  
4 2 2  
1 4 2  
3 2 4  
4 1 0  
2  2 0  
4 2 1  
4 4 1  
4 4 1  
4 1 1  
4 1 2  
4 2 1  
4 4 4  
4 2 2  



Appendix C1: 

STM Raw Data for Experiment I1 

TRIALS 



Appendix C2: 

GSR Raw Data f o r  Experiment I1 

TRIALS 



Appendix D: 

Source Table f o r  Experiment I, P r i o r  t o  t h e  S h i f t ,  

f o r  Shif t /No S h i f t  ( c ) ,  Gender ( G ) ,  and T r i a l s  (T ) .  

Source d f m s  f 

T 
CT 
GT 
CGT 
ST( CG ) 

* denotes  p < .001 



Appendix Dl: 

Source Table f o r  Experiment I, S h i f t  Tr i  a 1  , 
f o r  Shift/No S h i f t  ( c )  and Gender ( G )  

Source d f m s  f 

c 2 11.010410 6.247* 
G 1 4.166667 2.364 
CG 2 -729246 E-01 .041 
S(CG) 90 1.762486 

/' 

* denotes p < .005 



Appendix D 2 :  

Sou?-ce Table f o r  Experiment 11, STN Data,  P r i o r  

t o  t h e  S h i f t ,  f o r  ~ h i f t / ~ o  S h i f t  ( c ) ,  Gender ( G ) ,  and T r i a l s  ( T ) .  

Source d f m s  f 

T 
CT 
GT 
CGT 
ST( C G )  

* denotes  p 21 .025 



Appendix D 3 :  

Source Table f o r  Experiment TI, GSR Data,  P r i o r  

t o  t h e  Sh i - f t ,  f o r  ~ h i f t / ~ o  S h i f t  ( c ) ,  Gender ( G )  and T r i a l s  ( T ) .  

Source 

T 
CT 
GT 
CGT 
ST(CG) 

* denotes  p < : 01 



Source Table f o r  E q e r i m e n t  11, GSR Data, S h i f t  

Trial, f o r  ~ h i f t / ~ o  S h i f t  ( c )  and Gender ( G ) .  

Source df m s  f 



Appendix D5:  

Source Table f o r  Experiment 11, STM Data, S h i f t  

T r i a l ,  f o r  ~ h i f t / ~ o  Shift ( c )  and Gender ( G ) .  

Source df m s  f 

* denotes p < .05 
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