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In t roduct ion  

If I w e r e  to a s k  the ave r age  E n g l i s h - s p e a k i n g  adul t  to n a m e  an an ima l ,  o r  a yellow 

f ru i t ,  o r  a f lower  beginning with the l e t t e r  "D" ,  he would o r d i n a r i l y  be able  to give me a 

c o r r e c t  a n s w e r  in l e s s  than  a few seconds .  P roduc ing  a piece of i n fo rma t ion  t ha t  one has  

l e a r n e d  some t ime  ago and knows v e r y  wel l  r e q u i r e s  v e r y  l i t t l e  e f fo r t  indeed.  But,  how do 

we do i t ?  By what  p r o c e s s  do we r e a c h  into the huge s to r e  of i n fo rma t ion  in m e m o r y  and 

produce  a r e s p o n s e  tha t  i s  app rop r i a t e  to a given ques t ion .  T h e r e  i s  no doubt tha t  we a r e  

v e r y  good a t  doing th is ,  but a t  the m o m e n t  we know r e l a t i v e l y  l i t t l e  about  how we do it .  

Al though i t  is  too e a r l y  to p rov ide  de t a i l s  of the  r e t r i e v a l  m e c h a n i s m ,  we can  make  

c e r t a i n  genera l  d i s t inc t ions  among poss ib le  types  of p r o c e s s e s .  Fo r  example ,  we can c l a s -  

s ify p r o c e s s e s  of m e m o r y - a c c e s s  in t e r m s  of the ex ten t  to which  they involve s u c c e s s i v e  a s  

opposed to s imu l t aneous  consu l t ing  of the m e m o r y  s t o r e .  Th i s  bas ic  d i s t inc t ion  has  m a n y  

i m p o r t a n t  consequences :  one of t h e m  c o n c e r n s  the ef fec t  of s ize  of the a r r a y  to be s e a r c h e d  

on s e a r c h i n g  t ime .  To the ex tent  t ha t  the r e t r i e v a l  p r o c e s s  involves  s u c c e s s i v e  consu l ta t ion  

of the m e m o r y  s t o r e ,  r e t r i e v a l  t i m e  should be a function of the m e m b e r  of i t e m s  in the a r r a y  

to be s e a r c h e d .  Converse ly ,  to the ex tent  tha t  s imu l t aneous  consu l ta t ion  (o r  " p a r a l l e l  

p roces s ing" )  i s  involved,  r e t r i e v a l  t i m e  should be r e l a t i v e l y  unaffec ted  by the n u m b e r  of 

i t e m s  in the a r r a y .  

P r e v i o u s  R e s e a r c h  

In mos t  of the e a r l i e r  r e s e a r c h  deal ing wi th  the e f fec t  of a r r a y  or  c a t ego ry  s ize  on 

r e t r i e v a l  t ime ,  sub jec t s  have been given a r ecogn i t ion  or  ident i f ica t ion  t a sk .  Typical ly  they 

m u s t  decide  whe the r  a g iven  in s t ance  i s  a m e m b e r  of a p a r t i c u l a r  a r r a y ,  c l a s s  o r  ca tegory .  

Most  of th i s  work  has  dea l t  wi th  r e l a t i v e l y  sma l l ,  newly l e a r n e d  c a t e g o r i e s  tha t  a r e  typ ica l ly  

def ined so le ly  by an e n u m e r a t i o n  of i n s t a n c e s  (e.  g . ,  N e i s s e r ,  1963; Po l lack ,  1963; Rabbi t t ,  

1959; S t e rnbe rg ,  1966). F o r  example ,  S te rnberg(1966)  gave sub jec t s  a g roup  of d ig i t s  (e.  g . ,  

4, 8, 3, 5) and asked  t hem whe the r  ano the r  digi t  (e.  g . ,  3) was  a m e m b e r  of tha t  set .  Th i s  

r e s e a r c h  on " s h o r t - t e r m  m e m o r y "  has  gene ra l l y  found r e s p o n s e  t i m e  for  bo th  pos i t ive  and  

nega t ive  i n s t a n c e s  to be a d i r e c t  function of the s ize  of the  ca tegory .  Th i s  r e s u l t  has  been  

i n t e r p r e t e d  as  ev idence  for  the ex i s t ence  of a s u c c e s s i v e  and pe rhaps  even  exhaus t ive  s c a n -  

n ing  p r o c e s s  for  r e t r i e v a l  f r o m  s h o r t - t e r m  m e m o r y .  

Wha t  happens  when l a r g e r  and b e t t e r - l e a r n e d  c a t e g o r i e s  a r e  u s e d ?  F o r  example ,  

suppose we ask  a sub jec t  to decide  w he t he r  a "dog" i s  an  " a n i m a l "  ? Landaue r  and F r e e d m a n  
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(1963) found that  sub jec t s  took longer  to decide that  an i tem was not a m e m b e r  of a l a rge  

ca tegory  than to decide that  it  was not a m e m b e r  of a smal l  ca tegory .  Fo r  example ,  it  took 

longer  to decide that  a "desk"  was not an "animal"  than to decide that  it  was not a "dog".  

There  was a sl ight ,  but nonsignif icant ,  d i f fe rence  in dec is ion  t i m e s  for the posi t ive  ins tances .  

Collins and Quillian (1969) and Meyer  (1970), using somewhat  d i f fe ren t  p rocedu re s ,  a l so  

r e p o r t  that  r e t r i eva l  takes  longer  for  l a r g e r  c a t ego r i e s .  

Although Landauer  and F r e e d m a n ,  Coll ins and Quillian~ and Meyer  all find an effect  

of ca tegory  s ize ,  the effect  is  ve ry  smal l  r e la t ive  to the s ize  of the ca t ego r i e s  used.  For  

example ,  Landauer  and F r e e d m a n  r e p o r t  that  the c o r r e c t  ident if icat ion of negat ive ins tances  

took 53 m s e c .  longer  for  l a rge  than for  smal l  c a t ego r i e s .  Given the re la t ive  s ize  of the 

arrays to be searched, in order for such small differences to be caused by the additional 

time it takes to scan the larger categories, the successive scanning would have to be enor- 

mously rapid, on the order of 1,000 words per sec., which seems improbable. The authors 

accordingly conclude that the small differences should probably not be interpreted as evidence 

for the existence of a successive scanning process. Thus, previous research has sho~a 

some effect of category size on retrieval from semantic memory, but it has generally not 

been interpreted in terms of successive processing. On the contrary, the differences are so 

small that they seem to argue for a mechanism consisting largely if not entirely of parallel 

processing of some sort. 

The Original Experiment 

In 1969 I conducted an experiment on this problem in collaboration with Jonathan 

Freedman at Stanford University. Since subsequent experiments have used a semilar meth- 

odology, and have in general been designed to test a model of retrieval that we proposed in 

the publication growing out of that research (Freedman and Loftus, 1971), it is appropriate 

to describe the original experiment in some detail. 

The experiment was designed to provide more information about the retrieval 

mechanism with particular emphasis on the question of the extent to which successive proces- 

sing is involved. One major departure from previous work is that rather than study identifi- 

cation time as had been done before, this experiment concerned the speed with which a sub- 

ject could actually produce a word himself, Instead of giving him a stimulus and asking him 

to decide whether it was a member of a category, he was given a category and asked to pro- 

duce a member of it. The identification procedure has been used in the past largely because 

it is simple, convenient and yet obviously involves the retrieval of information from the 

memory store. The production procedure is more complicated and less convenient because 

|n a sense it involves a higher level of retrieval--the individual must not only reach into the 

store and find information relating to a stimulus, he must actually produce an item from that 
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s to re .  Despi te  i t s  d i f f icu l t ies ,  the use  of th i s  p r o c e d u r e  s e e m e d  to be jus t i f i ed  because  it  is  

an i m p o r t a n t  f o r m  of r e t r i e v a l  and  p rov ides  addi t ional  i n fo rma t ion  about  the r e t r i e v a l  p rocess .  

The bas i c  p r o c e d u r e  was to p r e s e n t  the sub jec t  with  a s t imu lus  c o n s i s t i n g  of a noun 

ca tegory  pa i red  with e i t h e r  a l e t t e r  o r  an ad jec t ive ,  and ask  h im to provide  a word  tha t  b e -  

longed in the ove r l ap  defined by the pa i r .  Fo r  example ,  sub jec t s  who were  p r e s e n t e d  with 

the pa i r  " f r u i t - P "  might  say  "peach" ,  " p e a r " ,  o r  " p l u m " ,  among o the r  pos s ib i l i t i e s .  A 

c o r r e c t  r e s p o n s e  would be any word beginning  wi th  " P "  tha t  n a m e s  a kind of f rui t .  R e s p o n s e s  

such  as  "app le"  o r  "pony"  would be i n c o r r e c t .  

As d e s c r i b e d  above,  the ma in  focus of the s tudy was on the ex ten t  to which  the 

r e t r i e v a l  m e c h a n i s m  involved s u c c e s s i v e  scanning.  The effect  of s ize  of the a r r a y  to be 

s e a r c h e d  on r e t r i e v a l  t ime  was an indica t ion  of the p r e s e n c e  o r  ab sence  of s u c c e s s i v e  p r o c e s -  

s ing.  The ef fec t  of a r r a y  s ize  was  inves t iga t ed  by s e l ec t i ng  m a n y  noun c a t e g o r i e s  t ha t  r a n g e d  

in s ize  f r o m  ve ry  s m a l l  (e.  g . ,  s e a s o n s ,  gems)  to e x t r e m e l y  l a r g e  (words ,  f i r s t  n a m e s ) .  

Another  consequence  of s u c c e s s i v e  p r o c e s s i n g  c o n c e r n s  the ef fec t  of the a r r a y  defined 

by the over l ap  of the noun ca t ego ry  with the  ad jec t ive  or  l e t t e r  r e s t r i c t o r ,  or  equiva lent ly ,  

the n u m b e r  of poss ib le  c o r r e c t  r e s p o n s e s .  The s ize  of the over l ap  v a r i e d  f rom a m i n i m u m  

of one ( " a n i m a l - Z " ,  with  " z e b r a "  be ing  the only c o r r e c t  r e s p o n s e  in mos t  peop le ' s  m e m o r y  

s to re )  to v e r y  l a r g e  ( " f i r s t  n a m e - J " ,  wi th  dozens  of n a m e s  being poss ib le  r e s p o n s e s ) .  To 

the ex ten t  tha t  s u c c e s s i v e  scann ing  plays a ro le  in r e t r i e v a l ,  i t  s e e m s  l ike ly  tha t  the l a r g e r  

the n u m b e r  of poss ib le  r e s p o n s e s ,  the s o o n e r  a sub jec t  wil l  find and produce  one. 

The s tudy thus  p rov ides  two ways of a s s e s s i n g  the ex ten t  to which  s u c c e s s i v e  scann ing  

o c c u r s  in the r e t r i e v a l  p r o c e s s :  the  ef fec t  of s ize  of the  c a t e g o r y  on r e a c t i o n  t i m e  and  the  

e f fec t  of ove r l ap  of the  ca t ego ry  and  mod i f i e r  on r e a c t i o n  t ime .  

Method 

F o r t y  sub jec t s  w e r e  indiv idual ly  told tha t  we w e r e  conduct ing a s tudy of how m e m o r y  

worked,  tha t  they would see  i t e m s  cons i s t i ng  of c a t e g o r i e s  and e i t h e r  ad jec t ives  o r  l e t t e r s ,  

and tha t  they should r e s pond  with a word  that  was an app rop r i a t e  m e m b e r  of the ca tegory .  

They w e r e  given e x a m p l e s ,  and told to r e s p o n d  as  quickly  as  poss ib l e ,  but to avoid e r r o r s .  

Dur ing  the e x p e r i m e n t ,  the  sub jec t  sa t  in  f ron t  of a s c r e e n  in which  was  a window 

cove red  by h a l f - s i l v e r e d  g l a s s .  An index c a r d  conta in ing  the  s t imu lus  was  p laced  in a da rk  

e n c l o s u r e  behind the m i r r o r  and was p r e s e n t e d  by i l lumina t ing  the e n c l o s u r e .  A mic rophone  

was p laced  in f ron t  of the  sub jec t  and  he r e sponded  by speaking  into it.  

A t r i a l  cons i s t ed  of the  following. As a c a r d  wi th  the  i t e m  p r in t ed  in l a r g e  type was 

p laced  in the  da rkened  e n c l o s u r e  behind the  h a l f - s i l v e r e d  m i r r o r ,  the  e x p e r i m e n t e r  sa id  

"Ready" ,  and  p r e s s e d  a button tha t  i l l um i na t ed  the f i r s t  m e m b e r  of the  s t imu lus  pa i r .  Af te r  

an  in t e rva l  of a t  l e a s t .  5 s e c . ,  the second m e m b e r  of the s t imu lus  pa i r  was  au toma t i ca l ly  
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i l luminated,  and s imul taneous ly  an e l ec t r i c  t i m e r  with a DC clutch was s t a r t ed .  The sub-  

j e c t ' s  verba l  r e s p o n s e  ac t iva ted  a voice key that  s topped the clock and t e r m i n a t e d  the t r i a l .  

Each  subjec t  r e c e i v ed  a random sequence of 96 s t imul i  with the ca tegory  p reced ing  the 

r e s t r i c t e r  on half the t r i a l s  and following it on the o ther  half.  

Resu l t s  

The two r e s u l t s  that bea r  on the succes s ive  scanning i s sue  as  as  follows. 

1) There  was a nonsignif icant  co r r e l a t i on  of - .  22 between ca tegory  s ize  and reac t ion  t ime .  

Thus, con t r a ry  to expecta t ions  f rom a succes s ive  scanning model ,  the amount of t ime to r e -  

t r i eve  a word  f rom a l a rge  ca tegory  is  not g r e a t e r  than for a smal l  c a t e g o r y - - r a t h e r  the re  is  

l i t t le  re la t ionsh ip  between s ize  and la tency and what the re  is  indica tes  that l a r g e r  ca t ego r i e s  

take l e s s  t ime than smal l  ca t ego r i e s .  

2) There  was a nonsignif icant  co r r e l a t i on  of . 02 between the number  of poss ib le  c o r r e c t  

r e s p o n s e s  and reac t ion  time~ also  con t r a ry  to expecta t ions  f rom a succes s ive  scanning model .  

Although size of ca tegory  and over lap  do not affect  reac t ion  t ime,  o ther  va r i ab les  do. 

1) Reca l l  that  each  s t imulus  cons i s t ed  of a noun and e i the r  a l e t t e r  o r  an adject ive;  and that  

the noun came  e i the r  f i r s t  o r  second.  React ion t ime was s ignif icant ly f a s t e r  when the noun 

came f i r s t  r a t h e r  than second (1.87 vs.  2.12 s e c . ) .  React ion t ime was  a lso  s ignif icant ly  f a s -  

t e r  when the s t imulus  included an adject ive r a t h e r  than a l e t t e r  (1 .84 vs .  2.15 s e c . ) .  

2) A second var iab le  involves the f requency in Engl ish  of the poss ib le  c o r r e c t  r e s p o n s e s .  

Specifical ly the f requency in Engl ish  of the one c o r r e c t  r e s p o n s e  that  had the h ighes t  such f r e -  

quency was  r e l a t ed  to reac t ion  t ime.  Stimuli that have higher  f requency  r e s p o n s e s  tend to 

have f a s t e r  r eac t ion  t imes .  This  finding i s  a fu r ther  demons t ra t ion  of the f r equency - r eac t ion  

t ime re la t ionsh ip  found by Marbe quite long ago (Thumb and Marbe,  1901; c i ted in Woodworth 

and Schlosberg ,  1954). 

3) Another  impor tan t  var iable  involves the l ikelihood that  a pa r t i cu l a r  r e s p o n s e  will be given 

when subjec ts  a re  asked to name words  that  fit a par t i cu la r  ca tegory .  We call this  the " d o mi -  

nance"  of a r e s p o n s e  within a ca tegory .  Ra the r  than the f requency in the Engl ish  language in 

genera l ,  "dominance"  r e f e r s  to the f requency with which a word  i s  given as  an example  of a 

ca tegory .  Informat ion on dominance was obtained f rom Battig and Montague (1969). It is  

c l ea r  that  high dominance produces  f a s t e r  reac t ion  t imes .  Within the "frui t"  category~ for  

example ,  "apple" is  m o r e  dominant  than " lemon" ;  thus t h e r e  is  a tendency to r e spond  to 

" f ru i t -A"  more  quickly than to f r u i t - L " .  

Discuss ion  

The major  focus of this  study was the quest ion of whe ther  the p r o c e s s  of r e t r i eva l  f rom 

semant ic  m e m o r y  involved s u c c e s s i v e  scanning to any apprec iab le  extent .  To the deg ree  that  
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s u c c e s s i v e  scann ing  of i t e m s  in the m e m o r y  s t o r e  o c c u r s ,  r e ac t i on  t ime  should be longer  

when m o r e  i t e m s  have to be scanned .  When a sub jec t  is  a sked  to produce  an i t em  f r o m  an 

a r r a y  o r  ca tegory ,  the l a r g e r  the ca t egory ,  the longer  the r e a c t i o n  t i m e  should be .  Thus ,  if 

r e a c t i o n  t i m e s  a r e  l onge r  for  l a r g e r  c a t e g o r i e s ,  i t  sugges t s  tha t  s u c c e s s i v e  scann ing  i s  

occu r r ing ;  if  r e ac t i on  t i m e s  a r e  not  longer  for  l a r g e r  c a t e g o r i e s ,  i t  sugges t s  tha t  s u c c e s s i v e  

scann ing  i s  not o c c u r r i n g .  The p r e s e n t  s tudy did not  find a pos i t ive  r e l a t i o n s h i p  be tween 

c a t e g o r y  s ize  and r e a c t i o n  t ime .  F u r t h e r m o r e ,  to the ex ten t  tha t  s u c c e s s i v e  scann ing  plays  

a ro le  in r e t r i e v a l ,  r e a c t i o n  t ime  should be  s h o r t e r  when t h e r e  a r e  a l a rge  n u m b e r  of p o s -  

s ib le  c o r r e c t  r e s p o n s e s  (the m o r e  c o r r e c t  r e s p o n s e s ,  the e a s i e r  i t  should be to find one). 

The p r e s e n t  study did not  find a nega t ive  r e l a t i o n s h i p  be tween  the n u m b e r  of poss ib l e  e o r r e e t  

r e s p o n s e s  and r eac t i on  t ime .  Thus ,  al l  of the ev idence  ind ica tes  tha t  the p r o c e s s  of r e t r i e v a l  

involves  l i t t l e  o r  no s u c c e s s i v e  scann ing  of the m e m o r y  s to re .  

We migh t  ment ion  a t  th i s  point  tha t  the i t e m s  be ing  r e t r i e v e d  w e r e  e x t r e m e l y  w e l l -  

l e a rned .  It  m a y  wel l  be tha t  with  r e l a t i v e l y  o b s c u r e  i t e m s ,  o r  with  e a s y  i t e m s  tha t  for  some  

r e a s o n  a r e  not found quickly,  a sub jec t  eventua l ly  r e s o r t s  to s u c c e s s i v e  scanning .  However, 

i t  a p p e a r s  tha t  wi th  these  o v e r l y - l e a r n e d  i t e m s ,  the n o r m a l ,  succes s fu l  p r o c e s s  of r e t r i e v a l  

does  not  involve s u e e e s s i v e  scann ing  of the m e m o r y  s t o r e .  

A R e t r i e v a l  Model 

If the r e t r i e v a l  p r o c e s s  does  not  involve s u c c e s s i v e  scanning ,  of wha t  does  i t  c o n s i s t ?  

One model  tha t  a p p e a r s  to fi t  much  of the  data  involves  a h i e r a r c h i c a l  o rgan iza t ion ,  by  which  

we mean  a s y s t e m  tha t  is divided into a n u m b e r  of i n t e r connec t ed  s u b s y s t e m s ,  each  of the 

l a t t e r  be ing  h i e r a r c h i c a l  i t se l f .  Specif ical ly ,  ou r  b a s i c  concept ion  i s  tha t  of a m e m o r y  o r g a n -  

ized into a complex  h i e r a r c h y  composed  of c a t e g o r i e s  (e.  g . ,  an ima l s )  wi th  s u b s e t s  of e ach  

(e. g . ,  b i r d s ,  dogs) and s u p e r s e t s  (e. g . ,  l iv ing  things) .  The s e a r e h  p r o c e s s  need  not  begin  

a t  the top and work  down unti l  the app r op r i a t e  subse t  is  found (as  sugges ted ,  for  example ,  by 

Green ,  e t  a l . ,  1963 and  Lindsay ,  1963). R a t h e r ,  e a c h  ca t ego ry  heads  i t s  own h i e r a r c h y  tha t  

can be en t e r ed  d i rec t ly .  Thus ,  to find a b i rd  the ca t ego ry  " b i r d s "  i s  en t e red ;  to find an  a n i -  

ma l ,  the ca t ego ry  " a n i m a l s "  i s  en t e r ed ;  and so on. 

In o r d e r  to expla in  the lack  of e f fec t  of c a t ego ry  s i ze ,  addi t ional  a s s u m p t i o n s  a r e  

n e c e s s a r y .  Within  each  ca t ego ry  i t  s e e m s  l ike ly  tha t  a v a r i e t y  of subse t s  ex i s t .  Some a r e  

noun c a t e g o r i e s  tha t  a r e  spec ia l i zed  m e m b e r s  of the l a r g e r  se t  (e. g . ,  b i r d s  and dogs a r e  

subse t s  of an ima l s ) .  Some a r e  c l u s t e r s  of words  tha t  a r e  h ighly  a s s o c i a t e d  for  any of a n u m -  

be r  of r e a s o n s .  They  m a y  have qua l i t i e s  in c o m m o n  (e.  g . ,  a l l  begin  wi th  the l e t t e r  "S"  o r  

a l l  have long n a m e s  or  a l l  r hym e) .  They m ay  be a s s o c i a t e d  with each  o the r  in the ind iv idua l ' s  

e x p e r i e n c e  (e. g . ,  a l l  be a n i m a l s  in the Pooh  books) .  These  c l u s t e r s  a r e  p robab ly  m o r e  

i d io sync ra t i c  than the ma in ,  noun c a t e g o r i e s ,  but  a r e  somewha t  c o n s i s t e n t  a c r o s s  indiv iduals .  
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And f inal ly ,  unde r  each  ca t ego ry  i s  an und i f f e ren t i a t ed  e n u m e r a t i o n  of e x e m p l a r s .  Within  a l l  

subse t s ,  c l u s t e r s  and the e n u m e r a t i o n ,  the i n s t a n c e s  wil l  be l i s t e d  in a m o r e  or  l e s s  cons t an t  

o r d e r ,  a cco rd ing  to t h e i r  f r equency  in the  language o r  dominance  in the  ca tegory .  

Using  th i s  as  a gene r a l  model ,  we can  begin to d e s c r i b e  how a p e r s o n  manages  the 

t a sk  tha t  he has  been  g iven  in the  above  e x p e r i m e n t .  He m u s t ,  for  example ,  find a f ru i t  b e -  

ginning with the l e t t e r  " P " .  I t  s e e m s  r e a s o n a b l e  to a s s u m e  tha t  the p r o c e s s  of r e t r i e v a l  has  

a t  l e a s t  two m a j o r  s t eps :  1) en t e r i ng  an a p p r o p r i a t e  c a t e g o r y - - " f r u i t s " ;  and 2) f inding an 

app rop r i a t e  m e m b e r  of tha t  e a t e g o r y - - " p e a c h "  (plus,  of cou r se ,  the t ime  r e q u i r e d  to p r o -  

duce the r e s p o n s e  ve rba l ly ) .  These  two s t eps  may  each  be divided into subs t eps ,  but for  the 

m o m e n t  we have no in fo rma t ion  on tha t .  

I t  can  be seen  tha t  nothing in the model  would imply  t ha t  r e t r i e v M  would take l o n g e r  

for  l a r g e r  c a t e g o r i e s .  Step 1 i s  a s s u m e d  to be equal ly  ea sy  for  l a r g e  and s m a l l  c a t e g o r i e s ,  

s ince  the p a r t i c u l a r  c a t e g o r y  is e n t e r e d  d i r ec t ly .  S i m i l a r l y ,  but somewha t  l e s s  obviously ,  

s tep 2 need not  be affected by ca tegory  s ize .  The c r u c i a l  p rob l em is  f inding an in s t ance  of 

the ca t ego ry  that  f i ts  the r e s t r i c t i o n  imposed .  Once the ca t ego ry  is  en t e r ed ,  the next  s tep  

( p r e s u m a b l y  a substep) is  to find an app r op r i a t e  c l u s t e r  of i t e m s .  Under  f ru i t ,  a c l u s t e r  of 

" f ru i t s  beginning  wi th  P "  ex i s t s ,  is  en t e r ed ,  and the f i r s t  e n t r y  is  r e a d  out. If i n s t e ad  the 

t a sk  we re  to find a gem whose co lor  was  g reen ,  the s m a l l e r  se t  " g e m s "  would be en t e r ed  

d i r ec t ly ,  the s u b s e t  " g r e e n  g e m s "  found and  the f i r s t  e n t r y  r e a d  out, And to find "Noun-Y" ,  

a huge se t  wi th  a huge subse t ,  the s ame  p r o c e s s  i s  r epea ted .  In al l  c a s e s ,  i t  c o n s i s t s  of 

f inding a ma in  se t  and a subse t ,  and does not  involve s e a r c h i n g  th rough  au a r r a y  of i n s t a n c e s .  

Th i s  model  of the r e t r i e v a l  p r o c e s s  accounts  for  the lack  of ef fec t  of ca t ego ry  s ize ,  

and,  i t  s e e m s  to us,  is  quite p laus ib le .  The one imp laus ib i l i t y  i s  the notion tha t  so many 

c l u s t e r s  exis t .  It s e e m s  unl ikely  tha t  e v e r y  ca t ego ry  con ta ins  s e p a r a t e  c l u s t e r s  for  e ach  

l e t t e r  and ad jec t ive .  However ,  t h e r e  a r e  two a r g u m e n t s  in favor  of the ex i s t ence  of such  

c l u s t e r s .  F i r s t ,  when a sub jec t  i s  asked  to n a m e  s e v e r a l  f ru i t s  beginning  wi th  a p a r t i c u l a r  

l e t t e r ,  he has  l i t t l e  diff icul ty  in producing  many c o r r e c t  r e s p o n s e s ,  v e r y  rap id ly  (if,  in fact ,  

many  common  r e s p o n s e s  exis t ) .  Tha t  i s ,  he does not  say  "peach" ,  pause  and then say " p e a r "  

pause  and then say "p l um " .  The typica l  pa t t e r n  we have found in i n fo rma l  t e s t i ng  i s  a spu r t  

of s e v e r a l  r e s p o n s e s ,  p e r h a p s  followed by a pause  and then s e v e r a l  m o r e  r e s p o n s e s ,  e tc .  

This  sugges t s  tha t  these  words  a r e  c l u s t e r e d  in some  s o r t  of funct ional  r e l a t i onsh ip .  The 

second a r g u m e n t  in favor  of the  ex i s t ence  of c l u s t e r s  is  tha t  when mu l t i d imens iona l  sca l ing  

and c l u s t e r i n g  p r o c e d u r e s  a r e  appl ied to ca t ego ry  r e t r i e v a l  data ,  c e r t a i n  c a t e g o r y  m e m b e r s  

tha t  have  qua l i t i es  in c o m m o n  tend to c l u s t e r  t oge the r  (Shepard ,  1972). 

In th i s  model ,  we have made  the a s s u m p t i o n  tha t  the m e m o r y  s t o r e  is  o rgan ized  

p r i m a r i l y  into noun c a t e g o r i e s .  I t  a l m o s t  c e r t a i n l y  inc ludes  g roups  of i t e m s  tha t  have  q u a l i -  
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t ies  in common (e. g . ,  w a r m ,  red ,  e t e . )  and mac- even have groups  that  have init ial  l e t t e r s  

in common (e. g . ,  all words  s ta r t ing  with P) .  In fact ,  we can handle the fact  that  r e t r i e v a l  

t ime is f a s t e r  when a noun is pa i red  with an adject ive r a t h e r  than a l e t t e r  by postulat ing that  

the main c l u s t e r s  a r e  i t ems  that  have qual i t ies  in common and within these  c l u s t e r s  a r e  

groupings of i t ems  that  have init ial  l e t t e r s  in common.  The ma jo r ,  useful  organiza t ion ,  

however ,  is  thought to be in t e r m s  of noun groupings .  The s ignif icance of th is  assumpt ion  

is  that  the f i r s t  s tep  of the r e t r i e v a l  p r o c e s s  would cons i s t  of locat ing and en te r ing  the a p p r o -  

p r ia te  noun ca tegory .  The p r e s e n t  expe r imen t  p rov ides  some data that  a r e  cons i s t en t  with 

this  model  and that  provide an es t ima te  of the durat ion of the f i r s t  s tep  in the p r o c e s s .  

Each s t imulus  pa i r  was p r e s e n t e d  with the noun e i t h e r  f i r s t  o r  second.  When the noun 

c o m e s  second,  the total r e t r i eva l  p r o c e s s  begins  only a f te r  i ts  p resen ta t ion .  When the noun 

comes  f i r s t ,  s tep  1 can be begun before  the second half  of the pa i r ,  any d i f fe rence  due to 

o r d e r  can be a s s u m ed  to be caused  by that  pa r t  of the p r o c e s s  that  is  comple ted  before  the 

second half is  shown. Thus,  the d i f fe rence  between noun f i r s t  and noun second is  an ind ica -  

tion of the ex i s tence  of s tep  1 and of i ts  durat ion.  

When nouns a re  p r e s e n t e d  f i r s t ,  the mean reac t ion  t ime is 1.87 s e c . ,  with noun 

second it i s  2.12 sec .  This  d i f fe rence  of . 25 is  quite s table  a c r o s s  somewhat  d i f fe ren t  con -  

di t ions.  With noun- le t t e r  pa i r s ,  it  i s .  27 s e c . ;  with noun-adjec t ive  pa i r s  it i s  . 23 sec .  

These data support  the idea that s tep 1 cons i s t s  of en te r ing  the noun ca tegory ,  and sugges t  

that  the durat ion of s tep  1 is  a p p r o x i m a t e l y .  25 sec .  for  the p rocedure  employed he re .  

To s u m m a r i z e ,  we have p r e sen t ed  a h i e r a r c h i c a l  s torage  model ,  and have p roposed  

that  the r e t r i eva l  p r o c e s s  f rom semant ic  m e m o r y  c o n s i s t s  of two dis t inc t  s teps  (en ter ing  the 

appropr ia te  ca tegory  and then finding an appropr ia te  m e m b e r  of that  ca tegory) .  This  g e n e r -  

al model is  cons i s t en t  with the lack of r e la t ionsh ip  between ca tegory  s ize  and r e t r i e v a l  t ime ,  

and is given some support  by the d i f ference  in reac t ion  t imes  when the noun is p re sen ted  f i r s t  

and second.  That d i f fe rence  o f .  25 sec .  a lso  s e r v e s  as  an indication of the durat ion of s tep  

1 of the r e t r i e v a l  p r o c e s s .  

Expe r imen ta l  Support for  the Model 

Now let  me p r e s e n t  some evidence support ing th ree  d i f fe rent  a s p e c t s  of the model .  

1) The semant ic  m e m o r y  s to re  is  o rgan ized  p r i m a r i l y  into noun ca t ego r i e s .  

The assumpt ion  that  the major  organizat ion i s  in t e r m s  of noun ca t ego r i e s  has  s e v e r a l  

impor tant  impl ica t ions .  One observable  consequence  conce rns  the number  of words  that a 

subjec t  can produce in a given amount of t ime under  var ious  condi t ions .  If we p r e s e n t  a noun 

ca tegory  and give a subject ,  say,  one minute to wr i t e  down any i t e m s  that  belong in the c a t e -  

gory,  he should be able to produce more  i t ems  than if we p r e s e n t  him with an adject ive and 

ask him to wr i t e  any i t ems  which have the inheren t  quality of that  adject ive .  Accord ing  to the 
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model~ when a subject  is  p r e sen t ed  with a noun ca tegory ,  he e n t e r s  that  ca tegory  in his 

semant ic  m e m o r y  and begins  to name m e m b e r s  of the ca tegory  that  a re  s to red  the re .  When 

he s e e s  an adject ive ,  however ,  he mus t  s t i l l  en t e r  the m e m o r y  s to re  at some noun ca tegory ,  

whereupon he can name m e m b e r s  of that  ca tegory  which have the inherent  quality of the p r e -  

sented adject ive .  When he has names  as  many m e m b e r s  as  he can,  he mus t  shift  to another  

ca tegory  and begin to name i tems  f rom it. Thus, when p re sen t ed  with an adject ive  fewer  

i t ems  should be produced for two r e a s o n s :  (a) The subject  mus t  decide which ca tegory  to 

e n t e r  f i r s t ,  and this  dec is ion  takes t ime ,  and (b) he mus t  shif t  f rom one ca tegory  to another  

whenever  he needs to, and shift ing takes t ime 

An expe r imen t  was  des igned to de t e rmine  whether  the number  of r e s p o n s e s  given to a 

noun i s  d i f fe rent  f rom the number  of r e s p c a s e s  given to an adject ive .  Two hundred s tudents  

were  told that  they would see  s t imul i  cons is t ing  of e i the r  a noun or  an adject ive .  If the s t i m -  

ulus were  a noun ca tegory ,  they w e r e  to wr i t e  down as  many i t e m s  as  they could that  b e -  

longed to that ca tegory ,  Fo r  example ,  subjec ts  who were  p r e s e n t e d  with the s t imulus  " s e a -  

food" might  say " o y s t e r  ~', " c l am" ,  and " s h r i m p " ,  among o ther  poss ib i l i t i e s .  If the s t imulus  

w e r e  an adject ive ,  the subject  was to wr i t e  down as  many i t ems  as  he could that  had the i n -  

heren t  quality of the adject ive .  Fo r  example ,  if the s t imulus  were  "ha rd" ,  the subjec t  might  

say "b r i ck" ,  ~'roek", " wood ' ,  e tc .  Detai ls  about the p rocedure  can be found in Loftus (1972). 

The mean  number  of r e s p o n s e s  given in one minute to noun s t imul i  was  12.03 and to 

adject ive s t imul i  it was  9.15.  More deta i led  ana lyses  of the r e s p o n s e  pro toco ls  indicated 

that  when the s t imulus  was  a noun, a lmos t  all  the r e s p o n s e s  w e r e  ins t ances  of that  noun c a t e -  

gory.  However,  when the s t imulus  was an adjec t ive ,  subjec ts  tended to name a number  of 

i t ems  f rom one ca tegory ,  shif t  to another  ca tegory  and name a number  of i t e m s  f rom that 

ca tegory ,  shift  again, and sG on. One sub jec t ' s  r e s p o n s e  protocol  to the s t imulus  " sma l l "  

i l l u s t r a t e s  this  tendency:  " r a t ,  mouse ,  cana ry ,  parakeet ,  toe,  f inger ,  eye,  e a r " .  This s u b -  

jec t ,  i t  can be seen,  named  two an imals ,  two b i rds ,  and four pa r t s  of the body. These  r e -  

stilts a r e  cons i s t en t  with a model  that d e s c r i b e s  m e m o r y  as  being organ ized  p r i m a r i l y  into 

noun ca t ego r i e s .  Only a f t e r  a subjec t  has en t e red  a noun ca tegory  does  he find c l u s t e r s  of 

i t ems  that  have qual i t ies  in common.  In o ther  words ,  a f te r  complet ing the f i r s t  s tep  of the 

r e t r i eva l  p r o c e s s  {category entry) ,  the subjec t  may find a c l u s t e r  of ins tances  to which a 

given adject ive appl ies .  

The second piece of evidence in support  of the assumpt ion  that  the m e m o r y  s to re  is  

organized  p r i m a r i l y  into noun ca t ego r i e s  grew out of a conversa t ion  with Allan Coll ins at  a 

1971 meet ing  of the E a s t e r n  Verba l  Inves t iga to r ' s  League.  We were  d i scuss ing  the finding 

that  reac t ion  t ime is s ignif icant ly  f a s t e r  when a noun ca tegory  c o m e s  before  the adject ive  or  

l e t t e r  r e s t r i e t o r .  This finding is  somewhat  s u r p r i s i n g  in view of the fact  that  Engl ish  language 
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hab i t s  favor  an ad jec t ive -noun  o r d e r .  We ta lk  about  a "yel low b i rd"  but n e v e r  a " b i r d  yellow". 

The ques t ion  a r i s e s  a s  to w he t he r  t h e r e  a r e  spec ia l  ad j ec t ives  such  tha t  r e a c t i o n  t ime  in a 

product ion  t a sk  would be f a s t e r  i f  the  ad jec t ive  p r eceded  the  noun.  P e r h a p s  i f  we could find 

ad jec t ives  tha t  w e r e  m o r e  c lose ly  r e l a t e d  to p a r t i c u l a r  i n s t a n c e s  than we re  the s u p e r o r d i  

na t e s  of those  i n s t a n c e s ,  a r e v e r s a l  would occur .  F o r  example ,  if  " s o u r "  i s  m o r e  c lo se ly  

r e l a t e d  to " l emon"  than i s  " f ru i t " ,  then p e r h a p s  p r e s e n t i n g  " s o u r "  f i r s t  and " f r u i t "  second  

would r e s u l t  in a f a s t e r  " l e m o n " .  

We used  the Kent  and Rosanof f  (1910) n o r m s  as  one c o u r s e  of ad j ec t i ve s .  T h e s e  

n o r m s  a r e  the a s s o c i a t i o n s  of 1000 sub jec t s  to 100 f a m i l i a r  Eng l i sh  words .  In the Kent  and 

Rosanoff  n o r m s ,  the l ist ing of r e s p o n s e s  to " s o u r "  ind ica tes  tha t  " l emon"  or  " l e m o n s "  i s  the  

second  m o s t  c o m m o n  r e s p o n s e .  The only word  g iven  m o r e  often i s  " swee t " .  In the  Ba t t ig  

and Montague (1969) n o r m s ,  however ,  the r e s p o n s e s  to " f ru i t "  indica te  tha t  " l emon"  is  the 

n in th  m o s t  c o m m o n  r e s p o n s e .  Thus ,  in some  s e n s e ,  " s o u r "  i s  m o r e  c lo se ly  r e l a t e d  to 

" l emon"  than i s  " f ru i t " .  Even in c a s e s  such  as  these ,  however ,  r e a c t i o n  t ime  is  s h o r t e r  

when the noun i s  p r e s e n t e d  f i r s t .  The r e t r i e v a l  model  p roposed  accoun t s  for  th i s  fac t  by 

a s s u m i n g  tha t  m e m o r y  i s  o rgan i zed  p r i m a r i l y  into a complex  h i e r a r c h y  of noun c a t e g o r i e s  

and tha t  the f i r s t  s tep  of the r e t r i e v a l  p r o c e s s  is  to e n t e r  one of these  noun c a t e g o r i e s .  

2. Each  ca t ego ry  in the  h i e r a r c h i c a l  o rgan iza t i on  can  be e n t e r e d  d i r ec t ly .  

A por t ion  of a hypothe t ica l  m e m o r y  s t r u c t u r e  migh t  cons i s t s  of " l iv ing  th ing"  with 

" a n i m a l "  and "vege tab le"  as  s ubs e t s  of it ,  the s u p e r s e t  " b i r d "  and " s n a k e "  as  subse t s  of 

" a n i m a l " ,  and  " c a n a r y "  and " r o b i n "  as  i n s t a n c e s  of the s u b s e t  " b i r d " .  Suppose for  a m o m e n t  

tha t  a ca tegory  name  cannot  be loca ted  d i rec t ly ,  but  mus t  be found by beginning  a t  the top of 

the s eman t i c  h i e r a r c h y  and s e a r c h i n g  don ward  th rough  the  h i e r a r c h y .  I t  fol lows t ha t  the 

t i m e  r e q u i r e d  to r e t r i e v e  an in s t ance  of any ca t ego ry  should r e f l e c t  the n u m b e r  of s u p e r s e t s  

th rough  which the sub jec t  m u s t  move before  f inding the app rop r i a t e  ca tegory .  Thus ,  we 

would expec t  the  t ime  taken  to r e t r i e v e  an in s t ance  of the c a t e g o r y  " b i r d "  to be g r e a t e r  than  

the t ime  to r e t r i e v e  an an ima l ,  because  the sub jec t  m u s t  move th rough  at  l e a s t  one e x t r a  

s u p e r s e t  to loca te  the ca t ego ry  " b i r d " .  Note tha t  we have opera t iona l ly  d e s c r i b e d  the h i e r -  

a r a c h y  by a s s u m i n g  that ,  fo r  a s n p e r o r d i n a t e - s u b o r d i n a t e  pa i r  of c a t e g o r i e s  such  as  a n i m a l -  

b i rd ,  the supe ro rd ina t e  (which inc ludes  eve ry th ing  tha t  be longs  in the subord ina te  category)  

wil l  be  h igher  on the h i e r a r c h y .  Fo r  any s u p e r o r d i n a t e - s u b o r d i n a t e  pa i r ,  then ,  r e t r i e v i n g  

an in s t ance  of the s u p e r o r d i n a t e  ca t ego ry  should take l e s s  t ime ,  a cco rd ing  the view tha t  

each  ca t ego ry  cannot  be locate  d i rec t ly .  

A l t e rna t ive ly ,  suppose  that  when a s e a r c h  p r o c e s s  beg ins  wi th  a p a r t i c u l a r  c a t e g o r y  

name ,  tha t  n a m e  is d i r e c t l y  a c c e s s i b l e  by some c e n t r a l  p r o c e s s o r ,  i n s t ead  of be ing  a c c e s -  

s ib le  only via  a s e a r c h  a long a h i e r a r c h i c a l  path.  In th i s  ca se ,  t h e r e  i s  no r e a s o n  to expec t  
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any d i f f e rence  in the t ime  t aken  to r e t r i e v e  an  i n s t ance  of the  c a t e g o r y  " b i r d "  and the  t i m e  

taken to r e t r i e v e  an an ima l .  

We have des igned  au e x p e r i m e n t  to d e t e r m i n e  w h e t h e r  the t ime  r e q u i r e d  to name  an 

in s t ance  of a ca t ego ry  is  dependent  upon the posi t ion of the  ca t ego ry  in a s e m a n t i c  h i e r a r c h y .  

In des ign ing  the e x p e r i m e n t ,  a c e n t r a l  p r o b l e m  was to e n s u r e  tha t  c a t e g o r i e s  used  could be 

c l a s s i f i e d  a c c u r a t e l y  a c c o r d i n g  to t h e i r  r e l a t i v e  posi t ion in the  h i e r a r c h y .  Th i s  was  a c c o m p -  

l i shed  by us ing  p a i r s  of nes ted  c a t e g o r i e s  in which  the s u p e r o r d i n a t e  ca t ego ry  included by 

def ini t ion eve ry th ing  tha t  belonged in the subord ina te  ca tegory .  F o r  example ,  the ca t ego ry  

" b e v e r a g e s "  conta ins  a l l  a lcohol ic  b e v e r a g e s ,  " m u s i c a l  i n s t r u m e n t s "  conta ins  a l l  s t r i nged  

i n s t r u m e n t s ,  and " a n i m a l s "  con ta ins  a l l  b i r d s .  In th i s  e x p e r i m e n t  the  sub jec t  was  p r e s e n t e d  

wi th  both  a s u p e r s e t  n a m e  (e.  g . ,  beve rage ) ,  and r e q u i r e d  to give a m e m b e r  of tha t  ca tegory ,  

and a subse t  name  (e. g . ,  a lcohol ic  beverage)  and r e q u i r e d  to give a m e m b e r  of it .  This  

a l lowed a d i r e c t  c o m p a r i s o n  of the t ime  taken to produce  m e m b e r s  of s u p e r s e t s  and subse t s .  

F o r  addi t iona l  de ta i l s ,  s ee  Loftus ,  e t  al .  (1970). 

Subjects  took an  a v e r a g e  of 1.60 see .  to produce  a m e m b e r  of a s u p e r o r d i n a t e  

ca tegory ,  and 1 .49  sec .  to produce  a m e m b e r  of a subord ina te  ca tegory .  This  nons ign i f i can t  

d i f fe rence  is i ncons i s t en t  with  the view tha t  a s e a r c h  p r o c e s s  beg ins  at  the top of the h i e r -  

a r c h y  and follows pathways downward through the ne twork .  Such a view would p r ed i c t  longer  

t i m e s  for  a subse t  c a t ego ry  than for  a s u p e r s e t  c a t e g o r y  s ince  the s u b s e t  is  loca ted  c l o s e r  to 

the bo t tom of the h i e r a r c h y .  The p r e s e n t  r e s u l t  ac tua l ly  ind ica tes  a s l igh t  d i f f e rence  in the 

opposi te  d i r ec t ion .  These  data  a rgue  in favor  of a model  in which e a c h  ca t ego ry  can be 

loca ted  d i rec t ly .  

3, The r e t r i e v a l  p r o c e s s  c o n s i s t s  of two m a j o r  s t eps .  

In th i s  sec t ion ,  we d i s cus s  two e x p e r i m e n t s  tha t  w e r e  o r ig ina l ly  des igned  to provide  

m o r e  in fo rmat ion  as  to why some  i t e m s  a r e  r e s p o n d e d  to quickly whi le  o t h e r s  r e q u i r e  a c o n -  

s i de r ab ly  longe r  r e s p o n s e  t ime .  Fo r  example ,  sub jec t s  take l e s s  than 1.00 sec .  to name  a 

co lor ,  but  they take n e a r l y  twice as  long to n a m e  a bui lding (Loftus,  e t  a l . ,  1970). If e ach  

ca t ego ry  i s  e n t e r e d  d i r ec t ly ,  the r e a s o n  tha t  some  c a t e g o r i e s  a r e  l e s s  a c c e s s i b l e  than o t h e r s  

cannot  be due to the n e c e s s i t y  of s e a r c h i n g  th rough  m o r e  of the  h i e r a r c h y  to r e a c h  those  

categories. 

One possible answer to the question of why the speed of producing instances of some 

categories is faster than others is suggested by the effect of word frequency on identification 

time. It is well established that reaction times to identify high frequency words are faster 

than for low frequency words (Rubenstein, et al., 1970). This difference in ease of recog- 

nition may account for difference in the speed of producing instances of a category. 
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Clea r ly ,  s t imu lus  r ecogn i t ion  i s  a log ica l ly  n e c e s s a r y  s tep  in p roduc t ion  of a r e s p o n s e  

f r o m  m e m o r y .  In o the r  words ,  when a sub jec t  i s  a sked  to n a m e  a m e m b e r  of a p a r t i c u l a r  

ca tegory ,  he m u s t  " r e c o g n i z e "  the s t imu lus  word  (in th i s  c a s e ,  the ca t ego ry  name)  be fo re  he  

can  find and produce  a m e m b e r  of the  ca tegory .  Thus ,  the  p roduc t ion  of the r e s p o n s e  "peach"  

to the s t imu lus  " f ru i t "  depends  not  only on the ex i s t ence  in m e m o r y  of a l ink  be tween  "peach"  

and '*frui t" ,  but  a l so  upon the s eman t i c  ident i f ica t ion  of " f r u i t "  when i t  is  p r e s e n t e d .  The 

recogn i t ion  o r  s e m a n t i c  ident i f ica t ion  of a c a t ego ry  n a m e  may  be equ iva len t  o r  a t  l e a s t  a p a r t  

of what  we have been  ca l l ing  " c a t e g o r y  e n t r y "  o r  s tep  i of the r e t r i e v a l  p r o c e s s .  

If  the f i r s t  s tep  in the r e t r i e v a l  p r o c e s s  is  indeed recogni t ion  of the ca t ego ry  n a m e  and 

if  recogni t ion  speed is  a funct ion of the f requency  in the language of tha t  name ,  then th i s  s tep  

of the p r o c e s s  should c l e a r l y  take longe r  for  c a t e g o r i e s  whose n a m e s  a r e  low f requency  

words .  Othe r  things be ing  equal ,  then,  the to ta l  t ime  to n a m e  a m e m b e r  of a ca t ego ry  wi th  

a h igh - f r equency  n a m e  should be s h o r t e r  than the t ime  to name  a m e m b e r  of a l ow- f requency  

ca tegory .  

An e x p e r i m e n t  was conducted in which  sub jec t s  were  p r e s e n t e d  wi th  a s e r i e s  of 

ca t ego ry  n a m e s ,  and had to r e s pond  with the f i r s t  word tha t  they could think of belonging to 

the ca tegory .  We will  r e f e r  to th i s  as  E x p e r i m e n t  I; m o r e  comple te  de ta i l s  can  be found in 

Loftus and F r e e d m a n  (1972), The mean  t ime  to produce  a m e m b e r  of a ca t ego ry  whose  ~ame  

is  a h igh f requency  word was  i .  64 sec° and to produce  a m e m b e r  of a ca t ego ry  whose  name  

is  a low f requency  word was i .  89 sec .  The d i f fe rence  was highly s igni f icant ,  ind ica t ing  

c l e a r l y  tha t  the f requency  of the ca t ego ry  name  is  a s s o c i a t e d  wi th  speed of producing  an  i n -  

s t ance  of tha t  ca tegory .  We have sugges ted  tha t  th i s  is  due to the g r e a t e r  t ime  r e q u i r e d  

m e r e l y  to ident ify the lower  f requency  name .  The poss ib i l i ty  r e m a i n s ,  however ,  t ha t  the 

f requency  of the n a m e  a l so  a f fec t s  the second p a r t  of the r e t r i e v a l  p r o c e s s - - t h a t  p a r t  which  

o c c u r s  a f t e r  the n a m e  has  been  ident i f ied.  In o the r  words ,  once the s t imu lus  has  been  fully 

" r e c o g n i z e d " ,  i t  may  s t i l l  take longe r  to n a m e  a m e m b e r  of a c a t e g o r y  wi th  a low f r equency  

name .  A second e x p e r i m e n t ,  which  we r e f e r  to as  E x p e r i m e n t  H, was  des igned  to t e s t  t h i s  

poss ib i l i ty .  

In the second e x p e r i m e n t ,  the  p r ob l em  was  to des ign  a p r o c e d u r e  tha t  would e l i m i n a t e  

d i f f e r ences  due to the f i r s t  ( read ing  and ident i f icat ion)  p a r t  of the r e t r i e v a l  p r o c e s s  but  tha t  

would enab le  us  to m e a s u r e  the  speed of the r e s t  of the  p r o c e s s  (f inding and producing the  

c o r r e c t  r e sponse ) .  The f i r s t  r e q u i r e m e n t  was  m e t  by giving the sub jec t  the  ca t ego ry  n a m e  a 

full 3 sec .  be fore  he had to make  any r e s p o n s e .  Since the f i r s t  s tep  takes  c o n s i d e r a b l y  l e s s  

than 3 sec .  p r e s u m a b l y  th i s  p rov ided  ample  t ime  for  the sub jec t  to r e a d  and ident i fy  any 

ca t ego ry  name ,  and thus e l imina t ed  any d i f f e rences  in respcu  se t ime  due to d i f fe rence  in 

r ead ing  speed.  I t  was  e s s e n t i a l  a t  th i s  point  to p r even t  the sub jec t  f r o m  i m m e d i a t e l y  b e g i n -  
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ning the r e s t  of the r e t r i e v a l  p r o c e s s  until we in e s s e n c e  told him to s t a r t .  This  was  

accompl i shed  by r equ i r ing  a var ie ty  of r e s p o n s e s  to the ca tegory  name so that  the subjec t  

did not know ahead of t ime which r e s p o n s e  he would have to give and accordingly  would not 

know for which to begin search ing .  The idea was that  under  these  c i r c u m s t a n c e s  the subject  

would wait  until he was asked for  a pa r t i cu la r  r e s p o n s e  to begin the appropr ia te  r e t r i eva l  

process. 

The subjec t  was given a ca tegory  name and was  r e q u i r e d  to answer  s eve ra l  ques t ions  

about that  ca tegory .  The ques t ions  ( ins t ruct ions)  w e r e :  (a) " f i r s t  l e t t e r " ,  in which the sub -  

j ec t  r e sponded  with the f i r s t  l e t t e r  of the ca tegory  name;  (b) " l a s t  l e t t e r " ,  in which case  the 

subjec t  r e s p o n d e d  with the l a s t  l e t t e r  of the ca tegory  name;  (c) " length" ,  in which case  the 

subjec t  r e sponded  with the number  of l e t t e r s  in the ca tegory;  and (d) " m e m b e r " ,  in which 

case  the subjec t  r esponded  with the f i r s t  word  that  he could think of that  named  an object  that  

belonged in the ca tegory .  We took precaut ions  to ensu re  that  the subjec ts  would not always 

expect  to produce a m e m b e r  of any given ca tegory .  Fo r  deta i ls  the r e a d e r  is  r e f e r r e d  to 

Loftus and F r e e d m a n  (1972). 

The data of i n t e r e s t  were  the r e s p o n s e  t imes  of c o r r e c t  r e s p o n s e s  to the " m e m b e r "  

quest ion.  The mean t ime to produce a m e m b e r  of a ca tegory  whose name is high f requency 

was 1.48 sec .  and to produce a m e m b e r  of a ca tegory  whose name is low f requency was 1.67 

s e c . ,  a highly s ignif icant  d i f fe rence .  Thus even a f te r  the subjec t  has had ample t ime to r ead  

and identify the ca tegory  than a high f requency ca tegory .  

What do we make of these  r e s u l t s ?  Recal l  that  in the or iginal  expe r imen t ,  sub jec t s  

were  p re sen ted  with a noun ca tegory  plus a r e s t r i c t i n g  l e t t e r  o r  adject ive ,  and produced an 

ins tance  of the ca tegory  which sa t i s f ied  the r e s t r i c t i o n  imposed .  When the ca tegory  name 

was p r e sen t ed  f i r s t ,  the mean reac t ion  t ime was 1.87 s e c . ;  with the ca tegory  name p re sen t ed  

second,  it  was 2.12 sec .  The d i f fe rence  o f .  25 sec .  was quite s table a c r o s s  somewhat  d i f -  

fe ren t  condit ions,  and was taken as evidence that  the durat ion of ca tegory  en t ry ,  or s tep  1 of 

the r e t r i eva l  p r o c e s s ,  was a p p r o x i m a t e l y .  25 sec .  

The two expe r imen t s  just  d i s cus sed  a lso  provide an e s t ima te  of the durat ion of s tep  1. 

In Expe r imen t  1 the mean reac t ion  t ime was 1.89 for  low f requency  ca t ego r i e s  and t .  64 sec .  

for  high f requency  ca t ego r i e s .  In Expe r imen t  II the co r r e spond ing  t imes  were  1.67 sec .  and 

1.48 s e c . ,  r e spec t ive ly .  Since E x p e r i m e n t  I included identif icat ion t ime (i. e . ,  included c a t e -  

gory  entry') ~hile Expe r imen t  II did not,  the d i f f e r ences  in reac t ion  t ime between the two e x -  

p e r i m e n t s  provide some indicat ion of ident if icat ion t ime.  Fo r  low f requency ca t ego r i e s  the 

d i f fe rence  is  . 22 sec .  (1.89 - 1.67) and for  high f requency ca t ego r i e s  i t  i s  . t6 sec .  (1.64 - 

1.48). As expected,  ident if icat ion or  en t ry  of a low f requency ca tegory  takes  longer  than for  

a high f requency ca tegory .  The mean for  all ca t egor i e s  is . t9 sec .  Thus,  although the 
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p r e s e n t  p r o c e d u r e s  a r e  quite d i f fe rent  f rom tha t  used  in the o r ig ina l  e x p e r i m e n t  and involve 

r e l a t i v e l y  s i m p l e  (un res t r i c t ed )  r e s p o n s e s ,  the  e s t i m a t e s  of the  du ra t ion  of s t ep  t ob ta ined  

in  the  two p a p e r s  is  quite c o m p a r a b l e  (. 25 sec .  v s . .  19 s e e . ) .  

Conclus ion  

Our  bas i c  concept ion  of  h u m a n  m e m o r y  i s  t ha t  of a s t o r e  cons i s t i ng  of a l a rge  n u m -  

b e r  of i n t e r connec t ed  and c r o s s - r e f e r e n c e d  a s s oc i a t i ve  and ca t ego ry  ne tworks .  Accord ing  

to the model ,  m e m o r y  is  o rgan i zed  into a complex h i e r a r c h y  composed  of c a t e g o r i e s  (e. g . ,  

an ima l s )  with  s u b s e t s  of each  (e. g . ,  b i r d s ,  dogs) and s u p e r s e t s  (e. g . ,  l iv ing things) .  F u r -  

t h e r m o r e ,  when a s e a r c h  begins  with a p a r t i c u l a r  ca t ego ry  name ,  tha t  ca t ego ry  can  be 

e n t e r e d  d i rec t ly ,  without  f i r s t  s e a r c h i n g  th rough  o the r  c a t ego r i e s .  Thus ,  to find a b i rd ,  the  

ca t ego ry  " b i r d s "  is  en t e red ;  to f ind an an imal ,  the  ca t ego ry  " a n i m a l s "  i s  en t e red ,  and so  on. 

A g e n e r a l  model  of the  r e t r i e v a l  p r o c e s s  a s s u m e s  tha t  the  e n t i r e  p r o c e s s  c o n s i s t s  of at l e a s t  

two m a j o r  s t e p s :  (a) en t e r ing  an app r op r i a t e  ca t ego ry  and (b) f inding and producing  an  

app rop r i a t e  m e m b e r  of tha t  ca tegory ,  

We have p r e s e n t e d  the r e s u l t s  of s e v e r a l  e x p e r i m e n t s  to suppor t  va r ious  a spec t s  of 

the model .  F o r  example ,  suppor t  for  the  view tha t  the  r e t r i e v a l  p r o c e s s  c o n s i s t s  of at  l e a s t  

two m a j o r  s t eps  c o m e s  f r o m  the r educ t i on  in to ta l  r e a c t i o n  t i m e  obta ined  when  a sub jec t  has  

a l r eady  r e a d  and " ident i f ied"  the  ca tegory  name.  This  r educ t ion  r a n g e s  f r o m  . 19 to . 25, 

depending on the  task ,  and it  s e r v e s  as  an ind ica t ion  of the  du ra t ion  of the  f i r s t  s t ep  o2 the  

p roces s .  

F u r t h e r  deve lopment  and t e s t i ng  of th i s  model  is  badly needed,  At  th i s  point  the  

model  is  m o r e  l ike a l o o s e  out l ine than  a spec i f ic  theory ,  Much m o r e  r e s e a r c h  will  be 

needed be fo re  we can  ac tua l ly  t r a n s l a t e  t h i s  out l ine into a conc re t e  model .  Even  m o r e  r e -  

s e a r c h  wil l  be n e c e s s a r y  before  we can  bui ld a r e a l i s t i c  model  tha t  t r u ly  d e s c r i b e s  the  c h a r -  

a c t e r i s t i c s  of human  m e m o r y .  One frui t ful  d i r e c t i o n  would involve a r e f ined  ana lys i s  of da ta  

f r o m  individual  sub jec t s  r a t h e r  than  ana lys i s  of da ta  a v e r a g e d  a c r o s s  sub j ec t s ,  because  the  

h i e r a r c h i c a l  o rgan iza t ion  s u r e l y  v a r i e s  acco rd ing  to individual  usage  and e x p e r i e n c e  f r o m  

sub jec t  to sub jec t .  We plan to t u r n  to such  individual  ana lyses  in fu tu re  work .  
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