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Frequenc y Effect s o n Categorizatio n an d Recognitio n 
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Universit y o f  Michiga n 
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A nn Arbor ,  M I  4810 4 

(313)764-031 8 
e-mail :  judy_florianOub.cc.umich.ed u 

A b s t r a c t 

A n experimen t  investigatin g effect s o f 
familiarit y (indicate d b y presentatio n frequency )  o n 
categorizatio n an d recognitio n behavio r  i s  presented . 
Result s sho w frequenc y influence d performanc e unde r 
speede d respons e condition s only ,  producin g increase d 
categorizatio n o f  new ,  simila r  item s wit h th e frequen t 
item ,  an d differentiatio n ( a decreas e i n fals e alarm s t o 
thes e sam e items )  i n recognition .  Thes e result s ar e 
evaluate d wit h respec t  t o differen t  version s o f  a n 
exempla r  mode l  o f  categorizatio n an d recognitio n 
(Medi n &  Schaffer ,  1978 ;  Nosofsky ,  Clar k &  Shinn , 
1989) .  Model s tha t  includ e a  mechanis m fo r 
differentiation ,  o r  change s i n th e similarit y 
computatio n t o a  familia r  example ,  provide d bette r 
description s o f  bot h categorizatio n an d recognitio n 
behavio r  tha n model s withou t  thi s adde d aspect .  Th e 
additio n o f  a  differentiatio n mechanis m improve d flts 
t o categorizatio n dat a o f  al l  thre e version s o f  exempla r 
model s considered :  th e typ e mode l  (i n whic h 
repetition s d o no t  produc e separat e memor y traces) , 
th e toice n mode l  (whic h posit s individua l  memor y 
trace s fo r  eac h repetitio n o f  a n item )  an d th e frequenc y 
paramete r  mode l  (wiiic h iiKlude s frequenc y weightin g 
as a  free  parameter) . 

I n t r o d u c t i o n 

If you live in the Midwest, you are probably 
familia r  wit h specie s o f  bird s differen t  fro m someon e 
livin g i n anothe r  geographi c location .  Fo r  example , 
yo u se e gees e an d duck s throughou t  winter s an d 
caidinsA s heraldin g ever y spring .  A  perso n fro m 
Rorida ,  i n contrast ,  woul d probabl y hav e mor e 
encounter s wit h seagulls ,  egret s an d pelicans ,  bird s 
yo u onl y se e o n vacations .  A n interestin g questio n 
t o as k is ,  doe s you r  bir d concep t  diffe r  fro m a 
Floridian' s becaus e o f  you r  familiarit y wit h differen t 
birds ? 

O ne possibilit y  i s  tha t  you r  concep t  o f  bir d 
i s influence d b y you r  exposur e t o geese ,  an d yo u ar e 
mor e likel y t o thin k o f  a  goose-lik e bir d whe n 
someon e mention s th e categor y bir d A  secon d 

possibilit y i s  tha t  you r  experienc e ha s le d yo u t o 
differentiat e you r  bir d categor y int o th e tw o categorie s 
of  gees e an d birds .  Thi s woul d leav e you r  bir d 
categor y unaffected ,  o r  possibl y eve n les s goose-lik e 
tha n th e Floridian's .  A  las t  possibl e effec t  o f  you r 
experienc e migh t  b e n o effec t  a t  all .  Tha t  is ,  you r 
firs t  encounte r  wit h a  n e w bir d woul d affec t  you r 
concept ,  bu t  repeate d encounter s wit h tha t  anima l 
migh t  not .  Thi s woul d happe n i f  th e categor y 
structur e i s  mor e importan t  i n people' s concep t 
formatio n tha n categor y familiarit y (Rosch ,  Sinq>so n 
& Miller ,  1976) . 

I n thi s paper ,  I  presen t  a n experimen t  tha t 
investigate s effect s o f  familiarit y (a s measure d b y 
frequenc y o f  encounter )  o n categorizatio n an d 
recognition ,  an d evaluat e thes e result s wit h respec t  t o 
differen t  version s o f  a n exempla r  mode l  o f 
categorizatio n an d recognition .  I n particular ,  I  wil l 
compar e model s whic h includ e a  mechanis m fo r 
differentiation ,  o r  change s i n th e similarit y metri c t o 
a familia r  example ,  t o model s withou t  thi s adde d 
aspect . 

The modelin g framewor k employe d wa s th e 
contex t  theor y o f  classiflcatio n (Medi n &  Schaffer , 
1978) .  Accordin g t o thi s theory ,  people' s 
representation s o f  categorie s consis t  o f  store d memor y 
trace s o f  ever y categor y exempla r  observed . 
Categorizatio n decision s ar e mad e b y comparin g a n 
item' s s u m m e d similarit y t o member s o f  differen t 
categories .  Nosofsk y (1988 ,  1991 )  ha s extende d th e 
exemplar-base d classiflcatio n theor y t o accoun t  fo r 
recognitio n performance .  Recognitio n o f  a  stimulu s 
ite m i s  predicte d b y summin g it s similarit y t o al l 
exemplar s store d i n memory .  O n e varian t  o f 
exempla r  theor y i s a  f^pemodel ,  i n \ ^ c h repetition s 
of  example s ar e no t  store d i n memor y a s additiona l 

traces .  Thi s kin d o f  mode l  predict s tha t  ther e ar e n o 
effect s o f  repetitions ,  o r  familiarit y o n categorizatio n 
or  recognition .  A  typ e mode l  ca n b e contraste d wit h 
a toke n model ,  i n \%1uc h ever y experienc e produce s a n 
additiona l  memor y trace .  A  differentiatio n mode l  wa s 
constructe d b y allowin g likelihoo d o f  retrieva l  o f  a 
store d exampl e ( a functio n o f  similarit y t o th e 
exemplar ,  i n thi s model )  t o var y wit h familiarit y o f 
an item .  I n th e differentiatio n model ,  similarit y t o a 
familia r  exempla r  i s  compute d separat e fro m 
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similarit y t o othe r  item s i n th e sens e tha t  th e 
dimensio n weighting s tha t  m a k e u p similarit y ar e 
different .  Fo r  exan^>le ,  i f  gees e ar e differentiate d fro m 
you r  bir d category ,  a  duck-iik e anima l  migh t  no t 
caus e yo u t o retriev e geese ,  bu t  rathe r  duck s an d othe r 
birds .  Whereas ,  a  perso n w h o i s no t  a s familia r  wit h 
gees e migh t  retriev e a  memor y trac e o f  a  goos e i n 
respons e t o presentatio n o f  a  duck . 

F r e q u e n c y E f f e c t s o n Class i f i ca t io n 

a n d R e c o g n i t i o n 

Nosofsky (1988, 1991) found exemplar 
frequenc y effect s o n bot h categorizatio n an d 
recognitio n behavior .  Furthermore ,  a n exempla r 
model  wit h a  fre e paramete r  fo r  frequenc y weightin g 
provide d th e bes t  fit  (ove r  a  straigh t  typ e o r  toke n 
model )  t o hi s dat a (Nosofsky ,  1991) .  Nosofsk y 
(1991 )  foun d exempla r  frequenc y ha d les s pr<Miounce d 
effect s o n recognitio n wiie n compare d wit h effect s o n 
classification .  Furthermore ,  Ratcliff ,  Clar k & 
Shiffri n (1990 )  conducte d studie s i n whic h the y 
increase d a n item' s stud y tim e o r  frequenc y o f 
presentatio n relativ e t o othe r  items .  Recognitio n 
accurac y (d' )  t o th e frequentl y presente d item s 
increase d wit h presentatio n frequency .  However , 
Ratclif f  e t  al .  expecte d t o find  a  greate r  effec t  o f 
frequenc y whe n list s consiste d o f  frequen t  an d 
infrequen t  item s tha n \^e n list s  o f  al l  frequen t  an d al l 
infrequen t  item s wer e compared .  Frequenc y improve d 
recognitio n performanc e i n bot h cases ,  an d sometime s 
eve n mor e fo r  th e pur e list s (al l  frequen t  vs .  al l 
infrequen t  presentations )  tha n mixe d lists .  Shiffrin , 
Ratclif f  &  Clar k (1990 )  accoun t  fo r  thes e dat a wit h a 
varian t  o f  th e exempla r  mode l  S A M whic h include s 
differentiatio n o f  exemplars .  Differentiatio n i s 
accomplishe d i n thi s mode l  b y reducin g th e activatio n 
of  a  "strengthened "  targe t  ite m i n memor y i n respons e 
t o presentatio n o f  a n unrelate d item . 

I n th e presen t  experiment ,  th e effect s o f 
exempla r  frequenc y o n categorizatio n an d recognitio n 
under  bot h speede d an d unspeede d respons e condition s 
was studied .  I n previou s researc h w e foun d minima l 
effect s o f  exempla r  frequenc y whe n subject s wer e 
give n a s m u c h tim e a s the y neede d t o respond . 
Therefore ,  w e include d tw o mor e condition s i n whic h 
subject s wer e force d t o respon d quickly .  Decrease d 
respons e tim e wa s expecte d t o produc e les s accurat e 
recognitio n performance ,  o r  mor e fals e alarm s t o foil s 
simila r  t o th e frequen t  exempla r  (Ratcliff ,  1978) . 
Categorizatio n model s predic t  a  correspondin g effec t 
on categorizatio n performance ;  tha t  is ,  m o r e 
categorizatio n o f  thos e sam e item s wit h th e frequen t 
exemplar . 

M e t h o d 

Deiign.  This experiment used geometric figures 
comprise d o f  fou r  dimensions ,  a s stimuli .  Tw o 
categorie s wer e constructed ,  eac h consistin g o f  thre e 
exemplars .  Th e stimulu s dimension s wer e patter n 
(stripe d o r  shaded) ,  for m (ova l  o r  rectangular) ,  siz e 
(smal l  o r  big )  an d orientatio n (horizonta l  o r  vertical) . 

I n th e Frequen t  condition ,  on e exempla r  wa s 
presente d wit h triple d frequenc y relativ e t o di e othe r 
five  items .  I n th e Contro l  condition ,  al l  exemplar s 
wer e presente d wit h equa l  frequency .  Bot h a 
recognitio n tes t  an d a  classificatio n tes t  consistin g o f 
ne w an d ol d item s wer e given .  N e w transfe r  item s 
wer e eithe r  simila r  t o th e frequent  exempla r  (matchin g 
on 3  o f  th e 4  dimensions) ,  o r  neutra l  i n similarit y t o 
th e frequen t  exempla r  (mismatchin g o n 2  o r  3 
dimensions) . 

Procedure. During the learning phase, a subject 
categorize d th e si x categor y items ,  receivin g feedback , 
unti l  a  bloc k o f  1 8 o r  2 4 (fo r  contro l  an d frequenc y 
conditions ,  respectively )  wa s complete d withou t  an y 
errors .  Next ,  subject s wer e teste d o n recognitio n o r 
classificatio n o f  see n an d unsee n items .  Thi s tes t 
phas e wa s followe d b y a  secon d learnin g phas e (whic h 
ende d unde r  th e sam e criterio n a s th e first)  an d th e 
remainin g test .  Subject s wli o wer e teste d unde r 
speede d condition s wer e instructe d t o respon d a s 
quickl y a s possible .  I n addition ,  thes e subject s wer e 
alerte d afte r  1. 5 second s tha t  the y wer e takin g to o 
lon g t o respon d t o a n item .  (Tes t  order ,  dimensio n 
coding ,  an d categoi y label s wer e countertialanced. ) 

Subjects. Subjects were 113 University of 
Michiga n undergraduate s wh o participate d a s a  cours e 
requiremen t  fo r  a n introductor y psycholog y class . 
The subject s wer e randoml y assigne d t o th e fou r 
experimenta l  conditions . 

R e s u l t s a n d D i s c u s s i o n 

Figure 1 shows the proportion of 
categorizatio n response s o f  n e w transfe r  item s int o 
th e sam e categor y a s th e frequen t  exemplar .  Ther e i s 
an interactio n betwee n tes t  condition s (speede d versu s 
unspeeded )  an d frequenc y conditio n o n categorizatio n 
responses ;  F(l,l09)=15.05 ,  p=0.0002 .  Tha t  is ,  unde r 

speede d conditions ,  exempla r  presentatio n frequenc y 
produce d a n increas e i n th e categorizatio n o f  n e w 
exemplar s wit h th e frequen t  ite m (fro m .6 3 i n th e 
contro l  conditio n t o .7 0 i n th e tripl e frequenc y 
condition) .  Thi s di d no t  occu r  unde r  unspeede d 
respons e condition s (whic h yielde d categorizatio n 
probabilitie s o f  .6 5 an d .6 0 i n th e contro l  an d tripl e 
frequenc y conditicxis ,  respectively) . 
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Figur e 1  als o show s result s o f  th e 
recognitio n test .  Speede d respons e condition s ha d th e 
unexpecte d effec t  o f  increase d recognitio n accurac y i n 

th e frequen t  condition .  Fals e alarm s t o n e w item s 
whic h wer e simila r  t o th e frequentl y presente d 
exempla r  decrease d wit h exempla r  presentatio n unde r 
speede d conditions .  Fals e alar m probabilitie s wer e 

0.8 0 

0.75 -

0.70 -

0.65 -

0.60 -

0.55 -

0.50 -

0.45 -

2 
e 

0.4 0 

contro l frequen t  conditio n 

simila r  t o frequen t  item ,  unspeede d 

others ,  unspeede d 
simila r  t o frequen t  item ,  speede d 
others ,  speede d 

contro l frequenc y conditio n 

Figur e 1 .  Classificatio n (To p Graph )  an d 
Recognitio n Result s (Botto m Graph) . 

.28 in the control condition and .19 in the triple 
frequenc y conditio n unde r  speede d respons e 
conditions .  Unde r  unspeede d conditions ,  exempla r 
presentatio n frequency  di d no t  affec t  fals e alar m rat e t o 
simila r  n e w items .  Fals e alar m rate s wer e .2 4 i n th e 
contro l  condition ,  an d .2 5 i n th e tripl e frequenc y 
conditio n whe n response s wer e no t  speeded .  Again , 
thi s interactio n betwee n exempla r  frequenc y an d 
respons e condition s wa s signiflcant ;  F( i  J09)» l  1.76 , 

p=.0009 . 

Mode l in g o f  Clasiificatio n Resnlti .  Variou s 

version s o f  th e contex t  mode l  o f  categorizatio n 

(Medi n &  Schaffer ,  1978 ;  Nosofsky ,  Clar k &  Shinn , 
1989 )  wer e fi t  t o bot h classificatio n an d recognitio n 
data .  Tabl e 1  contain s a  summar y o f  th e observe d 
dat a an d th e result s o f  mode l  fits ,  includin g value s o f 

G^  whic h i s a  measur e o f  goodnes s o f  fi t  o f  th e 

model .  Decrease s i n G ^  ca n b e use d a s a  measur e o f 
signiflcan t  improvemen t  o f  a  mode l  wit h adde d 

parameter s becaus e i t  conform s t o a  x̂ -distributio n 
wit h degree s o f  freedo m equa l  t o th e numbe r  o f 

additiona l  parameters .  Reduction s i n G ^  exceedin g 

expectatio n accordin g t o a  x  -distributio n ar e use d 
her e t o identif y significan t  improvement s i n mode l 
fits. 

The firs t  compariso n whic h ca n b e mad e i s 
betwee n th e fits  o f  th e typ e model ,  i n ̂diic h exempla r 
repetition s ar e no t  included ,  an d th e toke n model ,  i n 
whic h eac h repetitio n i s include d a s a n additiona l 
exeiiq)la r  i n th e model .  Th e type  mode l  provide s a 
bette r  fit  t o th e dat a tha n th e toke n model ,  whic h 
predict s larg e effect s o f  exempla r  frequency .  A  thir d 
model  include d frequenc y a s a  fre e paramete r 
weightin g o f  th e repeate d exemplar .  Thi s thir d 
model ,  calle d th e Atqueac y panunetennodtl ,  fare d n o 
bette r  tha n th e typ e model ,  however . 

A n additiona l  varian t  (calle d th e 
differentiatio n model )  o f  eac h mode l  (type ,  toke n an d 
frequenc y parameter )  wa s fit  t o th e dat a b y calculatm g 
similarit y t o th e frequen t  ite m wit h a  separat e 
conq>utatio n fro m similtoit y t o othe r  store d items .  I n 
th e contex t  model ,  similarit y betwee n tw o item s i s 
compute d b y multiplyin g similarit y measure s fo r 
eac h dimoision ,  wit h a  matc h alon g an y dimensio n 
yieldin g a  similarit y valu e o f  1  an d a  mismatc h bein g 
assigne d a  valu e betwee n 0  an d 1 .  (Thes e similarit y 
measure s ar e fre e parameter s i n th e model. )  I n th e 
differentiatio n model ,  thes e similarit y value s o f 
mismatche d dimensioi s ar e differen t  fo r  th e frequently 
see n ite m tha n fo r  othe r  learne d items .  Tha t  is ,  th e 
differentiatio n mode l  allow s th e similarit y spac e 
aroun d th e familia r  ite m t o diffe r  fro m th e similarit y 
spac e o f  othe r  exemplars .  Thi s mode l  ca n accoun t  fo r 
differentiation ,  o r  decrease s i n ite m retrieva l  i n 
respons e t o a  prob e wit h increase s i n familiarity ,  i f 
mismatche s alon g dimension s ar e assigne d smal l 
similarit y values .  Thi s woul d hav e th e effec t  o f 
drasticall y reducin g similarit y betwee n a  targe t  an d 
prob e item ,  thereb y suppressin g memor y retrieva l  o f 
th e targe t  item .  I n thi s experiment ,  categorizatio n 
performanc e o f  simila r  n e w item s decrease d wit h 
increase s i n frequenc y o f  presentatio n unde r  unspeede d 
conditions . 

Column s 5- 7 o f  Tabl e I  sho w th e result s o f 
th e differentiatio n mode l  simulations .  Fo r  al l  thre e 
kind s o f  model s (type ,  token ,  an d frequenc y 
parameter) ,  th e additio n o f  exemplar-specifi c 
similarit y parameter s fo r  th e frequen t  exempla r 
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Tabl e 1 . 
Summaiy o f  Observe d an d Predicte d Categoi y Respons e IVobabilide s (to p portion )  an d 'Old *  Recognitio n Probabilitie f 

(botto m poftioa )  fo r  Tes t  Item s b y Similarit y t o Frequen t  Exaoqile. * 

3 

i 

H H 

Classification : 

N e w Exemplai s Simila r 

T o Frequen t  Item : 

Utapeeded ,  Contro l  .6 5 

Unspeeded ,  Tripl e Freq .  .  6 0 

Speeded ,  Contro l  .6 3 

Speeded ,  Tripl e Freq .  .7 0 

Othe r  N e w Exemplars : 

Vtapeeded ,  Contro l  .4 5 

Unspeeded ,  Tripl e Freq .  .4 7 

Speeded .  Contro l  .4 8 

Speeded ,  Tripl e Freq .  .4 3 

G 2 -

Recognition : 

New Exemplai s Simila r 

To Frequen t  Item : 

Unspeeded ,  Contro l  .2 4 

Unspeeded ,  Tripl e Freq .  .2 5 

Speeded ,  Contro l  .2 8 

Speeded ,  Tripl e Fnq .  .1 9 

Othe r  N e w Exemplars : 

Unspeeded ,  Contro l  .2 9 

Unspeeded ,  Tripl e Freq .  .2 8 

Speeded ,  Contro l  .3 2 

Speeded ,  Tripl e Freq .  .2 9 

G2=-

.6 4 

.6 4 

.6 4 

.6 4 

.44 

.4 4 

.4 4 

.4 4 

176. 2 

.2 5 

.2 5 

.2 5 

.2 5 

.29 

.2 9 

.2 9 

.2 9 

57. 7 

.6 3 

.7 2 

.6 3 

.7 2 

.44 

.4 9 

.4 4 

.4 9 

.2 1 

.3 3 

.2 1 

.3 3 

.27 

.2 8 

.2 7 

.2 8 

88. 1 

.6 4 

.6 7 

.6 4 

.6 7 

.44 

.4 5 

.4 4 

.4 5 

.6 4 

.6 6 

.6 4 

.6 6 

.44 

.4 5 

.4 4 

.4 5 

.6 4 

.6 4 

.6 4 

.6 4 

.44 

.4 1 

.4 4 

.4 1 

.6 4 

.6 5 

.6 4 

.6 5 

.44 

.4 1 

.4 4 

.4 1 

.6 4 

.6 3 

.6 4 

.6 9 

.44 

.4 3 

.4 4 

.4 5 

.2 5 

.2 3 

.2 5 

.2 3 

.29 

.2 9 

.2 9 

.2 9 

57. 0 

.2 5 

.2 2 

.2 5 

.2 2 

.29 

.3 0 

.2 9 

.3 0 

.2 5 

.2 2 

.2 5 

.2 2 

.29 

.3 0 

.2 9 

.3 0 

.2 5 

.2 2 

.2 5 

.2 2 

.29 

.3 0 

.2 9 

.3 0 

.2 5 

.2 4 

.2 5 

.1 9 

.29 

.3 0 

.2 9 

.3 0 

.6 4 

.6 0 

.6 4 

.7 0 

.44 

.4 1 

.4 4 

.4 1 

199. 5 174. 1 161.4* > 155.8 ^  151.8 ^  158.7 ^  151.9 ^ 

.2 5 

.2 5 

.2 5 

.1 8 

.29 

.3 0 

.2 9 

.2 9 

55. 8 57.6 ^  55. 4 53. 9 53.8 ^ 

.6 4 

.6 3 

.6 4 

.6 9 

.44 

.4 1 

.4 4 

.4 1 

151.0 ^ 

.2 6 

.2 4 

.2 6 

.1 8 

.29 

.3 0 

.2 9 

.3 0 

53. 6 

^ot e tha t  mode l  fitting s wer e t o performanc e o n individua l  transfe r  items ,  an d oid y a  summar y o f  thi s dat a i s 
presente d hen . 

Ibi s mode l  provide s a  significantl y bette r  fi t  t o th e dat a du n th e mode l  withou t  adde d parameter s (i.e. ,  type , 
token  o r  frequenc y paramete r  models) ,  p<.05 . 
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provide d a  significan t  increas e i n th e model' s fit  t o 

th e data .  A n interestin g observatio n i s tha t  th e toke n 
model  whic h include s similarit y parameter s specifi c 
t o th e frequen t  exempla r  no w provide s a  bette r  fi t  tha n 

th e typ e mode l  (G ^  -155. 8 versu s 161.4) . 
A furthe r  varian t  o f  eac h o f  th e thre e model s 

was fit  t o th e dat a i n a n attemp t  t o predic t  th e effec t 
of  respons e conditions .  Thi s varian t  include d a 
weightin g (referre d t o a s accessibility )  o f  th e frequen t 
exempla r  unde r  speede d respons e condition s only , 
becaus e th e dat a sho w a n effec t  o f  frequenc y unde r 
thes e conditions .  Th e result s o f  thes e simulation s ar e 
show n i n column s 8-1 0 o f  Tabl e 1 .  Wit h th e 
additiona l  accessibilit y  parameter ,  th e differentiatio n 
model  predict s th e observe d interactio n betwee n 
presentatio n frequenc y an d respons e conditions .  Tha t 
is ,  th e effec t  o f  frequenc y o n categorizatio n i s differen t 
unde r  speede d an d unspeede d conditions ,  an d th e 
accessibilit y  paramete r  allow s predictio n o f  tha t 
interaction .  However ,  th e additiona l  paramete r  di d no t 
provid e a  significan t  quantitativ e improvemen t  i n th e 
model' s fit  t o th e data ,  whe n compare d wit h th e 
model s wit h exempla r  specifi c  similarit y parameters . 

Modeling of Recognition Results. The 
frequenc y paramete r  mode l  wa s abl e t o mode l 
differentiatio n o f  items ,  o r  decrease s i n fals e alarm s t o 
similar ,  ne w items ,  fro m th e frequen t  exemplar .  (Se e 
th e botto m hal f  o f  colum n 4  o f  Tabl e 1. )  Th e 
differentiatio n version s o f  th e type ,  toke n an d 
frequenc y paramete r  model s als o predicte d 
differentiatio n wit h frequency .  Thi s qualitativ e 
improvemen t  o f  th e differentiatio n mode l  i s  onl y 
statisticall y significan t  fo r  th e toke n model ,  however . 
Wit h th e additic m o f  a n accessibilit y  paramete r  (wWc h 
i s a  weightin g o f  th e frequen t  exempla r  unde r  speede d 
respons e condition s only) ,  al l  thre e model s wer e abl e 
t o accoun t  fo r  th e interactio n betwee n respons e 
condition s an d frequency . 

C o n c l u s i o n 

In sum, effects of exemplar frequency were 
bes t  describe d b y exempla r  model s havin g a 
differentiatio n mechanism .  Thes e model s fare d bette r 
tha n a  tjrpe ,  a  toke n o r  a  mode l  whic h include d 
frequenc y a s a  fre e parameter .  Withou t  a 
differentiatio n mechanism ,  th e typ e an d frequenc y 
paramete r  model s fare d bette r  tha n a  toke n model ,  i n 
whic h ever y repetitio n produce s a n additiona l  memor y 
trace .  A n interestin g observatio n i s  tha t  onc e 
differentiatio n i s adde d t o th e straigh t  toke n model ,  it s 
fit  becam e a s goo d a s th e othe r  two .  Therefore , 
multiple-trac e model s tha t  stor e memor y trace s fo r 
eac h repetitio n m a y no t  b e a s inadequat e a s previousl y 
found .  A n additiona l  paramete r  representin g 
accessibilit y o f  a  familia r  ite m ove r  th e cours e o f 

respondin g wa s necessar y t o fit  th e interactio n 
betwee n respons e condition s (speede d vs .  unspeeded ) 
and exempla r  frequency  observe d i n th e data . 

I n addition ,  categorizatio n an d recognitio n 
test s wer e fi t  separatel y becaus e subjects '  strategie s 
on thes e tw o task s diverged .  Differentiation ,  o r 
decrease d retrieval ,  o f  a  frequen t  ite m occurre d o n th e 
recognitio n tes t  unde r  speede d conditions ,  bu t 
generalization ,  o r  mcrease d retrieval ,  occurre d o n th e 
tes t  o f  categorization . 

I t  shoul d b e note d tha t  th e S A M mode l  o f 
recal l  an d recognitio n als o ha s a  mechanis m fo r 
differentiatio n wit h increase d presentatio n strengt h 
(Gillun d &  Shiffrin ,  1984 ;  Shiffri n e t  al. ,  1990) .  I n 
thi s varian t  o f  S A M ,  th e paramete r  signifyin g 
activatio n o f  a  trac e b y an y stimulu s ite m i s allowe d 
t o chang e a s trac e strengt h increase s i n respons e t o 
suc h factor s a s frequenc y o r  lengt h o f  presentation .  I n 
addition ,  repetition s o f  item s ar e capture d i n on e trac e 
representatio n i n thi s model .  However ,  th e S A M 
model  wit h differentiatio n doe s no t  captur e change s i n 
similarit y betwee n item s i n respons e t o increase d 
frequency .  Rather ,  S A M predict s decrease s i n overal l 
activatio n wit h increase s i n exempla r  strength .  I n th e 
differentiatio n mode l  presente d here ,  th e parameter s 
comprisin g similarit y varie d wit h exempla r  strength , 
so th e similarit y spac e surroundin g a  strengthene d 
exempla r  coul d change .  Th e mode l  fits  sugges t  tha t 
thi s kin d o f  differentiatio n i s  necessar y t o mode l 
classificatio n performance . 

I n anothe r  experiment ,  th e positio n o f 
exempla r  repetition s durin g th e learnin g phas e 
(throughou t  o r  onl y afte r  learnin g ha d occurred )  wa s 
manipulated .  I n thi s experiment ,  th e frequenc y effect s 
observe d abov e wer e replicated .  Tha t  is , 
categorizatio n o f  simila r  item s increase d i n respons e 
t o presentatio n frequency ,  an d recognitio n accurac y 
was greate r  fo r  th e frequen t  item .  However ,  whe n 
exempla r  repetition s occurre d afte r  learning ,  the y di d 
not  affec t  categorizatio n o r  recognition .  Therefore , 
repetitio n probabl y ha s a  greate r  effec t  o n 
categorizatio n an d recognitio n earl y i n learnin g 
(Medi n &  Bettger ,  1991) .  Therefore ,  tota l  frequenc y 
does no t  appea r  t o b e producin g th e frequenc y effect s 
observed .  Furthe r  researc h wil l  hopefull y determin e 
what  lead s t o frequenc y effect s a t  differen t  point s i n 
learning . 
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