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Abstrac t 

Are perceptual categorization and recognition memory sub-
serve d b y a  singl e memor y syste m o r  b y separat e memor y 
systems ? A  critica l  piec e o f  evidenc e fo r  multipl e memor y 
system s i s tha t  amnesic s ca n categoriz e stimul i  a s wel l  a s 
normal s bu t  recogniz e thos e sam e stimul i  significantl y wors e 
tha n normal s (Knowlto n &  Squire ,  1993) .  A n extrem e cas e 
i s E.P. ,  a  profoun d amnesi c wh o ca n categoriz e a s wel l  a s 
normal s bu t  canno t  recogniz e bette r  tha n chance .  Thi s pape r 
demonstrate s tha t  th e paradig m use d t o tes t  E.P .  an d othe r 
amnesic s ma y b e fundamentall y flawed  i n tha t  memor y ma y 
not  eve n b e necessar y t o categoriz e th e tes t  stimul i  i n thei r 
paradigm .  W e "induced "  profoun d amnesi a i n normal s b y 
tellin g the m the y ha d viewe d subliminall y presente d stimul i 
tha t  wer e neve r  actuall y presented .  Withou t  an y prio r  expo -
sur e t o trainin g stimuli ,  subjects '  recognitio n performanc e 
was completel y a t  chance ,  a s expected ,  ye t  thei r  categoriza -
tio n performanc e wa s quit e good . 

Single Versus Multiple Memory Systems 

What  processe s ar e involve d i n judgin g whethe r  a n objec t 
belong s i n a  particula r  categor y ( a categorizatio n decision ) 
and i n judgin g whethe r  a n objec t  i s  somethin g tha t  ha s 
been see n befor e ( a recognitio n decision) ? Forma l  theoreti -
cal  account s hav e suggeste d tha t  bot h o f  thes e flmdamenta l 
type s o f  cognitiv e judgment s ar e subserve d b y a  singl e 
memory system .  B y contrast ,  m a n y neuropsychologica l  ac -
count s hav e suggeste d tha t  ther e ar e separat e neura l  sys -
tems subservin g categorizatio n an d recognitio n memory . 
Thi s pape r  wil l  briefl y revie w th e evidenc e fo r  singl e m e m-
or y system s an d fo r  multipl e m e m o r y system s an d the n pre -
sent  recen t  experimenta l  wor k tha t  m a y challeng e som e o f 
th e critica l  evidenc e use d t o suppor t  th e multipl e m e m o r y 
system s view . 

Exemplar-based  models ,  suc h a s th e Generalize d Contex t 
Model  ( G C M ;  Nosofsky ,  1986 ;  se e als o Nosofsk y & 
Palmeri ,  1997 ;  Palmeri ,  1997) ,  assum e tha t  bot h categori -
zatio n an d recognitio n rel y o n m e m o r y fo r  store d instance s 
but  diffe r  i n th e wa y tha t  m e m o r y i s probed .  Accordin g t o 
th e G C M,  categorizatio n i s base d o n th e relativ e s u m m e d 
similarit y o f  a  prob e ite m t o th e store d instance s o f  th e pos -
sibl e categor y response s wherea s recognitio n i s  base d o n 
th e absolut e s u m m e d similarit y o f  a  prob e ite m t o al l  inst -
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Figur e 1 :  Example s o f  a  prototype ,  a  low-distortion , 
a high-distortion ,  an d a  rando m pattern . 

ances stored in memory. In other words, categorization and 
recognitio n decision s rel y o n th e sam e memories ,  bu t  diffe r 
i n th e decisio n rule s the y use .  Nosofsk y (1988 ,  1991 )  ha s 
show n th e G C M t o provid e excellen t  account s o f  observe d 
categorizatio n an d recognitio n dat a i n a  variet y o f  experi -
menta l  paradigm s usin g norma l  individuals . 

Knowlto n an d Squir e (1993 )  provide d evidenc e fo r  mul -
tipl e m e m o r y system s b y contrastin g performanc e o f  amne -
sic s an d norma l  individual s o n categorizatio n an d recogni -
tio n m e m o r y tasks .  The y use d a  varian t  o f  th e wel l  k n o w n 
dot  patter n classificatio n an d recognitio n paradig m (Posne r 
& Keele ,  1968) .  I n a  categorizatio n task ,  amnesic s an d 
normal s wer e initiall y  expose d t o fort y high-leve l  distor -
tion s o f  a  prototyp e patter n (se e Figur e 1 )  withou t  bein g 
tol d tha t  th e pattern s belonge d t o th e sam e category .  A t  test , 
subject s wer e tol d tha t  th e pattern s the y ha d jus t  see n wer e 
al l  member s o f  th e sam e categor y an d wer e the n aske d t o 
judg e whethe r  a  ne w se t  o f  pattern s wer e member s o r  non -
members o f  tha t  category .  Subject s wer e teste d o n th e pro -
totype ,  lo w distortion s o f  th e prototype ,  an d hig h distortion s 
of  th e prototype ,  whic h wer e al l  t o b e judge d a s members , 
and n e w rando m patterns ,  whic h wer e al l  t o b e judge d a s 
nonmembers .  I n a  recognitio n task ,  amnesic s an d normal s 
wer e initiall y  expose d t o five  rando m pattern s repeate d 
eigh t  time s eac h withou t  bein g tol d tha t  the y woul d late r  b e 
teste d o n thei r  m e m o r y fo r  thos e patterns .  A t  test ,  subject s 
wer e show n th e five  trainin g pattern s an d five  n e w rando m 
pattern s an d wer e aske d t o judge d whic h wer e ol d an d 
whic h wer e new . 

As show n i n th e to p pane l  o f  Figur e 2 ,  Knowlto n an d 
Squir e (1993 )  foun d tha t  recognitio n m e m o r y wa s signifi -
cantl y impaire d fo r  amnesic s compare d t o normals .  H o w -
ever ,  n o significan t  differenc e wa s observe d betwee n amne -
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Figur e 2 :  T o p pane l  display s dat a from  K n o w l t o n 
an d Squir e (1993 )  compar in g amnesic s wit h nor -
mals .  Bo t to m pane l  display s dat a from  Squir e an d 
K n o w l t o n (1995 )  compar in g E.P .  wit h normals . 
E a c h pane l  s h o w s probabilit y  o f  categorizatio n an d 
recognitio n fo r  eac h typ e o f  pattern . 

sics and normals at categorization. This pattern of results 
w as use d a s evidenc e fo r  t w o separate ,  independen t  m e m o r y 
systems :  a n explici t  syste m subservin g recognitio n m e m o r y , 
wh i c h i s impaire d i n amnesia ,  an d a  separat e implici t  cate -
gCM-izatio n system ,  wh ic h i s spare d i n amnesia .  Know l t o n 
a n d Squir e oxiclud e tha t  "single-facto r  mode l s i n whic h 
classificatio n j udgmen t s deriv e f rom ,  o r  i n a n y w a y d e p e n d 
on ,  long-ter m declarativ e m e m o r y d o no t  accoun t  fo r  th e 
findin g tha t  amnesi c patient s per for m wel l  o n th e classifi -
catio n task s "  (p .  1748) . 

W h i l e thes e result s seeme d t o sugges t  th e existenc e o f 
multipl e m e m o r y systems ,  Nosofsk y an d Zak i  (1998 )  re -
centl y reporte d theoretica l  analyse s tha t  s h o w e d th e G C M 
capabl e o f  accountin g fo r  thi s apparen t  tas k dissociatio n i n 
a feirly  straightforwar d manne r .  B y simpl y assumin g tha t 
amnesic s ha d poorl y discriminate d m e m o r y trace s c o m -
pare d t o normals ,  wh ic h w a s instantiate d b y variatio n i n a 
singl e paramete r  o f  th e m o d e l ,  th e G C M w a s abl e t o ac -
coun t  fo r  th e observe d differenc e i n recognitio n an d catego -
rizatio n performance .  I n addition ,  b y experimentall y  pro -
ducin g poo r  m e m o r y discriminatio n i n norma l  individual s 
throug h th e us e o f  a  dela y betwee n stud y an d test ,  Nosofsk y 
a n d Zak i  we r e abl e t o reproduc e th e exac t  patter n o f  catego -
rizatio n an d recognitio n result s observe d wit h amnesics . 

O ne o f  th e reason s fo r  th e succes s o f  th e G C M i n ac -
countin g fo r  th e K n o w l t o n an d Squir e (1993 )  result s i s tha t 
amnesic s h a d poo r  bu t  abov e chanc e recognitio n m e m o r y . 
M o r e recen t  evidenc e reporte d b y Squir e an d Know l to n 
(1995 )  m a y b e m o r e challenging .  T h e y teste d E.P. ,  a  pro -
foundl y amnes i c individual ,  o n a  tas k simila r  t o tha t  use d 
b y K n o w l t o n an d Squir e (1993) .  A s s h o w n i n th e lowe r 
pane l  o f  Figur e 2 ,  E.P .  w a s abl e t o categoriz e a s wel l  a s 
normals ,  bu t  w a s completel y unabl e t o recogniz e abov e 
chanc e levels .  I t  m a y prov e impossibl e fo r  a  single-syste m 
m o d e l ,  suc h a s th e G C M ,  t o accoun t  fo r  thi s extrem e pat -
ter n o f  result s (se e Nosofsk y &  Zaki ,  1998) .  I n s u m m a r i z -
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Figure 3: Example sequences of recognition (top 
r o w )  an d categorizatio n (botto m row )  usin g stimul i 
from  Knowl to n an d Squir e (1993) .  Fo r  th e recogni -
tio n trials ,  correc t  answer s are :  (1 )  Old ,  (2 )  N e w ,  (3 ) 
Old ,  (4 )  N e w ,  (5 )  Old ,  (6 )  N e w .  Fo r  th e categoriza -
tio n trials ,  correc t  answer s are :  (1 )  N o n m e m b e r ,  (2 ) 
Member  (high) ,  (3 )  Member  (prototype) ,  (4 )  Non -
member,  (5 )  Nonmember ,  (6 )  Member  (low) . 

ing these results, Squire and Zola (1996) concluded that 
"thes e result s sugges t  tha t  categor y knowledg e ca n develo p 
independentl y o f  a n d i n th e absenc e o f  norma l  declarativ e 
m e m o ry .. .  th e informatio n supportin g classificatio n 
learnin g mus t  b e distinc t  f r o m declarativ e knowledg e abou t 
th e specifi c  item s presente d fo r  training .  M o d e l s i n whic h 
classificatio n judgment s deriv e f rom ,  o r  i n an y w a y depen d 
on ,  long-ter m declarativ e m e m o r y d o no t  accoun t  fo r  th e 

findin g tha t  amnesi c patient s ca n acquir e categor y knowl -
edg e a s wel l  a s no rma l  subjects "  (pp .  13517-13518) . 

T h e Squir e an d Know l to n (1995 )  findings  m a y appea r  t o 
b e devastatin g t o th e singl e syste m models .  However ,  i n 
thi s paper ,  w e wil l  sugges t  tha t  th e experimenta l  procedure s 
use d t o tes t  E.P .  an d othe r  amnesic s m a y b e fundamentall y 
flawed  i n tha t  prio r  exposur e t o trainin g stimul i  m a y b e un -
necessar y t o perfor m th e categorizatio n tas k the y used .  T o 
illustrate ,  th e to p r o w o f  Figur e 3  display s a  sequenc e o f 
recognitio n tes t  trial s from  Knowl to n an d Squir e (1993) . 
Clearly ,  i f  aske d t o judg e whic h o f  thes e pattern s wer e ol d 
or  n e w withou t  eve r  havin g bee n s h o w n an y trainin g pat -
terns ,  i t  wou l d b e impossibl e t o perfor m bette r  tha n chance . 
T h e botto m r o w o f  Figur e 3  display s a  sequenc e o f  catego -
rizatio n trials .  Recal l  tha t  subject s wer e require d t o judg e a s 
m e m b e rs th e prototype ,  lo w distortion s o f  th e prototype , 
an d hig h distortion s o f  th e prototype ,  an d t o judg e a s non -
m e m b e rs a  se t  o f  completel y r a n d o m patterns .  Withou t  pre -
viou s exposur e t o an y trainin g patterns ,  i t  m a y b e quit e eas y 
t o discove r  tha t  th e se t  o f  ver y simila r  pattern s al l  belon g t o 
th e s a m e categor y an d tha t  th e se t  o f  ver y dissimila r  pat -
tern s ar e al l  n o n m e m b e r s o f  tha t  category .  Thi s determina -
tio n ca n possibl y b e m a d e afte r  onl y a  fe w tes t  stimul i  hav e 
bee n s h o w n .  Thus ,  a  profoun d amnesic ,  suc h a s E.P. ,  w h o 
ha s relativel y intac t  work in g m e m o r y an d othe r  cognitiv e 
functions ,  m a y b e abl e t o accuratel y judg e categor y m e m-
bershi p withou t  an y m e m o r y fo r  th e studie d patterns . 
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E x p e r i m e n t  1 

Our  basi c clai m i s tha t  eve n withou t  m e m o r y fo r  havin g 
seen an y categor y members ,  i t  m a y b e possibl e t o correctl y 
categoriz e member s versu s nonmember s i n th e particula r 
typ e o f  categorizatio n tas k use d b y Knowlto n an d Squir e 
(1993 ;  Squir e &  Knowlton ,  1995) .  B y contrast ,  i t  i s  simpl y 
impossibl e t o judg e ol d from  ne w member s withou t  remem -
berin g whic h stimul i  ha d bee n presente d before . 

Our  first  goa l  wa s t o demonstrat e tha t  informatio n abou t 
th e categor y structur e ca n b e extracte d from  th e sequenc e o f 
pattern s use d i n th e categorizatio n test .  A s a  wa y o f  maxi -
mall y assessin g h o w muc h informatio n abou t  th e categor y 
structur e coul d possibl y b e extracte d from  th e tes t  sequence , 
a particularl y well-motivate d subjec t  (th e secon d author ) 
participate d i n te n categorizatio n tes t  sessions .  Thes e cate -
gorizatio n test s ha d th e exac t  sam e structur e a s thos e use d 
by Knowlto n an d Squir e (1993) ;  however ,  i n ou r  experi -
ment ,  th e subjec t  di d no t  receiv e an y prio r  exposur e t o 
categor y members .  Althoug h sh e wa s awar e o f  h o w th e 
categor y member s an d nonmember s wer e define d ab -
stractly ,  sh e ha d absolutel y n o prio r  knowledg e o f  th e par -
ticula r  prototype s an d distortion s tha t  wer e use d withi n a 
give n tes t  sessio n -  sh e neede d t o discove r  th e categor y 
structur e (judgin g member s versu s nonmembers )  withou t 
th e benefi t  o f  an y prio r  exposur e an d withou t  th e benefi t  o f 
any correctiv e feedback . 

It  i s  importan t  t o emphasiz e tha t  eve n wit h a  complet e 
understandin g o f  th e procedur e fo r  h o w ol d an d ne w pat -
tern s i n a  recognitio n tes t  wer e generated ,  withou t  an y prio r 
exposur e t o stud y pattern s i t  woul d b e absolutel y impossibl e 
t o recogniz e ol d from  ne w pattern s bette r  tha n chance . 

Method 

Subject .  Th e secon d autho r  (M.A.F. )  complete d te n catego -
rizatio n session s ove r  a  tw o wee k period . 

Procedure. On each trial of the categorization task, a dot 
patter n wa s displaye d an d th e subjec t  wa s aske d t o judg e 
whethe r  i t  wa s a  member  o r  nonmembe r  o f  a  category ;  n o 
prio r  exposur e t o categor y member s ha d bee n provided .  Th e 
subjec t  judge d fou r  instance s o f  th e prototype ,  2 0 low-leve l 
distortions ,  2 0 high-leve l  distortions ,  an d 4 0 rando m pat -
tern s (identica l  t o procedure s use d b y Knowlto n an d Squire , 
1993) .  Orde r  o f  stimul i  wa s randomize d an d n o correctiv e 
feedbac k wa s supplied . 

Stimuli. Stimuli were patterns of nine dots. At the start of 
each session ,  th e compute r  randoml y generate d a  patter n 
and designate d i t  th e prototyp e o f  th e category .  Distortion s 
of  th e prototyp e wer e create d wit h a  commonl y use d statis -
tica l  distortio n algorith m (Posner ,  Goldsmith ,  &  Welton , 
1967) .  Rando m nonmembe r  pattern s wer e als o newl y cre -
ate d a t  th e star t  o f  eac h session .  Th e subjec t  wa s completel y 
unawar e o f  th e particula r  se t  o f  do t  pattern s tha t  ha d bee n 
create d unti l  the y wer e presente d durin g th e experiment . 

Results 

Figur e 4  display s th e probabilit y  o f  endorsin g eac h typ e o f 
stimulu s a s a  member  o f  th e category .  Withou t  an y prio r 

!  r 

!.,. ! 
Prot o Lo w Hig h Rando m 

Figur e 4  :  Proportion s o f  categorizatio n decision s fo r 
eac h typ e o f  patter n from  Experimen t  1 . 

exposure to category members, M.A.F. was able to catego-
riz e th e prototype s perfectly ,  th e lo w distortion s nearl y 
perfectly ,  an d th e hig h distortion s an d rando m pattern s ex -
tremel y well .  Overall ,  M.A.F .  w a s 8 1 . 3 % correc t  a t  classi -
fying  m e m b e r s an d nonmembers .  A  statisticall y significan t 
effec t  o f  stimulu s typ e wa s observed ,  /=1(3,39) = 153.28 , 
A/5e=0.008 ,  an d planne d comparison s confirme d th e ob -
serve d orderin g o f  levels . 

Discussion 

A s w e predicted ,  ther e w a s sufficien t  informatio n i n th e se -
quenc e o f  categorizatio n trial s a t  leas t  fo r  a  particularl y 
well-motivate d subjec t  t o accuratel y categoriz e th e tes t 
stimul i  i n th e Knowlto n an d Squir e (1993 )  paradig m with -
out  an y prio r  exposur e t o categor y members .  I t  i s  n o w nec -
essar y t o demonstrat e tha t  naiv e subject s ca n als o catego -
riz e withou t  an y prio r  exposur e t o categor y members . 

Experiment 2 

I n th e previou s experiment ,  th e subjec t  kne w tha t  categor y 
members wer e distortion s o f  a  prototyp e patter n wherea s 
categor y nonmember s wer e rando m patterns .  Obviously , 
th e amnesi c subject s teste d b y Knowlto n an d Squir e ha d n o 
suc h intimat e knowledg e o f  th e experimenta l  procedures . 
Coul d naiv e individual s categoriz e th e tes t  pattern s withou t 
prio r  exposur e t o categor y members ? I f  so ,  the n i t  i s  quit e 
possibl e tha t  amnesi c individuals ,  withou t  m e m o r y fo r 
trainin g patterns ,  coul d d o th e sam e thing . 

Withou t  acces s t o a n amnesi c population ,  w e wante d t o 
tes t  norma l  individual s unde r  condition s tha t  closel y m i m -
icke d thos e use d t o tes t  amnesics .  A s a  wa y o f  inducin g 
profoun d amnesi a i n colleg e undergraduates ,  Palmer i  an d 
Flaner y (i n press )  eliminate d th e stud y sessio n altogethe r 
but  le d subject s t o believ e the y ha d see n a  se t  o f  patterns .  I n 
thei r  experiment ,  subject s first  complete d a  simpl e wor d 
identificatio n task .  A s a  ruse ,  afte r  th e wor d identificatio n 
tas k wa s completed ,  subject s wer e informe d tha t  do t  pat -
tern s ha d bee n flashed  o n th e compute r  scree n durin g th e 
tas k s o quickl y tha t  the y coul d onl y b e perceive d sublimi -
nally .  I n fact ,  n o do t  pattern s ha d eve r  bee n presented . 
Subject s wer e the n give n th e exac t  sam e categorizatio n an d 
recognitio n memor y task s use d b y Knowlto n an d Squir e 
(1993) .  Th e expectatio n wa s tha t  subject s woul d b e com -
pletel y unabl e t o recogniz e th e ol d pattern s bu t  woul d b e 
abl e t o categoriz e member s versu s nonmembers . 

Not  surprisingly ,  Palmer i  an d Flaner y (i n press )  foun d 
tha t  subject s wer e completel y a t  chanc e a t  recognizin g ol d 
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versu s n e w patterns .  However ,  subject s wer e 6 0 . 4 % correc t 
at  categorizin g member s versu s nonmember s (endorsin g a s 
members 70.9"/ o o f  th e prototypes ,  6 1 . 3 % o f  th e lo w distor -
tions ,  5 1 . 4 % o f  th e hig h distortions ,  an d 3 6 . 6 % o f  th e ran -
d o m patterns) .  Thes e dat a ar e i n clos e correspondenc e t o 
categorizatio n performanc e b y amnesic s (59.9% ,  Knowlto n 
& Squire ,  1993) ,  b y E. P (61.1% ,  Squir e &  Knowlton , 
1995) ,  an d b y colleg e student s afte r  a  on e wee k dela y (57% , 
Nosofsk y &  Zaki ,  1998) . 

Palmer i  an d Flaner y (i n press )  use d th e sam e testin g pro -
cedure s use d b y Knowlto n an d Squir e (1993) ,  whic h in -
volved  presentin g al l  subject s wit h on e particula r  se t  o f  do t 
patterns .  I t  i s  importan t  t o rul e ou t  th e possibilit y  tha t  th e 
abilit y  t o categoriz e withou t  prio r  exposur e i s limite d t o a 
smal l  subse t  o f  do t  patterns ,  suc h a s wer e use d i n thos e ex -
periments .  Therefore ,  i n th e presen t  experiment ,  ever y 
subjec t  wa s teste d o n a  differen t  se t  o f  do t  patterns ,  ran -
dcanl y generate d b y th e computer . 

I n th e presen t  experiment ,  w e als o include d a  grou p o f 
subject s tha t  ha d receive d prio r  exposur e t o do t  pattern s 
(thereb y replicatin g th e origina l  Knowlto n &  Squir e ex -
periment) .  Thi s allowe d u s t o explicitl y  measur e th e rela -
tiv e eflfect s o f  prio r  exposur e o n categorizatio n an d recog -
nitio n performance .  Althoug h Palmer i  an d Flaner y (i n 
press )  di d tes t  a  grou p o f  individual s o n categorizatio n wit h 
prio r  exposure ,  finding  tha t  the y di d no t  perfor m signifi -
cantl y bette r  tha n th e nonexpose d "amnesic "  group ,  thes e 
tw o group s o f  individual s wer e no t  teste d a t  th e sam e time . 

Method 

Subjects .  Subject s wer e 8 8 undergraduate s student s fi-om 
VandCTbil t  Universit y w h o receive d cours e credi t  fo r  thei r 
participation .  Subject s wer e randoml y assigne d t o th e cate -
gorization-exposure ,  categorization-nonexposure ,  recogni -
tion-exposure ,  an d recognition-nonexposur e conditions . 

Procedure. The exposure conditions were replications of 
Knowlto n an d Squir e (1993) .  I n th e exposur e phase ,  sub -
ject s viewe d do t  pattern s an d wer e aske d t o poin t  t o th e 
cente r  do t  o f  eac h pattern .  I n th e categorizatio n condition , 
th e do t  pattern s wer e fort y high-leve l  distortion s o f  a  pro -
totyp e patterns .  I n th e recognitio n condition ,  th e do t  pat -
tern s wer e five  rando m pattern s repeate d eigh t  time s each . 

Th e nonexposur e condition s wer e replication s o f  Palmer i 
an d Flaner y (i n press) .  I n th e "study "  task ,  subject s wer e 
aske d t o identif y word s rapidl y flashed  o n a  compute r 
screen .  O n eac h trial ,  a  pai r  o f  word s differin g b y on e lette r 
was selecte d an d cm e wor d fi-om  th e pai r  wa s designate d th e 
target .  A  crosshair s appeare d a t  th e cente r  o f  th e screen ,  th e 
targe t  wor d wa s displaye d fo r  25ms ,  an d the n th e pai r  o f 
word s wa s displaye d sid e b y side .  Subject s judge d whic h o f 
th e tw o w w d s ha s bee n flashed. 

Followin g thi s task ,  subject s wer e informe d tha t  w e wer e 
not  reall y intereste d i n wor d identificatio n afte r  all .  Rather , 
the y wer e tol d tha t  durin g th e wor d identificatio n task , 
pattern s o f  dot s ha d bee n flashed  o n th e compute r  screen , 
centere d a t  th e crosshairs ,  s o quickl y tha t  the y coul d onl y 
be perceive d subliminally .  Th e reaso n fo r  doin g th e wor d 
identificatio n task ,  the y wer e told ,  wa s s o tha t  the y woul d 
atten d t o th e locatio n o n th e scree n wher e th e do t  pattern s 

wer e being  subliminall y presented .  Extensiv e pilo t  wor k 
was conducte d t o construc t  a  believabl e cove r  story . 

Subject s i n th e categorizatio n tas k wer e provide d th e 
followin g instruction s (adapte d fi-om  instruction s use d b y 
Reber ,  Stark ,  &  Squire ,  1998 ,  an d Squir e &  Knowlton , 
1995) : 

"Durin g th e previou s wor d identificatio n task ,  pattern s 
wit h nin e dot s wer e quickl y flashed  o n th e compute r 
scree n s o a s t o b e perceive d subliminall y (withou t  con -
sciou s awareness) .  Al l  o f  thes e pattern s belonge d t o a 
singl e categor y o f  pattern s i n th e sam e sens e that ,  I f  a 
serie s o f  dog s ha d bee n presented ,  the y woul d al l  be -
lon g t o th e categor y dog .  Whil e yo u probabl y hav e n o 
consciou s recollectio n o f  th e patterns ,  w e woul d lik e 
yo u t o tr y a s har d a s possibl e t o figure  ou t  whic h o f  th e 
followin g pattern s ar e member s o f  th e sam e categor y 
whic h wa s displaye d earlie r  an d whic h ar e not. " 

I f  subject s claime d no t  t o completel y understan d w^a t  w e 
meant  b y a  "category "  the y wer e the n show n a  pictur e o f 
some dog s an d aske d t o thin k abou t  wha t  i t  woul d mea n fo r 
a ne w anima l  t o belon g t o th e sam e categor y a s thes e ani -
mals .  Subject s i n th e recognitio n conditio n wer e provide d 
simila r  instructions ,  excep t  the y wer e aske d t o decid e v^ic h 
pattern s wer e ol d o r  new . 

On eac h tria l  o f  th e categorizatio n tas k (fo r  subject s ex -
pose d an d nonexpose d t o previou s patterns) ,  a  do t  patter n 
was displaye d an d subject s wer e aske d t o judg e whethe r  i t 
was a  member  o r  nonmembe r  o f  th e previousl y expose d 
categor y (fo r  whic h the y ha d bee n expose d i n th e exposur e 
conditio n bu t  fo r  \^ic h the y ha d neve r  actuall y bee n ex -
pose d i n th e nonexposur e condition) .  Subject s judged  fou r 
instance s o f  th e prototype ,  2 0 low-leve l  distortions ,  2 0 
high-leve l  distortions ,  an d 4 0 rando m pattern s (idenfica l  t o 
procedure s use d b y Knowlto n an d Squire ,  1993) .  O n eac h 
tria l  o f  th e recognitio n tas k (fo r  subject s expose d an d non -
expose d t o previou s patterns) ,  a  do t  pattern s wa s displaye d 
and subject s wer e aske d t o judg e whethe r  i t  wa s ol d o r  new . 
Subject s judge d five  pattern s ol d an d five  ne w patterns ;  fou r 
block s ofte n recognitio n trial s wer e presented . 

I n bot h recognitio n an d categorization ,  orde r  o f  stimul i 
was randomize d fo r  ever y subject ,  n o correctiv e feedbac k 
was supplied ,  an d subject s wer e informe d tha t  approxi -
matel y equa l  number s o f  members/nonmember s o r  old/ne w 
stimul i  woul d b e presented . 

Stimuli. In the "study" task of the nonexposure conditions, 
stimul i  wer e fort y pair s o f  four-lette r  word s tha t  differe d b y 
a singl e lette r  (e.g. ,  W O RD vs .  W O R K ) .  Th e locatio n o f  th e 
change d lette r  wa s roughl y equate d acros s positions .  Be -
caus e thi s tas k wa s jus t  a  ruse ,  w e di d no t  systematicall y 
contro l  othe r  aspect s o f  th e wor d pairs . 

I n th e categorizatio n condition s (bot h exposur e an d non -
exposure) ,  th e compute r  randoml y generate d a  patter n an d 
designate d i t  th e prototyp e o f  th e category .  Distortion s o f 
th e prototyp e wer e create d wit h a  commonl y use d statistica l 
distortio n algorith m (Posner ,  Goldsmith ,  &  Welton ,  1967) . 
Rando m nonmembe r  pattern s wer e als o newl y create d a t 
th e star t  o f  eac h session .  Th e subjec t  wa s completel y un -
awar e o f  th e particula r  se t  o f  do t  pattern s tha t  ha d bee n cre -
ate d unti l  the y wer e presente d durin g th e experiment . 
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Figxir e 5 :  Categorizatio n a n d recognitio n accurac y a s a 
functio n o f  exposur e versu s n o n e x p o s u r e t o prio r  pat -
tern s from  Expe r imen t  2 . 

In the recognition conditions (exposure and nonexpo-
sure) ,  th e compute r  r a n d o m l y generate d te n do t  patterns , 
designatin g five  a s ol d a n d five  a s n e w .  I n th e exposur e 
condition ,  subject s s a w th e five  ol d patterns . 

Results 

Figur e 5  display s probabilit y  correc t  a s a  functio n o f  tas k 
(categorizatio n versu s recognition )  a n d a s a  functio n o f  ex -
posur e (exposur e versu s n o exposure) .  A  t w o (task )  x  t w o 
(exposure )  between-subject s A N O V A w a s conducte d o n th e 
accurac y dat a revealin g a  significan t  m a i n effec t  o f  expo -
sure ,  F(l ,84)=40.635 ,  A/5e=0.018 ,  a n d a  significan t  t w o -
w ay tas k X  exposur e interaction ,  F( l ,84)=30.403 , 
MSj=0.018 .  P lanne d compar i son s reveale d n o significan t 
differenc e betwee n expose d a n d n o n e x p o s e d subject s a t 
categorizatio n bu t  reveale d a  significan t  differenc e be twee n 
expose d an d nonexpose d subject s a t  recognition .  Recogn i -
tio n accurac y fo r  n o n e x p o s e d subject s w a s no t  differen t 
from  chance . 

Discussion 

Replicatin g a n d extendin g Palmer i  a n d Flaner y (i n press) , 
we induce d a  stat e o f  pro foun d a m n e s i a i n a  g r o u p o f  nor -
mal  colleg e undergraduate s b y convincin g t h e m tha t  the y 
ha d bee n subliminall y expose d t o a  serie s o f  do t  pattern s 
tha t  wer e neve r  actuall y presented .  W e c o m p a r e d perform -
anc e o f  thi s g rou p o f  "pro foun d a m n e s i c s "  t o pe r fo rmanc e 
of  a  grou p w h o receive d n o r m a l  exposur e t o stimul i  i n a 
stud y task .  N o t  surprisingly ,  withou t  exposur e t o a n y 
trainin g patterns ,  recognitio n w a s a t  chance ,  bu t  wit h expo -
sur e t o trainin g patterns ,  recognitio n w a s quit e good .  Yet , 
categorizatio n b y th e "profoun d a m n e s i c s "  w a s quit e good , 
and w a s statisticall y indistinguishabl e from  per fo rmanc e b y 
an expose d grou p o f  subjects .  M o r e o v e r ,  pe r fo rmanc e o f 
bot h group s w a s comparab l e t o w h a t  h a d bee n observe d 
wit h amnesic s a n d n o r m a l s i n studie s b y K n o w l t o n a n d 
Squir e (1993 ;  Squir e &  Knowlton ,  1995) . 

The apparen t  dissociatio n betwee n categorizatio n an d 
recognitio n reporte d b y Knowlto n an d Squir e ha d bee n 
take n a s evidenc e fo r  multipl e memor y systems .  However , 
our  result s sugges t  tha t  thei r  findings  coul d simpl y reflec t 
intac t  cognitiv e abilitie s tha t  amnesic s migh t  hav e fo r  de -
tectin g categorie s o f  simila r  pattern s presente d withi n a 
relativel y shor t  perio d o f  time ,  withou t  an y nee d t o rel y o n 

long-ter m m e m o r y fo r  thos e patterns .  Unlik e th e recogni -
tio n memor y test ,  prio r  exposur e t o categor y member s i s 
unnecessar y t o perfor m th e categorizatio n test . 

I t  shoul d b e note d tha t  Knowlto n an d Squir e di d conduc t 
a contro l  conditio n simila r  t o th e nonexpose d categoriza -
tio n conditio n reporte d here .  The y instructe d subject s t o 
imagin e tha t  the y ha d see n a  serie s o f  do t  pattern s bu t  wer e 
neve r  presente d an y trainin g patterns ,  an d the n wer e give n 
th e sam e instruction s an d tes t  stimul i  a s wer e give n t o a 
grou p o f  experimenta l  subject s (amnesic s an d norma l  indi -
vidual s i n th e secon d experimen t  o f  Knowlto n an d Squire , 
1993) .  The y reporte d tha t  thes e subject s performe d a t 
chanc e o n th e classificatio n test .  S o wha t  explain s th e dif -
ferenc e betwee n thei r  findings  an d ours ? 0 « e potentiall y 
importan t  differenc e i s tha t  w e le d ou r  subject s t o believ e 
tha t  the y ha d actuall y see n pattern s an d tha t  thi s sublimina l 
exposur e shoul d b e sufficien t  fo r  the m t o perfor m th e cate -
gorizatio n task .  B y contrast ,  Knowlto n an d Squir e (1993 ) 
simpl y tol d thei r  subject s t o imagin e tha t  the y ha d see n 
patterns ,  probabl y leavin g subject s uncertai n a s t o whethe r 
i t  woul d b e possibl e t o perfor m th e categorizatio n tas k 
(consisten t  wat h thi s hypothesis ,  dat a from  thes e subject s 
reveale d a n overal l  bia s t o classif y ever y patter n a s a  non -
member) .  Eve n wit h littl e o r  n o recollectio n fo r  th e trainin g 
patterns ,  thei r  amnesic s subjects ,  lik e ou r  induce d amne -
sics ,  probabl y believe d tha t  i t  woul d b e possibl e t o perfor m 
th e categorizatio n task . 

M a ny amnesics ,  includin g E.P. ,  ar e elderly .  O n e poten -
tia l  criticis m o f  thi s experimen t  (an d o f  Pabner i  &  Flanery , 
i n press )  i s tha t  w e teste d youn g colleg e students ,  thereb y 
raisin g question s abou t  th e validit y o f  directl y comparin g 
our  wor k wit h tha t  o f  Knowlto n an d Squire .  Th e mai n de -
fens e t o thi s criticis m i s t o not e tha t  performanc e o f  ou r  im -
dergraduate s wa s no t  m u c h differen t  from  tha t  o f  th e eld -
erl y individual s tha t  ha d bee n previousl y studied ;  i n addi -
tion ,  Nosofsk y an d Zak i  (1998 )  als o teste d youn g colleg e 
student s an d foun d simila r  result s a s w e report . 

General Discussion 

Ar e variou s fundamenta l  cognitiv e processes ,  suc h a s cate -
gorizatio n an d recognition ,  subserve d b y a  c o m m o n m e m-
or y syste m o r  b y independen t  m e m o r y systems ? Whil e a 
dissociatio n betwee n categorizatio n an d recognitio n i n am -
nesic s an d normal s ha s bee n take n a s evidenc e fo r  multipl e 
m e m o ry system s (Knowlto n &  Squire ,  1993) ,  thi s dissocia -
tio n i s apparentl y consisten t  wit h a  singl e m e m o r y syste m 
as wel l  (Nosofsk y &  Zaki ,  1998) .  However ,  th e result s from 
E.P. ,  w h o ha s n o detectabl e recognitio n m e m o r y ye t  catego -
rize s nearl y a s wel l  a s normals ,  hav e bee n take n a s power -
fu l  evidenc e agains t  thi s single-syste m view . 

Whil e thi s remain s a  viabl e possibility ,  ou r  result s sug -
ges t  tha t  th e evidenc e from  E.P .  m a y no t  b e a s compellin g 
as onc e believed .  W e induce d profoun d amnesi a i n under -
graduate s b y tellin g the m the y ha d see n pattern s whic h w e 
neve r  presented .  Whil e completel y unabl e t o recognize , 
the y categorize d a s wel l  a s amnesic s an d normal s w h o ha d 
prio r  exposur e t o trainin g patterns .  W e hav e show n tha t  th e 
categorizatio n tas k use d b y Squir e an d Knowlto n allow s 
subject s t o discove r  whic h cluster s o f  pattern s ar e likel y t o 
be member s simpl y becaus e al l  member s ar e simila r  t o on e 
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anothe r  an d al l  nonmember s ar e dissimila r  from  on e an -
other . 

Our  resuh s emphasiz e th e importanc e o f  equatin g catego -
rizatio n an d recognitio n studie s prio r  t o testin g memory -
impaire d individuals .  Withou t  prio r  exposur e t o an y pat -
terns ,  subject s shoul d b e entirel y a t  chanc e a t  recognizin g 
ol d versu s ne w stimul i  an d a t  categorizin g member s versu s 
nonmembers .  O n e simpl e wa y o f  improvin g th e presen t 
categorizatio n paradig m i s t o hav e nonmember s b e distor -
tion s o f  a  differen t  prototype ;  induce d profoun d amnesic s 
migh t  notic e tha t  ther e ar e tw o cluster s o f  patterns ,  bu t 
withou t  prio r  exposur e t o on e o f  th e categories ,  i t  woul d b e 
impossibl e t o correctl y labe l  th e member s versu s th e non -
members. 

Finally ,  thes e result s als o poin t  ou t  som e importan t  over -
sight s b y forma l  theorie s o f  categorizatio n an d recognitio n 
(e.g. ,  Nosofek y &  Zaki ,  1998) .  Ou r  subject s categorize d 
quit e wel l  withou t  memorie s fo r  trainin g exemplars .  Yet , 
exempla r  model s accoun t  fo r  th e observe d dissociation s b y 
rehin g entirel y o n suc h memories .  Althoug h exempla r 
model s ca n b e augmente d t o allo w tes t  item s t o becom e par t 
of  th e categor y rqjresentation s (e.g. ,  Nosofeky ,  1986) ,  th e 
mechanism s b y whic h thi s kin d o f  unsupervise d categor y 
learnin g take s plac e hav e ye t  t o b e full y investigated . 
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