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Bas i c L e v e l s i n Hierarchicall y Structure d Categor ie s 

James E. Corter Mark A. Gluck Gordon H. Bower 

Columbi a Stanfor d Stanfor d 

I n a  hierarchica l  se t  o f  categories ,  on e leve l  o f  th e hierarch y i s sai d t o b e "basic "  i f  categorie s 

at  tha t  leve l  see m t o b e use d mor e easil y (e.g .  name d faster )  tha n categorie s a t  othe r  levels .  A n 

experimen t  wa s conducte d t o determin e whethe r  th e featur e structur e o f  a  hierarch y o f  artificia l 

categorie s (fictitiou s diseases )  ca n induc e "basi c level "  effects .  Th e featur e structur e o f  thi s 

hierarch y wa s patterne d afte r  a n experimen t  b y Hoffma n an d Ziessle r  (1983) ,  i n whic h th e middl e 

leve l  o f  th e hierarch y wa s foun d t o b e "basic" .  I n a  learnin g task ,  subject s learne d t o diagnosi s 

patien t  description s (consistin g o f  a  lis t  o f  symptoms )  i n term s o f  th e fictitious  diseases .  I n a  sub -

sequen t  verificatio n task ,  the y wer e show n a  patien t  descriptio n paire d wit h a  diagnosis ,  an d aske d 

t o judg e th e correcmes s o f  th e diagnosis .  Mea n reactio n time s wer e smalles t  fo r  categorie s a t  th e 

middl e leve l  o f  th e hierarchy ,  showin g tha t  thi s leve l  wa s indee d basic .  I n addition ,  analysi s o f 

dat a firom  th e learnin g tas k showe d tha t  subject s mad e th e highes t  proporatio n o f  correc t  diagnose s 

fo r  disease s a t  th e middl e level ,  thu s confirmin g th e advantag e o f  th e middl e level .  Thes e result s 

provid e additiona l  evidenc e fo r  basi c leve l  phenomen a i n th e retrieva l  o f  categorica l  infwmatio n 

fro m memor y f w hierarchicall y structure d categories ;  the y exten d previou s findings  b y showin g 

basi c leve l  effect s wit h categorie s describe d i n term s o f  conceptua l  (verbal )  rathe r  tha n purel y 

visua l  features . 

INTRODUCTION 

Certain categories seem to be learned and used more easily than others. One line of research that 

has show n thi s clearl y i s  th e wor k o n "basi c level "  categorie s (Mervi s &  Rosch ,  1981) .  Withi n a  hierar -

ch y o f  categorie s a t  variou s level s o f  generalit y (e.g .  sparrow-bird-animat) ,  on e particula r  leve l  o f 

categor y {bir d i n thi s example )  i s  usuall y foun d t o b e use d mos t  readily ,  an d i s referred  t o a s th e basi c 

level .  I n laborator y studie s th e criterio n variabl e mos t  ofte n use d t o determin e whic h leve l  o f  a  hierarch y 

of  categorie s i s basi c i s th e mea n reaction  tim e t o nam e categorie s a t  tha t  level ,  o r  t o verif y category -

name pairing s (Rosch ,  Mervis ,  Gray ,  Johnson ,  &  Boyes-Braem ,  1976 ;  Jolicoeur ,  Gluck ,  &  Kosslyn , 

1984) . 

Rosch and colleagues (e.g., Rosch & Mervis, 1975) originally suggested that basic level 

categorie s ar e specia l  becaus e the y captur e significan t  regularitie s o r  pattern s i n th e feature s associate d 

wit h thes e categories .  Fo r  example ,  basi c leve l  categorie s appea r  t o b e th e mos t  genera l  (i.e. ,  abstract ) 

categorie s fo r  whic h member s hav e man y commo n properties .  W e refer  t o thi s typ e o f  explanatio n o f  th e 

basi c leve l  advantag e a s a  structura l  theory ,  sinc e i t  implie s tha t  certai n categorie s ar e "basic "  becaus e o f 

thei r  structura l  properties ,  namely ,  th e statistica l  association s betwee n feature s an d categories . 

An alternative to such structural theories of the basic level phenomenon is the notion that type of 

featur e i s importan t  i n determinin g th e basi c level .  Fo r  example ,  Tversk y an d Hemenway (1984 )  reporte d 

tha t  whe n peopl e ar e aske d t o giv e list s o f  feature s fo r  variou s categories ,  ther e i s a  differenc e i n th e typ e 

Correspondenc e shoul d b e addresse d to :  Dr .  Jame s E .  Corter ,  Bo x 41 ,  Teacher s College ,  Columbi a Univer -

sity ,  Ne w York ,  N Y 10027 .  Thi s researc h wa s supporte d b y NS F Gran t  BNS-8618049 . 
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of  feature s the y giv e fo r  superordinat e an d basi c leve l  categories .  Fo r  superordinat e categories ,  associate s 

and function s ar e commonl y listed .  A t  an d belo w th e basi c level ,  th e mos t  commonl y mentione d feature s 

of  concept s ar e parts ,  suc h a s wing s fo r  bird s an d engin e fo r  cars . 

Thus the existence of basic levels may be due to qualitative differences in the features associated 

wit h categorie s rathe r  tha n t o quantitativ e differences .  Perhap s mor e abstract ,  superordinat e categorie s 

(e.g .  vehicles ,  weapons )  aggregat e object s b y simih r  function s whic h ar e abstrac t  an d nonperceptual , 

wherea s basi c leve l  categorie s rely  mor e heavil y o n commo n perceptua l  properties .  Accordin g t o thi s 

feature-typ e hypothesis ,  th e basi c leve l  findings  simpl y sho w tha t  perceptua l  feature s ar e mor e easil y use d 

tha n abstrac t  feature s suc h a s function . 

An important experiment by Murphy and Smith (1982) demonstrated that basic-level effects 

coul d b e obtaine d b y manipulatin g th e feamr e compositio n o f  a  se t  o f  artificia l  stimuli .  I n thi s experi -

ment  subject s wer e taugh t  a  hierarch y o f  artificia l  categorie s (fictitiou s tools )  tha t  wa s designe d s o tha t  th e 

middl e leve l  shoul d b e basic .  I n late r  namin g an d verificatio n tasks ,  thei r  subject s responded  quickes t  t o 

categorie s a t  th e middl e level ,  thu s confimiin g tha t  thi s leve l  wa s psychologicall y "basic" .  However , 

Murph y an d Smit h di d no t  desig n thei r  experimen t  t o distinguis h betwee n th e feature-structur e an d 

feature-typ e explanations .  Whil e thei r  subordinat e an d basi c leve l  categorie s wer e distinguishe d b y per -

ceptua l  features ,  thei r  superordinat e categorie s wer e define d onl y i n term s o f  functio n (tool s use d fo r 

poundin g vs .  tool s use d fo r  cutting) . 

This confounding of level with type of feamre was avoided in experiments by Hoffman and 

Ziessle r  (1983) .  Differen t  group s o f  subject s wer e taugh t  on e o f  thre e categor y hierarchies .  Exemplar s o f 

th e categorie s wer e schemati c lin e drawing s o f  rocke t  ships .  I n on e hierarchy ,  th e feature-categor y asso -

ciation s wer e suc h tha t  th e to p leve l  wa s expecte d t o b e basic ,  i n th e secon d hierarch y s o tha t  th e middl e 

leve l  woul d b e basic ,  an d i n th e thir d s o tha t  th e botto m leve l  woul d b e basic .  Thes e prediction s wer e 

confirme d b y subjects '  reaction  time s t o nam e th e categorie s an d t o verif y category-nam e pairings .  I n 

eac h hierarch y th e categorie s a t  th e basi c leve l  wer e name d fastest ,  regardless  o f  whethe r  th e basi c leve l 

corresponde d t o th e top ,  middle ,  o r  botto m leve l  o f  th e hierarchy . 

The results of these last two experiments demonstrate that feature structure and/or feature type 

ar e sufficien t  t o caus e a  basic-leve l  effect .  However ,  becaus e feature-structur e an d feature-typ e wer e con -

founde d b y Murph y an d Smith ,  onl y th e Hoffma n an d aessle r  experiment s demonstrat e tha t  featur e 

structur e alon e i s sufficien t  t o caus e a  basic-leve l  effect .  I t  i s  importan t  tha t  thi s critica l  experimen t  b e 

replicate d an d extended .  I n particular ,  sinc e pictoria l  stimul i  wer e use d i n bot h previou s studies ,  th e 

questio n remains  o f  whethe r  i t  i s  onl y visua l  feature s tha t  ca n induc e basic-leve l  effects .  Therefore ,  th e 

presen t  experimen t  wa s designe d t o se e i f  basi c leve l  effect s coul d b e obtaine d wit h non-pictoria l  stimuli , 

specifically ,  categorie s define d i n term s o f  verba l  features .  I f  so ,  thi s woul d indicat e tha t  th e basi c leve l 

effect s ar e no t  purel y a  percepma l  pheiwmenon ,  bu t  rathe r  aris e fro m ver y genera l  cognitiv e mechanisms . 

Such a  finding  woul d thu s constitut e stron g evidenc e tha t  a  purel y structura l  explanatio n o f  basi c leve l 

phenomena i s tenable . 

E X P E R I M E NT 1 

A set of materials was designed to mimic the feature structure of Hoffman and Ziessler's Hierar-

ch y 2 .  However ,  ou r  categorie s wer e define d i n term s o f  verba l  o r  conceptua l  feature s rathe r  tha n percep -

tua l  ones .  Specifically ,  th e categorie s wer e disease s an d instance s o f  th e categorie s wer e individua l 

patient s wit h a  se t  o f  symptom s characteristi c o f  th e disease .  I n a  traiiun g tas k subject s learne d t o diag -

nos e individua l  patients ,  eac h describe d a s a  se t  o f  symptoms ,  i n term s o f  whic h diseas e th e patien t  had . 
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Followin g th e trainin g tas k a  verificatio n tes t  wa s give n i n whic h subject s wer e presente d wit h a  variet y 

of  patien t  description s paire d wit h a  diagnosis ,  an d wer e aske d t o indicat e whethe r  tha t  diagnosi s wa s 

correct .  Th e measur e o f  primar y interes t  wa s th e averag e reaction  tim e t o verif y diagnose s fo r  categorie s 

at  variou s level s o f  th e hierarchy . 

Materials 

The concepts to be learned were fictitious diseases. Instances of the diseases were individual 

patien t  descriptions ,  eac h consistin g o f  a  lis t  o f  thre e symptoms .  A n exampl e patien t  descriptio n is : 

"blotch y rash ,  swolle n gums ,  red  eyes" .  On e sympto m alway s pertaine d t o gums ,  on e t o eyes ,  an d on e t o 

rash .  Eac h o f  thes e sympto m "dimensions "  wa s substitutiv e i n nature ,  havin g fou r  possibl e values .  A n 

individua l  patien t  descriptio n containe d on e valu e o f  eac h o f  th e thre e sympto m dimensions .  Th e fou r 

possibl e value s o f  th e ras h dimensio n were :  blotchy ,  spotted ,  itchy ,  scaty .  Fo r  gum s the y wer e swollen , 

discolored ,  bleeding ,  sore ,  an d fo r  eye s the y wer e puffy ,  sunken ,  red ,  burning . 

The set of diseases to be learned were defined at several levels of generality. Specifically, the 

concept s forme d a  hierarch y wit h eigh t  bottom-level ,  fou r  middle-level ,  an d tw o top-leve l  categories . 

The hierarch y o f  diseas e name s i s show n i n Tabl e 1 .  Th e featur e structur e (i.e .  th e symptom-diseas e 

associations )  o f  thes e categorie s wa s adopte d fro m Hoffma n an d Ziessler' s (1983 )  Hierarch y 2 ,  whic h 

was designe d s o tha t  th e middl e leve l  wa s expecte d t o b e psychologicall y basic .  Th e stimul i  i n Tabl e 1 

wer e mad e u p t o hav e thi s sam e structure ,  wit h sympto m dimension s replacing  th e perceptua l  featur e 

dimension s o f  th e Hoffma n &  Ziessle r  stimuli . 

TABLE 1 

Top 

1 
queritis m —1 

1 

1 
philitisi n —1 

1 

The Diseas e Hierarch y an d it s Featur e Structur e 

Categorie s 

Middl e 

~ burlosi s - < 

-  cretosi s ~ < 

"  midosi s ~ < 

-  nitosi s ~ < 

Botto m 

-jirenz a 

-  malenz a 

~ gilenz a 

-  surenz a 

-  habenz a 

-  kelenz a 

-  tumenz a 

-  valenz a 

Featur e Dimension s 

G u ms Eye s Ras h 

1 1  1 

1 2  1 

2 3  2 

2 4  2 

3 1  2 

3 2  2 

4 3  1 

4 4  1 
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For  eac h subjec t  th e correspondenc e betwee n feature s an d structur e wa s randoml y assigned .  Also , 

middle-leve l  an d bottom-leve l  categor y name s wer e randoml y assigne d t o th e featur e structur e shown . 

Metho d 

Subjects were students and other members of the Columbia University community who were paid 

$6 pe r  hou r  fo r  thei r  participation .  I n all ,  2 7 subject s wer e tested .  Subject s wer e informe d tha t  eac h 

patien t  descriptio n woul d consis t  o f  on e ras h symptom ,  on e eye s symptom ,  an d on e gum s symptom .  I t 

was explaine d tha t  jus t  a s real  disease s coul d b e diagnose d a t  mor e o r  les s genera l  level s (e.g .  jaundice , 

hepatitis ,  hepatiti s  A ) ,  s o th e presen t  disease s woul d b e identifie d sometime s i n mor e genera l  an d some -

time s i n mor e specifi c  terms .  However ,  th e actua l  hierarch y o f  disease s wa s neve r  show n t o th e subject . 

Stimuli were presented, and responses collected, on an IBM AT microcomputer. The training 

phas e involve d block s o f  tw o differen t  tasks :  stud y an d testing .  I n a  give n bloc k diagnose s wer e t o b e 

made onl y a t  a  singl e leve l  o f  th e hierarchy .  I n a  stud y block ,  th e subjec t  sa w a  successio n o f  patien t 

descriptions ,  eac h paire d wit h th e correc t  diagnosis .  Immediatel y afte r  thi s a  testin g bloc k wa s give n a t 

th e sam e level .  Her e th e subjec t  sa w patien t  description s an d ha d t o identif y the m wit h name s o f  disease s 

at  tha t  level .  A  response  wa s entere d b y typin g th e first  lette r  o f  th e diseas e name .  Correctiv e feedbac k 

was give n followin g th e subject' s response.  Bot h th e stud y an d testin g wer e self-paced ,  althoug h subject s 

goin g extremel y slo w durin g th e first  fe w stud y block s wer e urge d t o spee d up .  Block s wer e o f  differen t 

lengths ,  dependin g o n th e leve l  o f  categorization ,  i n orde r  t o equaliz e th e frequenc y o f  usag e o f  eac h 

categor y (disease )  name .  Top-leve l  block s consiste d o f  eigh t  trial s (on e presentatio n o f  al l  eigh t  pattern s 

of  symptoms) ,  middle-leve l  block s ha d 1 6 trial s (tw o cycle s throug h th e eigh t  patterns) ,  an d bottom-leve l 

block s ha d 3 2 (fou r  cycles) .  Thus ,  eac h categor y nam e wa s experience d fou r  time s pe r  block . 

Overall, the structure of the training phase was as follows. Subjects were given a study block fol-

lowe d b y a  tes t  bloc k a t  on e level ,  the n a  pai r  o f  block s a t  anothe r  leve l  (i.e. ,  a  stud y followe d b y a  tes t 

block) ,  the n a  pai r  a t  th e thir d level .  The n thre e mor e pair s o f  block s wer e given ,  usin g a  differen t  order -

in g o f  levels .  A t  thi s poin t  th e subjec t  ha d see n si x stud y block s an d si x tes t  blocks .  Si x mor e tes t  block s 

followed .  I f  b y thi s tim e th e subjec t  wa s performin g a t  criterio n (90 % correc t  diagnoses )  o n al l  thre e lev -

els ,  th e trainin g wa s terminated .  Otherwis e th e subjec t  repeated  set s o f  thre e tes t  block s (on e a t  eac h 

level )  unti l  thi s overal l  criterio n wa s attained .  Thre e differen t  ordering s o f  block s wer e countert)alance d 

acros s subjects .  On e orde r  presente d th e botto m leve l  first,  on e th e middl e level ,  an d on e th e to p level . 

The order s were :  M-T-B-T-B-M-B-M-T-... ,  T-B-M-B-M-T-M-T-B-... ,  B-M-T-M-T-B-T-B-M-.. . 

Once subjects had learned the category hierarchy to criterion, their use of these categories was 

teste d i n a  verificatio n task .  I n th e verificatio n tas k subject s wer e presente d wit h a  patien t  description , 

paire d wit h a  correc t  o r  a n incorrec t  diagnosis .  Th e subjec t  responded  "yes "  o r  "no "  b y mean s o f  spe -

ciall y labelle d key s o n th e keyboard .  Simpl e feedbac k o n th e validit y o f  th e subject' s response  ("correct " 

or  "incorrect" )  wa s given .  Hal f  th e trial s wer e tru e ("yes" )  trials ,  an d hal f  wer e fals e ("no" )  trials .  Th e 

reactio n tim e an d correcmes s o f  eac h response  wa s recorded.  Ther e wer e 1 2 block s o f  2 4 trial s each .  A s 

i n th e trainin g phase ,  i n a  bloc k o f  trial s diagnose s (bot h correc t  an d incorrect )  wer e mad e onl y a t  a  singl e 

level .  Th e sam e thre e ordering s o f  level s describe d abov e wer e use d i n thi s task . 
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Result s 

Six subjects (out of 27) did not leam the categories to criterion within the allotted time (2.5 

hours )  an d therefor e wer e no t  give n th e verificatio n task .  Thu s complet e dat a wa s availabl e fo r  2 1 sub -

jects . 

The measure of primary interest for identifying the basic level is the mean reaction time to verify 

diagnose s a t  eac h o f  th e thre e level s i n th e verificatio n task .  Response s shoul d b e quickes t  fo r  categorie s 

(diseases )  a t  th e basi c level .  I n th e verificatio n tas k ther e wer e fou r  block s a t  eac h level .  Th e first  o f 

thes e wa s no t  analyzed .  Base d o n a n examinatio n o f  th e distributio n o f  reactio n time s fo r  individua l  sub -

jects ,  responses  wit h latencie s greate r  tha n 1 5 second s wer e considere d t o b e outlier s an d wer e exclude d 

fro m furthe r  analysis .  Les s tha n 1 % o f  th e responses  wer e eliminate d b y thi s rule .  Th e mea n reaction 

time s fo r  eac h leve l  (average d ove r  th e thre e analyze d blocks )  ar e show n i n Tabl e 2 . 

T A B LE 2 :  Mea n an d S.D .  o f  Verificatio n Reactio n Time s 

by Leve l  o f  Categorizatio n 

TOP MIDDLE BOTTOM OVERALL 

M E AN 3.11 5 2.56 7 3.04 5 2.90 9 
S.D.  1.31 3 0.67 9 0.85 8 1.00 1 

The hypothesi s tha t  th e middl e leve l  woul d b e verifie d fastes t  wa s teste d wit h a  specia l  contras t  i n 

a repeated-measure s A N O V A.  Th e hypothesi s wa s confirmed ,  F(l,20 )  =  14.20 ,  p  <  .01 .  A  compariso n o f 

th e to p an d botto m level s wa s no t  significant ,  F(l,20 )  =  0.05 .  A  majorit y o f  subject s (1 1 ou t  o f  21 ) 

showe d th e expecte d patter n (tha t  is ,  verifie d th e middle-leve l  categorie s fastest) .  Fiv e subject s verifie d 

th e top-leve l  categorie s fastest ,  an d five  th e botto m leve l  categories . 

The learning task can also provide useful data on the relative "goodness" of categories at the three 

level s o f  th e hierarchy ,  i n th e for m o f  th e proportio n o f  correc t  categor y identification s a t  eac h leve l  o f  th e 

hierarchy .  I f  th e middl e leve l  i s  indee d basi c fo r  thi s structure ,  the n a  highe r  proportio n o f  middle-leve l 

categorie s shoul d b e correctl y identified ,  compare d wit h top-leve l  o r  bottom-leve l  categories .  Thi s 

hypothesi s wa s confirme d b y th e data .  Acros s al l  blocks ,  th e mea n proportio n correc t  wa s .82 4 fo r  th e to p 

level ,  .92 4 fo r  th e middl e level ,  an d .87 8 fo r  th e botto m level .  Th e advantag e o f  th e middl e leve l  ove r  th e 

to p an d botto m level s wa s teste d b y a  specia l  contras t  i n a  repeate d measure s A N O V A,  an d wa s 

significan t  a t  th e .0 1 level ,  F(l,20 )  =  8.96 .  To p an d botto m level s di d no t  diffe r  significantly ,  F(l,20 )  = 

1.51 .  Th e orderin g o f  level s b y proportio n correc t  di d no t  chang e whe n th e proportion s wer e correcte d 

fo r  guessin g b y th e formulap '  = p -  >l~^| ,  wher e p '  i s  th e correcte d proportion ,  p  i s th e uncorrecte d 

proportio n o f  correc t  identifications ,  an d k  i s th e numbe r  o f  alternativ e categorie s a t  tha t  level .  Th e 

correcte d proportion s fo r  th e top ,  middle ,  an d botto m level s wer e .648 ,  .899 ,  an d .861 . 

The mean proportion correct for a level is calculated over all blocks of a subject's data. Thus, it 

i s  a n averag e o f  a  wid e rang e o f  values ,  whic h generall y increas e towar d unity .  I t  i s  natura l  t o as k i f  th e 

relativ e advantag e o f  th e middl e leve l  varie s a s a  functio n o f  block ,  perhap s decreasin g a s al l  level s ar e 

learne d t o criterion .  Figur e 1  present s th e mea n proportio n correc t  fo r  eac h level ,  calculate d b y bloc k fo r 

th e first  fou r  block s (whic h wer e th e onl y block s experience d b y ever y subject) . 
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Figure 1. Mean {xoportion correct for levels by block (first four blocks) from Experiment 1. 

It can be seen from Figure 1 that the middle level exhibits an advantage over the top and bottom 

level s i n al l  blocks .  A  dro p i n accurac y fo r  th e to p an d middl e level s fro m Bloc k 2  t o Bloc k 3  i s evident , 

n o doub t  du e t o th e fac t  tha t  eac h o f  th e first  tw o tes t  block s wa s immediatel y precede d b y a  stud y block . 

Analyses were also done on the learning data from the six subjects who did'not learn the diseases 

t o criterio n i n th e allotte d time .  Averag e proportio n correc t  fo r  thes e subject s showe d th e sam e patter n 

(highes t  accurac y o n th e middle-leve l  categories )  a s th e subject s w h o successfull y learne d th e categorie s 

t o criterion . 

S U M M A RY 

In the present experiment naive subjects were taught a hierarchical set of artificial categories, 

the n teste d i n a  verificatio n task .  M e a n reactio n time s i n th e verificatio n tas k indicate d tha t  th e middl e 

leve l  o f  th e stimulu s hierach y wa s basic ,  sinc e diagnose s wer e m a d e mos t  quickl y a t  tha t  level .  I n addi -

tion ,  fewes t  error s wer e m a d e o n th e middl e leve l  durin g th e trainin g task ,  indicatin g tha t  th e middl e leve l 

was easies t  t o learn . 

The results of the present experiment demonstrate that the feature structure alone of a hierarchi-

cal  se t  o f  categorie s i s sufficien t  t o induc e a  basi c leve l  effect ,  thu s replicatin g th e experiment s o f  Hoff -

m an an d Ziessle r  (1983) .  Thes e results  demonstrate-tha t  explanation s o f  basi c level s base d o n featur e 

typ e ar e no t  necessary .  I n addition ,  th e presen t  experimen t  extend s previou s findings  b y demonstratin g 

basi c leve l  effect s wit h categorie s describe d i n term s o f  verba l  rathe r  tha n schemati c visua l  features . 

Accordingly ,  th e presen t  results  provid e evidenc e tha t  th e basi c leve l  effect s ar e no t  purely  a  perceptua l 

phenomenon ,  bu t  rathe r  reflect  mor e genera l  characteristic s o f  h u m a n learnin g an d m e m o r y .  Thi s pro -

vide s a n additiona l  empirica l  constrain t  o n model s o f  h u m a n categor y learning .  W e ar e currentl y 
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workin g o n a n extensio n o f  ou r  adaptiv e networ k mode l  (Gluc k &  Bower ,  1988 )  t o accoun t  fo r  basi c 

leve l  effects ,  bu t  thes e result s ar e a t  to o earl y a  stag e t o repor t  here . 
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