
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
Information, Uncertainty, and the Utility of Categories

Permalink
https://escholarship.org/uc/item/7sf1r242

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 7(0)

Authors
Gluck, Mark A.
Corter, James E.

Publication Date
1985
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/7sf1r242
https://escholarship.org
http://www.cdlib.org/


I n f o r m a t i o n ,  U n c e r t a i n t y ,  a n d t h e U t i l i t y  o f  C a t e g o r i e s 

Mark A. Gluck James E. Corter 

Stanfor d Universit y Columbi a Universit y 

I N T R O D U C T I ON 

Do categories which encode certain types of regularities or invariances in the world 

hav e a  specia l  psychologica l  status ? Man y studie s hav e show n tha t  som e categorie s o r 

grouping s o f  instance s ar e easie r  tha n other s t o lear n an d recal l  a s coheren t  concept s o r  gen -

eralizations .  Fo r  example ,  withi n a  hierarchicall y neste d se t  o f  categorie s (suc h a s a  taxon -

omy o f  animals) ,  ther e i s som e leve l  o f  abstraction—calle d th e "basi c level"—tha t  i s mos t 

natura l  fo r  peopl e t o us e (Rosch ,  Mervis ,  Gray ,  Johnson ,  &  Boyes-Braem ,  1976).  Fo r  exam -

ple ,  i n th e hierarch y animal-bird-robin ,  bir d i s th e basi c leve l  category .  Th e preferrentia l 

statu s o f  basi c leve l  categorie s ca n b e measure d i n a  variet y o f  ways .  Basi c leve l  name s ar e 

generall y learne d earlie r  b y childre n (Rosc h e t  al. ,  1976 ;  Daehler ,  Lonardo ,  an d Bukatko , 

1979) ,  an d aris e earlie r  i n th e developmen t  o f  language s (Berlin ,  Breedlove ,  &  Raven ,  1973) . 

Peopl e ten d t o spontaneousl y nam e picture d object s a t  th e basi c level ,  an d ca n nam e the m 

faste r  a t  thi s leve l  tha n a t  subordinat e o r  superordinat e level s (Rosc h e t  al. ,  1976 ;  Jolicoeur , 

Gluck ,  &  Kosslyn ,  1984) . 

Structural Explanations of the Optimality of Categories 

Recent findings suggest that the superiority of basic level categories is due to struc-

tura l  propertie s o f  th e categories ,  tha t  is ,  t o th e distributio n o f  feature s acros s instance s an d 

non-instance s (Murph y &  Smith ,  1982 ;  Hoffman n &  Ziessler ,  1983) .  Previou s attempt s t o 

characteriz e thes e structura l  regularitie s hav e focuse d o n measure s o f  th e degre e t o whic h 

basi c leve l  categorie s captur e regularitie s o r  invariance s i n th e world .  Fo r  example ,  i t  ha s 

been suggeste d tha t  basi c leve l  categorie s maximiz e th e averag e cu e validit y o f  feature s fo r  a 

categor y (e.g .  th e conditiona l  probabilit y  o f  a  categor y give n a  feature )  o r  th e averag e 

categor y validit y  {e.g .  th e conditiona l  probabilit y  o f  feature s give n a  category) ,  o r  som e com -

binatio n o f  th e two ,  suc h a s th e produc t  o f  th e cu e validit y an d categor y validit y (Rosc h & 

Mervis ,  1975 ;  Medin ,  1983 ;  Jones ,  1983) .  Thes e measure s o f  categor y structure ,  however , 

ar e purel y extensiona l  an d ignor e th e context s an d need s o f  peopl e wh o ar e creatin g an d 

usin g concepts .  Recen t  evidenc e suggest s tha t  conceptua l  structure s ar e highl y unstabl e 

and var y greatl y wit h contex t  (Murph y &  Medin ,  1985 ;  Barsalou ,  1983) .  W e sugges t  her e a 

context-sensitiv e measur e o f  th e utilit y  o f  categorizations .  Ou r  primar y goa l  i s  t o develo p a 

model  o f  th e structura l  basi s o f  basi c level s effects ;  w e presen t  evidenc e tha t  thi s measur e 

does predic t  th e occuranc e o f  basi c level s i n severa l  experiments .  W e ar e motivate d i n thi s 

effor t  b y th e belie f  tha t  th e existenc e o f  basi c level s reflect s a n underlyin g cognitiv e heuris -

ti c  tha t  peopl e us e fo r  organizin g informatio n abou t  th e world . 

For  thei r  guidanc e an d comments ,  w e ar e indebte d t o Gordo n Bower ,  Mish a Pavel ,  W .  K . 

Estes ,  E d Smith ,  Dou g Medin ,  Joachi m Hoffmann ,  an d Gre g Murphy .  Th e assistanc e o f  Kati e Albis -

to n an d Audre y Weinlan d i s als o grateful y acknowledged .  Pleas e addres s correspondenc e to :  Mar k 

A.  Gluck ,  Departmen t  o f  Psychology ,  Stanfor d University ;  Bldg .  420 ,  Stanford ,  C A 94305 . 
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The Informationa l  Valu e o f  Categorie t 

We suggest that the degree to ^hich certain concepts are favored over others may 

be relate d t o ho' n usefu l  thes e concept s ar e fo r  encodin g an d communicatin g informatio n 

abou t  th e propertie s o f  thing s i n th e world .  I n othe r  words ,  th e mos t  usefu l  categorie s ar e 

thos e tha t  are ,  o n th e average ,  optima l  fo r  communicatin g informatio n (henc e reducin g 

uncertainty )  abou t  th e propertie s o f  instances .  W e wil l  sho w ho w t o formaliz e thi s ide a i n 

situation s wher e th e relevan t  attribute s ar e wel l  defined . 

We consider two specific definitions of uncertainty and show the implications of 

eac h fo r  Categor y Utility .  First ,  w e utiliz e th e standar d definitio n o f  uncertaint y fro m 

informatio n theor y (Shanno n &  Weaver ,  1949) ,  an d sho w wha t  i t  implie s abou t  Categor y 

Utility .  Second ,  w e conside r  a  hypothetica l  communicatio n gam e i n whic h on e perso n 

attempt s t o transmi t  informatio n abou t  a n item' s attribute s t o anothe r  person .  Withi n thi s 

game,  w e interpre t  uncertaint y a s a n inabilit y  t o predic t  attributes ,  an d analyz e ho w 

categor y membershi p informatio n ca n b e use d t o transmi t  informatio n abou t  th e attribute s 

of  object s o r  events . 

We will describe our theory of Category Utility within the context of a finite popu-

latio n o f  items ,  eac h o f  whic h i s describabl e i n term s o f  a  se t  o f  multi-value d nomina l  attri -

but e dimensions .  Eac h attribut e dimension  (e.g .  ey e color )  i s  assume d t o hav e a  se t  o f  pos -

sibl e value s (e.g .  green ,  brown ,  blue) ,  on e o f  whic h occur s i n ever y instance .  A  categor y o f 

instance s ca n b e describe d b y specifyin g th e diatribution a o f  attribut e value s fo r  instance s i n 

th e category .  Fo r  example ,  a  specifi c  categor y o f  face s ma y hav e 4 0 % gree n eyes ,  5 0 % 

brow n eyes ,  an d 1 0 % blu e eyes . 

In information theory (Shannon fe Weaver, 1949), the uncertainty of a set, F, of n 

message s (i.e .  F  =  f̂ Ĵ y  '  '  '  ./« )  « s give n b y 

f^^ = -Em)iogm). 

We consider an attribute dimension to be a set of messages regarding the possible values of 

th e attribut e dimension .  Conside r  als o a  partition ,  C ,  o f  a  populatio n o f  object s int o tw o 

sets :  thos e whic h ar e member s o f  a  categor y c  an d thos e whic h ar e not .  Give n informatio n 

tha t  a n ite m i s a  member  o f  categor y c ,  th e uncertaint y o f  th e value s o f  attribut e dimen -

sio n F  wil l  be : 

(AF]c) = -f:p{m\ogP{fi\c), 
1=1 

wher e P{f,\c )  i s  th e conditiona l  probabilit y  tha t  a  member  o f  categor y c  ha s valu e / ,  o n 

attribut e dimension  F .  I f  instance s o f  c  occcu r  wit h probabilit y  p(c )  an d instance s o f  not- c 

occii r  wit h probabilit y  (l-p(c)) ,  the n th e expecte d reductio n i n uncertaint y whe n on e i s tol d 

th e categor y o r  not-categor y informatio n is : 

Categor y Uti l i ty(C^ ) 

pic)i: p{m\ogP{f,\c) + {i-nc))T, m not c)iosm not c) 
1=1 1= 1 .= 1 

Thi s measur e o f  Categor y Utilit y  i s  identica l  t o th e standar d notio n o f  th e informatio n 

tranamitte d betwee n th e messag e set s C  an d F . 
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I n certai n applications ,  w e ma y b e intereste d i n definin g th e informationa l  valu e o f 

categor y c  separatel y fro m tha t  o f  not-c .  Th e Categor y Utilit y  o f  categor y c  alon e i s give n 

by : 

Categor y Utility(c^ )  =  P(c ) - E T O i o g m )  -  -T.mc)\ogPif,\c ) 

The Guraaing-Gam e Measur e o f  Categor y Utilit y 

The information-theoretic measures of Category Utility given in the preceding sec-

tio n hav e clos e connection s t o expecte d performanc e i n a  featur e predictio n task .  I f  w e con -

side r  th e expecte d scor e o f  someon e guessin g th e value s o f  eac h attribut e dimensio n o f  a n 

item ,  w e ca n compar e thei r  expecte d scor e whe n the y kno w nothin g abou t  th e ite m t o thei r 

expecte d scor e whe n the y ar e tol d whethe r  th e item s belon g t o c  o r  not-c . 

Assuming that the receiver adopts a probability-matching strategy (e.g. the receiver 

guesse s valu e / ,  wit h a  probabilit y  equa l  t o hi s expectatio n o f  th e likelihoo d o f  / ,  occurin g 

give n c  o r  not-c )  thei r  expecte d increas e i n scor e give n th e categor y messag e ca n b e show n 

t o b e give n by : 

Categor y U t i n t y (C^ )  = -  E  Pi0 . n c ) T . m c f  +  {i-p[c))T. m no t  c f 

I f  th e receive r  i s assume d t o hav e n o informatio n abou t  th e not- c distribution ,  the n th e 

expecte d increas e i n scor e i s 

Categor y Utility(c^ )  =  P(c ] T,nf,\cf-T.nfS ' 

Th e information-theoreti c an d expected-scor e measure s o f  Categor y Utilit y  ar e 

closel y relate d bot h i n mathematica l  for m an d i n term s o f  ho w the y orde r  categorie s a s t o 

relativ e goodnes s becaus e lo^p )  approximate s t o p  fo r  smal l  numbers .  Futhermore ,  assump -

tion s abou t  alternat e guessin g strategie s hav e littl e effec t  o n th e predicte d ordering s o f 

categorizatio n utilit y  a s lon g a s th e strateg y predict s tha t  th e receive r  wil l  d o bes t  whe n 

one  attribut e valu e i s certai n an d wil l  d o wors t  whe n al l  attribut e value s ar e equall y likely . 

I n al l  ou r  empirica l  application s t o date ,  th e mos t  significan t  discrepanc y betwee n result s o f 

th e information-theoreti c an d th e feature-predictio n version s ar e a  fe w case s i n whic h a  ti e 

i n th e goodnes s o f  tw o categorie s wa s broke n b y us e o f  th e othe r  version . 

APPLICATIONS T O CATEGORIZATION EXPERIMENTS 

Hoffmann and Ziessler (1983) replicated the basic level phenomena using a series of 

thre e artificia l  categor y hierarchies .  Th e hierarchie s wer e differentiate d b y th e degre e t o 

whic h exemplar s o f  categorie s a t  differen t  level s shar e c o m m o n attribut e values .  Thu s a 

differen t  leve l  wa s expecte d t o b e basi c i n eac h o f  th e hierarchies . 
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Subject s wer e assigne d t o lear n on e o f  th e thre e hierarchies .  The y wer e taugh t  t o 

associat e eac h ite m wit h categor y name s a t  thre e level s o f  generalit y (e.g .  exemplar ,  inter -

mediate ,  superordinate) .  Followin g this ,  subject s wer e presente d wit h a  pictur e o f  one  o f 

th e items ,  paire d wit h a  concep t  name .  The y wer e aske d t o verify ,  a s quickl y a s possible , 

whethe r  o r  no t  th e pictur e wa s a n exampl e o f  th e name d category .  I n a  secon d task ,  the y 

wer e aske d t o recal l  th e correc t  nam e a t  a  give n leve l  o f  abstraction .  Reactio n time s fo r 

bot h th e verificatio n an d namin g studie s indicate d tha t  th e basi c leve l  wa s a t  th e superordi -

nat e leve l  fo r  on e hierachy ,  a t  th e intermediat e leve l  fo r  another ,  an d a t  th e exempla r  leve l 

fo r  th e thir d hierarchy . 

We evaluated the ability of our Category Utility index to predict, for each hierar-

chy ,  whic h leve l  woul d b e optima l  o r  basic .  Th e optima l  leve l  i s  operationall y define d t o b e 

th e leve l  a t  whic h peopl e ar e quickes t  t o verif y tha t  a n objec t  i s  a  member  o f  th e category . 

Accordin g t o ou r  theory ,  th e averag e Categor y Utilit y  o f  th e categorie s a t  a  give n leve l 

shoul d b e highes t  fo r  thi s optima l  level .  Utilizin g a  straightforwar d encodin g o f  th e draw -

ing s usin g thre e attribut e dimension s (outline ,  edge ,  an d bottom )  wit h two ,  four ,  an d fou r 

attribut e value s respectively ,  w e calculate d bot h th e averag e Categor y Utility(c,F )  o f  th e 

individua l  categorie s an d th e averag e Categor y Utility(C,F )  o f  th e partition s induce d b y 

eac h individua l  category .  Fo r  comparison ,  w e als o calculate d th e averag e cue  validity , 

categor y validity ,  an d th e produc t  o f  thes e tw o (G .  Jones '  (1983 )  "collocation "  measure) . 

In these studies, cue validity and the collocation measure invariably identified the 

highes t  leve l  a s best .  Categor y validit y faile d t o distinguis h betwee n an y o f  th e levels .  I n 

summary ,  thes e measure s wer e insensitiv e t o th e manipulatio n o f  attribute s acros s th e thre e 

hierarchies ;  eac h faile d t o predic t  th e basi c leve l  i n a t  leas t  tw o ou t  o f  thre e studies .  Th e 

averag e Categor y Utility(c,F )  inde x correctl y predicte d th e oirderin g o f  reactio n time s fo r 

th e thre e level s i n eac h o f  th e thre e hierarchies ,  wit h th e exceptio n o f  givin g equa l  rating s t o 

th e basi c an d intermediat e level s i n th e first  hierarchy .  Th e averag e Categor y Utility(C,F ) 

inde x correctl y predicte d th e orderin g o f  reactio n time s i n al l  thre e hierarchies . 

In addition, in the analyses of a similar experiment by Murphy & Smith (1982), 

Categor y Utilit y  wa s als o th e onl y measur e whic h successfull y predicte d th e basi c level . 

DISCUSSION 

The results from these experiments indicate that Category Utility is able to predict 

th e psychologicall y preferre d leve l  o f  categorizatio n i n thes e verificatio n an d namin g experi -

ments .  Non e o f  th e alternativ e measure s di d nearl y a s well .  A n additiona l  advantag e t o th e 

measur e i s tha t  i t  i s  contex t  sensitive :  Categor y Utilit y  i s  compute d a s a n expecte d decreas e 

i n uncertaint y give n som e contex t  population .  Thus ,  thi s afford s a  wa y o f  measurin g ho w 

the  utilit y  o f  a  categor y o r  generalizatio n ca n chang e dependin g o n th e contex t  i n whic h i t 

i s  analyzed .  Thi s i s particularl y importan t  fro m a  psychologica l  standpoin t  becaus e o f  evi -

denc e indicatin g tha t  th e usefulnes s o f  categorie s an d concept s i s highl y contex t  dependen t 

(Murph y &  Medin ,  1985;  Barsalou ,  1982 ,  1983). 
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