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R a t i o n a l  C a t e g o r i e s 

E m m a n u el  M .  Potho s (pothos@psy.ox.ac.uk ) 
Universit y  o f  Oxford ;  Departmen t  o f  Experimenta l  Psycholog y 

Sout h Park s Road .  Oxfor d 0X 1 3UD ,  U K 

Nick Chater (nick.chater@warwick.ac.uk) 
Universit y  o f  Warwick ;  Departmen t  o f  Psycholog y 

Coventr y C V 4 7AL ,  U K 

Abstrac t 

We adopt the interpretation of rationality according to which 
an organism' s behavio r  i s rationa l  i f  i t  i s optimall y adapte d t o 
it s environmen t  (Anderson ,  1990 ,  1991a ,  1991b) .  Rationality , 
accordin g t o thi s view ,  ofte n implie s mechanism s tha t  ar e a s 
informationall y efficien t  a s possible .  W e interpre t  th e 
proble m o f  basic-leve l  categorizatio n (Rosc h &  Mervis , 
1975 )  a s on e o f  dat a compressio n withi n a n informatio n 
theor y framework ,  t o defin e a  framewor k whereb y th e bes t 
classificatio n o n a  se t  o f  item s i s th e on e tha t  maximall y 
compresse s th e descriptio n o f  th e similarit y structur e o f  thes e 
items .  Thi s fi^amework  i s  the n use d t o examin e whethe r 
participant s i n tw o experiment s classifie d meaningles s item s 
i n a  wa y tha t  reflecte d suc h a  compressio n bias .  I n additio n t o 
th e implication s fo r  huma n basic-leve l  categorization ,  a n 
objectiv e criterio n i s  establishe d fo r  assessin g th e relativ e 
merit s o f  alternativ e clusterin g solution s o n th e sam e domain . 

Introduction 

A fundamenta l  proble m fo r  an y livin g creatur e tryin g t o 

surviv e o r  fo r  an y statisticia n face d wit h nois y data ,  i s  t o 

identif y h o w m u c h (i f  any )  usefu l  structur e exist s i n a  nois y 

input .  Classificatio n aim s t o identif y group s o f  individual s 

so tha t  withi n categor y similarit y i s  greate r  tha n betwee n 

categor y similarity .  W e hav e interprete d th e classificatio n 

proble m i n informatio n theor y term s an d use d th e m i n i m u m 

descriptio n lengt h principl e ( M D L ,  Rissanen ,  1978 )  t o 

specif y a  framewor k whereb y partitionin g a  se t  o f  object s 

int o group s i s  favore d t o th e exten t  tha t  ther e i s a  dat a 

compressio n advantage .  Th e M D L principl e state s tha t 

"...th e bes t  theor y t o infe r  fro m a  se t  o f  dat a i s th e on e whic h 

minimize s th e lengt h o f  th e theor y an d th e lengt h o f  th e dat a 

w h en encode d usin g th e theor y a s a  predicto r  fo r  th e data. " 

(Quinla n &  Rivest ,  1989) .  Length s o f  object s refe r  t o a 

binar y strin g descriptio n o f  thes e object s i n som e arbitrar y 

programmin g language ;  th e binar y strin g ca n b e see n a 

serie s o f  binar y question s tha t  woul d b e neede d t o specif y a n 

object ,  s o tha t  smalle r  length s correspon d t o simple r  objects . 

Applyin g th e M D L principl e t o categorizatio n require s 

specifyin g a  w a y t o cod e fo r  th e similarit y structur e i n a  se t 

of  item s (whic h woul d giv e u s a  measur e o f  th e informatio n 

conten t  o f  th e domain )  an d als o definin g th e meanin g o f 

categories .  T h e latte r  mus t  includ e th e informatio n cos t  (tha t 

i s th e extr a cod e tha t  woul d b e needed )  fo r  specifyin g a 

classificatio n o f  th e item s i n categories ,  an d a  descriptio n o f 

h o w thi s classificatio n m a y reduc e th e descriptio n lengt h o f 

th e items . 

Quinla n an d Rives t  (1989 )  hav e reporte d a  decisio n tre e 

metho d base d o n M D L ,  whereb y differen t  exemplar s ar e 

partitione d int o disjoin t  groups ,  wit h tre e structur e cost s 

define d i n term s o f  th e informatio n require d b y a n imaginar y 

computationa l  procedur e creatin g th e tree .  Ou r  approac h i s 

simila r  t o their s i n spirit ,  bu t  w e hav e trie d t o defin e 

clustering-configuratio n complexit y cost s an d erro r  cost s i n 

mor e genera l  information-theoreti c terms ,  s o tha t  th e lin k 

wit h psychologica l  processe s woul d b e mor e direct . 

Rationality and information gain in 
psycho log i ca l  m o d e l s 

T h e traditiona l  view s o f  rationalit y originat e fro m Aristotle , 

whereb y rationalit y wa s understoo d t o b e fundamentall y 

associate d wit h th e capacit y t o reaso n accordin g t o th e rule s 

of  (classical )  logic .  Thi s vie w ha s survive d t o th e presen t 

da y (e.g. .  Brown ,  1989) ,  despit e overwhelmin g evidenc e 

tha t  human s ver y ofte n fal l  pre y t o a n alarmingl y larg e 

number  o f  logica l  fallacies ,  an d als o despit e th e discover y o f 

many othe r  logica l  systenis ,  s o tha t  ( a prior i  a t  least )  ther e 

woul d b e n o reaso n w h y classica l  logi c should  provid e th e 

normativ e mode l  fo r  though t  (see ,  e.g. ,  Brain e et .  al. ,  1995 , 

fo r  a n exampl e o f  a  reasonin g mode l  base d o n classica l  logi c 

and Evan s e t  al. ,  1991 ,  fo r  a  mor e genera l  review ;  Chate r  & 

Oaksford ,  1993 ,  conside r  th e suitabilit y o f  traditiona l 

deductiv e model s o f  reasonin g i n mor e genera l  terms) . 

Recentl y anothe r  vie w o f  rationalit y ha s bee n suggested , 

formulate d independentl y o f  a n adherenc e t o an y particula r 

rul e system .  Anderso n (Anderson ,  1990 ,  1991a ,  1991b ;  se e 

als o Stich ,  1990 )  ha s argue d tha t  a n organis m i s rationa l  t o 

th e exten t  tha t  i t  i s  optimall y adapte d t o th e environment .  A n 

accoun t  o f  rationalit y alon g suc h line s require s t o specif y th e 

natur e o f  th e problem s a n organis m i s bein g face d wit h i n it s 

struggl e fo r  survival ,  s o tha t  it s behavio r  ca n b e applaude d 

as rationa l  (o r  dismissed )  t o th e exten t  tha t  thes e problem s 

ar e bein g overcom e o r  not .  A  proble m c o m m o n t o al l  livin g 

creature s i s tha t  o f  identifyin g th e underlyin g regularitie s i n 

a nois y input ;  tha t  i s  th e proces s throug h whic h i n a  se t  o f 
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instance s thei r  c o m m o n characteristic s ar e identified ,  whil e 

irrelevan t  individua l  difference s ar e discarded . 

For  instance ,  i n th e domai n o f  lo w leve l  perception . 

Barlo w (1983 )  ha s propose d tha t  i n th e absenc e o l  an y a 

prior i  expectation s o n th e statistic s o f  th e world ,  ih e onl y 

means w e hav e i n understandin g ou r  environmen t  i s 

encodin g i t  wit h a s littl e redundanc y a s possibl e (tha t  i s 

minimizin g descriptio n length) .  Redundanc y i n a  se t  o f 

instance s refer s precisel y t o thei r  c o m m o n feature s whic h 

woul d no t  b e neede d i n describin g thes e instance s a s 

members o f  th e set .  I n othe r  words ,  th e poin t  o f  identifyin g 

suc h feature s i s t o simplif y th e representatio n o f  th e object s 

encoded .  Fo r  instance ,  Olshause n an d Fiel d (1996) : 

Minimizin g redundanc y i n an y representatio n lead s t o 

statistica l  independenc e s o tha t  th e relevan t  entitie s wil l  b e 

easie r  t o cop e wit h (a s thi s woul d enabl e th e segregatio n o f 

th e perceptua l  inpu t  int o object s tha t  have ,  generally ,  littl e i n 

common,  s o tha t  the y ca n b e processe d separately ;  se e als o 

Barlow ,  1974) . 

Turnin g t o highe r  leve l  cognitiv e functions ,  account s o f 

performanc e o n variou s reasonin g task s hav e recentl y bee n 

propose d tha t  ar e base d o n informatio n theor y (Chate r  & 

Oaksford ,  submitted ;  Oaksfor d &  Chater ,  1994) ,  suggestin g 

tha t  dat a compressio n migh t  hav e a  centra l  rol e acros s a 

wid e rang e o f  cognitiv e mechanisms . 

The abov e discussio n illustrate s tha t  rationalit y i n man y 

context s implie s a  proces s o f  minimizin g descriptio n 

lengths ,  o r  compression ,  a s suggeste d b y th e M D L 

principle' .  Consisten t  wit h th e above ,  w e wil l  presen t  a 

"rational "  mode l  o f  lo w leve l  categorization ,  i n th e sens e 

tha t  categorizatio n wil l  b e see n a s a  proces s o f  extractin g a s 

much redundanc y a s possibl e fro m a  give n domain .  Suc h a 

model  i s furthe r  suggestiv e o f  a  coheren t  vie w o f  huma n 

rationality/cognitio n throug h compression . 

Basic Categories 

Groupin g togethe r  a  se t  o f  item s unde r  th e sam e categor y 
labe l  necessaril y  involve s a  trade-of f  betwee n th e simplicit y 
of  th e categor y structure ,  an d h o w informativ e categorie s ar e 
relativ e t o thei r  member s (Komatsu ,  1992) .  I f  w e wan t  th e 
members o f  a  categor y t o shar e a s man y feature s a s possibl e 
(s o tha t  categor y instance s wil l  b e mor e homogeneous) ,  the n 
we mus t  us e man y categories ;  i n suc h a  case ,  labelin g a  ne w 
instanc e a s a  m e m b er  o f  a  categor y wil l  b e ver y informative , 
becaus e ther e wil l  instantl y b e man y feature s on e ca n 
assume fo r  thi s instance .  O n th e othe r  hand ,  thi s vie w take n 
t o th e extrem e woul d readil y reconmien d havin g a  differen t 
categor y fo r  eac h instance ,  s o tha t  th e obviou s objectiv e o f 
categorization-summarin g informatio n abou t  a  grou p o f 
instances-woul d see m t o lost .  Th e competin g pressure s 
betwee n fe w genera l  categories ,  tha t  woul d likewis e assum e 
fe w propertie s fo r  thei r  members ,  an d man y specifi c 

categories ,  which ,  however ,  wil l  b e les s useful ,  see m t o 
impl y tha t  ther e m a y b e a n optima l  leve l  i n th e 
generality/specificit y trade-of f 

Thes e intuition s hav e bee n capture d b y Rosc h an d 
Mervis' s (1975 )  concep t  o f  "basi c categories. "  I n thei r 
formulation ,  "cu e validity "  wa s define d a s th e conditiona l 
probabilit y  tha t  a n objec t  i s  i n a  category ,  give n tha t  i t  ha s 
some cu e (o r  attribute )  associate d wit h th e category .  O n th e 
assumptio n tha t  "i n th e domain s o f  bot h man-mad e an d 
biologica l  objects ,  ther e occu r  information-ric h bundle s o f 
attribute s tha t  for m natura l  discontinuities "  the y define d 
basi c categorie s a s th e categorie s "...fo r  whic h th e cu e 
validit y o f  attribute s withi n categorie s i s maximized "  (Rosc h 
& Mervis ,  1975) .  Tha t  i s basi c categorie s ar e categorie s 
whos e element s shar e th e mos t  attribute s a m o n g themselve s 
and a s fe w attribute s a s possibl e wit h member s o f  othe r 
categories .  Thus ,  accordin g t o Rosc h an d Mervis ,  i n ou r 
hierarch y o f  concepts,  wher e highe r  leve l  concept s ar e mor e 
general ,  ther e exist s a  leve l  tha t  i s  optimall y suite d fo r 
describin g ou r  environment .  Indee d empirica l  suppor t  fo r 
suc h a  clai m i s abundan t  i n th e psycholog y literature .  Fo r 
instance .  Murph y an d Smit h (1982 )  reporte d evidenc e tha t 
basi c leve l  concept s ar e easie r  t o lear n tha n eithe r  thei r 
subordinate s o r  superordinates ,  Rosc h e t  al .  (1976 )  showe d 
tha t  subject s woul d agre e th e mos t  abou t  whic h attribute s ar e 
possesse d b y th e member s o f  basi c leve l  categories ,  etc .  (se e 
Corte r  &  Gluck ,  1992 ,  fo r  a n overvie w o f  basi c categorie s 
research) . 

Our  o w n formulatio n i s aime d toward s providin g a 
criterio n t o identif y basi c categories ,  i n a  w a y consisten t 
wit h Rosc h an d Mervis' s intuitio n tha t  thes e categorie s 
ough t  t o b e optimall y descriptiv e o f  th e domain ,  neithe r  to o 
specifi c  no r  to o general . 

Classiflcation by MDL 

Th e proble m o f  identifyin g th e se t  o f  group s tha t  bes t 

captur e th e statistica l  structur e o f  th e domai n ca n b e 

redescribe d a s follows .  Suppos e w e ar e intereste d i n 

describin g a  se t  o f  ordere d relation s a m o n g n  object s (s o tha t 

we hav e n*(n-l)/ 2 relations) ,  o f  th e for m a<b ,  a<d ,  b< c 

etc.)̂ .  I f  w e wer e t o describ e eac h relatio n individuall y the n 

we woul d requir e n*(n-l)/ 2 bit s (ignorin g ties ,  fo r  eac h pai r 

of  elements,  sa y fo r  a  an d b ,  w e hav e two ,  a  prior i  equall y 

probable ,  possibilities :  eithe r  a  i s greate r  o r  b  i s greater ; 

sinc e w e hav e onl y tw o availabl e choice s eac h decisio n cost s 

on e bit) . 

I f  ther e ar e regularitie s i n th e domain ,  the n i t  m a y b e 

possibl e t o describ e i t  mor e efficientl y b y partitionin g th e 

object s int o groups ,  o r  clusters .  Suc h a  framewor k enable s 

us t o emplo y th e M D L principle :  T h e questio n o f  whethe r 

object s fal l  int o cluster s become s a  questio n o f  whethe r  a 

classificatio n o f  thes e object s woul d requir e les s cod e lengt h 

'  Moreover ,  processe s tha t  minimiz e descriptio n length s ca n 

be equivalen t  t o Bayesia n inference ,  whic h ha s a  numbe r  o f 

justification s othe r  tha n th e one s allude d t o here ;  se e Chater , 

1996 . 

^  A  descriptio n o f  th e similarit y structur e a m o n g a  se t  o f 

item s i n thi s wa y i s non-parametric ;  thi s i s a  desirabl e 

featur e fo r  an y mode l  specifie d ove r  interna l  representations , 

sinc e th e scale s i n suc h case s ar e usuall y entirel y arbitrary . 
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(i.e .  les s information) ,  compare d t o th e defaul t  choic e o f 

simpl y specifyin g al l  th e inequalitie s individually . 

Creatin g a  cluste r  i s equivalen t  t o sayin g tha t  al l  th e 

distance s withi n cluster s ar e les s tha n al l  th e distance s 

betwee n cluster s s o tha t  th e tota l  numbe r  o f  relation s tha t 

need s t o b e describe d i s reduced .  I n particular ,  sinc e w e 

note d abov e tha t  knowledg e o f  th e relatio n betwee n an y tw o 

distance s cost s on e bit ,  i f  s  constraint s ar e introduce d b y a 

set  o f  clusters ,  the n th e informatio n gai n (o r  compression )  i s 

s bits .  However ,  i n genera l  n o cluste r  wil l  b e perfect ,  s o tha t 

some o f  thes e constraint s wil l  b e wrong ,  an d als o th e 

particula r  w a y cluster s divid e u p th e dat a se t  need s t o b e 

described . 

Therefore ,  i n orde r  t o determin e th e exten t  t o whic h a 

cluste r  configuratio n i s advantageous ,  informatio n gai n 

need s t o b e balance d agains t  th e cos t  o f  specifyin g th e error s 

i n th e constraint s an d th e cos t  o f  describin g th e cluste r 

configuration .  I f  ther e ar e e  error s i n th e constraint s the n th e 

number  o f  bit s require d t o identif y the m wil l  b e 

lg( j  +  l )  +  lg('C,) > a s 'C ^  i s th e numbe r  o f  way s i n whic h 

we ca n selec t  e  object s ou t  o f  s . 

T o cod e fo r  th e clusters ,  w e first  nee d t o specif y th e 

number  an d size s o f  cluster s (o n th e assumptio n tha t  ther e 

ar e n o empt y clusters )  an d als o th e particula r  assignmen t  o f 

object s t o clusters .  Thus ,  w e nee d t o tak e int o accoun t  al l  th e 

possibl e cluste r  structures ,  an d fo r  eac h on e o f  the m al l  th e 

possibl e way s w e ca n assig n object s t o clusters .  Assumin g 

tha t  eac h suc h possibilit y  i s  equall y probable ,  i f  ther e ar e D 

of  them ,  the n thi s cod e wil l  b e log2 D bit s long ,  wher e D  i s 

give n b y V  f_i y J l Z i L (Feller ,  1970 ;  n  i s th e numbe r  o f 
t!> ^  '  (/7-v)!v ! 

node s an d r  i s  th e numbe r  o f  items ;  fo r  a  mor e extensiv e 

discussio n se e Chate r  &  Pothos ,  manuscript) . 

Sunmiin g up ,  th e compressio n associate d wit h 

transmittin g a  cluste r  solutio n instea d o f  al l  relation s 

individuall y woul d b e (al l  relations )  {  (al l  relations ) 

(constraint s -  costs )  }  o r  (constraints-costs )  s o tha t  w e have : 

Compressio n =  Constraint s Costs ,  wher e Cost s ar e give n 

by (iog(.+ i) + log(-Q)) + |:(-l)''^^^;^. 

The above framework allows one to examine the 

"goodness "  o f  cluste r  configuration s partitionin g a  domai n 

of  object s i n differen t  ways :  A  particula r  classificatio n i s 

mor e successfii l  compare d t o a n alternativ e on e t o th e exten t 

tha t  i t  lead s t o a  greate r  compression .  Figure s 1  -  4  sho w 

fou r  dat a set s an d th e optima l  cluste r  configuration s derive d 

by clusterin g algorithm s directl y optimizin g a  compressio n 

criterio n (Chate r  &  Pothos ,  manuscript) .  I n th e first  thre e 

case s th e dat a point s ar e partitione d i n th e wa y tha t  seem s t o 

reflec t  mos t  faithfull y th e structur e o f  th e domains ,  whil e i n 

th e fourt h cas e th e lo w informatio n gai n associate d wit h th e 

final  configuratio n suggest s wha t  i s intuitivel y obvious , 

namel y tha t  ther e i s ver y littl e structur e i n thi s dat a set . 

^ 

Figur e 1 :  T w o clusters .  Compression :  49 1 bit s ,  ou t  o f  a  tota l 
unprocesse d informatio n conten t  o f  th e domai n o f  99 0 bits . 

Figur e 2 :  O n e smal l  cluste r  an d a  bi g one :  Compression :  67 8 
bit s ou t  o f  148 5 bits . 

V 
\  • ; 

•  ""̂ ^̂ ^ 

\ • • I 

Figur e 3 :  Thre e clusters .  Compression :  38 3 bit s ou t  o f  990 . 
Smalle r  compressio n t o befor e indicate s tha t  a  tw o cluste r 

domai n i s a  mor e redundan t  one . 

• 

( 

1 • 

^ — • 

Figur e 4 :  Compression :  18 1 bit s ou t  o f  990 . 
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C o m p a r i s o n s w i t h h u m a n result s 

The abov e dat a set s wer e use d t o construc t  simpl e stimuli , 

varyin g alon g tw o physica l  dimensions .  I n thi s sectio n w e 

conside r  h o w th e optima l  clusterin g solution s suggeste d b y 

our  framewor k compar e wit h th e wa y huma n participant s 

woul d classif y thes e stimuli .  Not e tha t  w e assum e tha t  th e 

physica l  dimension s o f  th e stimul i  directl y m a p ont o th e 

dimension s o f  som e interna l  representatio n o f  thes e item s 

(e.g. ,  se e Shepard ,  1987 ;  Shi n &  Nosofsky ,  1992) ;  thi s 

woul d appea r  a  reasonabl e approximatio n sinc e th e stimul i 

wer e simpl e enoug h t o preclud e th e possibilit y  o f 

participant s selectivel y encodin g the m ove r  som e subspac e 

of  th e relevan t  dimensions . 

Materials 

Star s wer e constructe d s o tha t  thei r  inne r  diameter s 
corresponde d t o th e vertica l  dimensio n o f  th e dat a set s i n th e 
previou s section ,  whil e thei r  oute r  diameter s corresponde d 
t o th e horizonta l  dimension .  Thus ,  eac h dat a poin t  specifie d 
an inne r  an d oute r  sta r  an d thes e wer e blende d together ,  t o 
emphasiz e th e impressio n o f  a n individua l  entity ,  a s show n 
i n Figur e 5 .  Th e oute r  diamete r  o n eac h sta r  coul d ver y fi-o m 
1 0 8 mm t o 1 9 8 m m,  whil e th e inne r  diamete r  from  1 0 m m t o 
100mm.  Al l  star s wer e printe d o n A 4 sheet s o f  pape r  i n 
blac k an d ink . 

Figur e 5 :  A n exampl e o f  th e stimul i  constructe d fro m th e 
dat a set s presente d above . 

of  performanc e w e wer e intereste d i n a s obviou s a s possible . 

Thi s procedur e ha s bee n motivate d fro m th e finding  tha t 

quit e ofte n a  pragmati c contex t  i n a  reasonin g proble m 

improve s performanc e (Chen g &  Holyoak ,  1985) . 

We teste d 2 8 individual s i n eac h conditions ,  i n a  between -

subject s design .  Th e experimen t  laste d fo r  approximatel y 1 0 

minutes . 

Results 

We wer e intereste d i n identifyin g information-theoreti c 

parameter s tha t  woul d b e predictiv e o f  participants ' 

classificatio n results .  T h e genera l  hypothesi s i s tha t  basic -

leve l  categorizatio n processe s aim ,  t o a  certai n extent ,  t o 

represen t  a  domai n wit h a s littl e redundanc y a s possible . 

Therefore ,  insofa r  tha t  ther e i s structur e i n a  domain , 

classificatio n woul d ai m t o fles h ou t  thi s structur e a s m u c h 

as possible ,  and ,  alternatively ,  h o w readil y structur e i s 

perceive d i n a  domai n shoul d b e a  functio n o f  th e degre e t o 

whic h thi s domai n ca n b e compressed . 

We first  teste d th e hypothesi s tha t  som e particula r  cluste r 

structur e wa s preferred ,  agains t  th e nul l  hypothesi s tha t  the y 

wer e al l  equall y likely .  W e therefor e calculate d fo r  eac h dat a 

set  th e numbe r  o f  differen t  solution s participant s produced , 

t o deriv e a n expecte d chanc e frequency  fo r  eac h solutio n 

throug h th e rati o (tota l  numbe r  o f  solutions )  /  (numbe r  o f 

distinc t  solutions) .  Not e tha t  thi s i s a n extremel y 

conservativ e measur e o f  chanc e frequencie s a s th e numbe r 

of  uniqu e solution s produce d wa s m u c h les s tha n th e tota l 

possibl e numbe r  o f  solutions . 

A singl e sampl e chi-squar e tes t  wa s the n use d t o examin e 

th e deviatio n o f  th e frequenc y o f  an y on e give n solutio n 

fro m wha t  woul d b e expecte d b y chance .  I n conditio n 1 

(simpl e instructions) ,  i n dat a set s 1 ,  an d 2  th e partition s tha t 

wer e significantl y mor e frequen t  tha n chanc e wer e th e bes t 

compressio n one s (fo r  th e tw o dat a set s respectively :  x ^  ( 0 
= 28.3 ,  127.1 ;  i n al l  case s p<.001) .  I n conditio n 2 ,  tha t  wa s 

th e cas e fo r  dat a set s I ,  2 ,  an d 3  (al l  p-value s les s tha n .01) . 

Ther e seeme d t o b e n o preferenc e fo r  an y particula r 

classificatio n fo r  th e fourt h dat a se t  i n bot h cases .  Th e 

frequencies  wit h whic h th e bes t  compressio n solution s wer e 

produce d fo r  eac h patter n i s show n i n Figur e 6 . 

Procedur e 

Participant s receive d i n successio n (orde r  randomize d fo r 

eac h person )  set s o f  star s correspondin g t o th e dat a set s i n 

Figure s 1  -  4  an d wer e simpl y aske d t o partitio n th e star s i n 

groups .  I n th e first  condition ,  the y wer e onl y tol d t o divid e 

th e item s i n a  wa y tha t  seeme d "natura l  an d intuitive "  an d 

tha t  ther e wa s n o limi t  t o h o w man y group s the y coul d use , 

but  tha t  the y shoul d no t  us e mor e tha n wha t  woul d thin k i s 

necessary .  I n th e secon d condition ,  w e presente d th e 

classificatio n proble m i n a  realisti c contex t  (star s wer e 

meant  t o b e maile d t o customers )  an d provide d extensiv e 

instruction s (an d visua l  aids )  tha t  m a d e th e particula r  aspect s 
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Figur e 6 :  N u m b e r  o f  time s th e "bes t  compression "  solutio n 

was foun d i n conditio n 1  (neutra l  instructions )  an d conditio n 

2 (extensiv e instructions) . 

We then looked at the extent to which the total 
compressio n possibl e wit h a  dat a se t  wa s i n an y wa y 
predictiv e o f  th e difficult y involve d i n partitionin g th e dat a 
set  int o differen t  groups .  W e reasone d tha t  dat a set s whic h 
wer e associate d wit h a  hig h possibl e compressio n shoul d b e 
easie r  t o partition ,  whic h woul d lea d t o les s betwee n 
participan t  variability .  Figur e 7  show s th e numbe r  o f 
differen t  solution s tha t  wer e produce d wit h frequencie s 
greate r  tha n on e fo r  th e fou r  dat a sets ,  i n eac h condition . 
Wit h th e simpl e instructions ,  fo r  th e firs t  tw o dat a sets ,  onl y 
thre e solution s wer e produce d mor e ofte n tha n once ,  whil e 
wit h th e othe r  dat a sets ,  participant s woul d b e a  lo t  les s 
likel y t o agre e o n th e optima l  wa y t o partitio n th e domains . 
Wit h th e extensiv e instruction s thes e result s wer e replicated , 
and als o littl e variabilit y  wa s observe d wit h th e thir d dat a se t 
as well . 
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F i g u r e 7 :  Var iab i l i t y  i n par t ic ipants '  so lu t ion s fo r  th e 

condition s wit h neutra l  an d extensiv e instructions . 

Thus ,  bot h ou r  mai n expectation s wer e confirmed : 

Participant s classifie d th e item s i n eac h o f  th e dat a se t  i n 

way s o tha t  th e bes t  compressio n classification s wer e indee d 

mor e likel y t o b e produced .  Also ,  th e exten t  t o whic h a 

patter n coul d b e compresse d wa s a  measur e o f  h o w 

"difficult "  th e classificatio n proble m was ,  since ,  i n general , 

ther e wa s mor e (between-subject )  solutio n variabilit y  i n th e 

case s o f  lowe r  (possible )  m a x i m u m compression . 

Instruction s als o helpe d participant s "solve "  th e 

classificatio n proble m i n dat a se t  3 ,  a s i s manifes t  bot h b y a 

decreas e variabilit y  i n uniqu e solution s produced ,  an d a n 

associate d increas e i n th e numbe r  o f  time s th e bes t 

compressio n solutio n wa s identified .  Eve n wit h th e simpl e 

instructions ,  however ,  i n dat a se t  3 ,  participants '  response s 

reflec t  som e selectiv e bia s t o th e bes t  compressio n solution'' . 

Conclusions and future directions 

We hav e presente d a  mode l  o f  basic-leve l  categorizatio n 

(Rosc h an d Mervis ,  1975 )  base d o n th e M D L principle . 

Althoug h w e hav e no t  specifie d th e algorithmi c detail s i n 

thi s wor k (se e Chate r  an d Pothos ,  manuscript) ,  th e mode l 

wil l  partitio n a  se t  o f  item s i n suc h a  wa y s o tha t  th e 

(information-theoretic )  descriptio n o f  th e similarit y structur e 

of  thes e item s wil l  b e maximall y compressed . 

Th e mai n prediction s o f  ou r  mode l  wer e tha t  peopl e 

classifyin g meaningles s item s woul d generall y prefe r  th e 

"bes t  compression "  classification s an d als o tha t  th e 

difficult y o f  a  classificatio n situatio n woul d depen d o n h o w 

m u ch compressio n i s (theoretically )  possibl e i n eac h case . 

Thes e prediction s wer e generall y confirme d i n tw o 

experiments ,  wher e th e variabl e manipulate d wa s 

thoroughnes s o f  instrucfions .  I n th e cas e o f  extensiv e 

instructions ,  performanc e wa s improve d i n on e o f  th e dat a 

sets . 

Th e majo r  confoundin g o f  th e presen t  wor k i s tha t  th e 

representatio n o f  th e item s use d wa s base d o n a n 

experimenter-define d descriptio n o f  th e items .  W e argue d 

tha t  wit h simple ,  meaningles s stimul i  thi s i s no t  a  problem ; 

nevertheless ,  ther e i s alway s th e possibilit y  o f  differen t 

individual s encodin g th e similarit y structur e i n differen t 

ways .  Thus ,  i n additiona l  wor k w e ai m t o directl y appl y ou r 

framewor k o n representation s o f  th e item s derive d directl y 

fro m confusabilit y  experiment s (Shepard ,  1987) . 

Anothe r  ai m i s t o exten t  th e presen t  framewor k t o describ e 

hierarchica l  categor y structures ,  wher e th e constraint s o f  lo w 

leve l  categorie s woul d b e preserve d i f  the y offe r  a n 

information-theoreti c advantage .  Thi s woul d hav e th e 

advantag e o f  enablin g u s t o describ e huma n categorizatio n 

'  Lookin g simpl y a t  h o w m a n y differen t  solution s wer e 

produce d wit h eac h dat a se t  i s  no t  ver y useful ,  sinc e ther e i s 

considerabl e noise ;  thi s i s t o b e expecte d wit h smal l 

sample s considerin g th e unconstraine d natur e o f  th e task . 

"  Ran d similaritie s (Rand ,  1971 ;  Milliga n &  Cooper ,  1986 ) 

of  al l  solution s produced ,  t o th e bes t  compressio n solutio n 

and th e mos t  popula r  solution ,  wer e compare d an d i t  wa s 

foun d tha t  a  give n solutio n wa s mor e likel y t o b e mor e 

simila r  t o th e bes t  compressio n on e tha n t o th e mos t  popula r 

one . 
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more generally ,  withou t  restrictin g ourselve s t o basi c 

categorie s only . 
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