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T h e "Rat iona l "  N u m b e r  e : 

A Funct iona l  Analysi s o f  Categorizatio n 

Angel Cabrera 
School  o f  Psycholog y 

Georgi a Institut e o f  Technolog y 
AUanta .  G A 30332-017 0 
phone :  (404 )  85 3 019 2 

a n g e l 9 p s y . g a t e c h . e d u 

Abstrac t 

Category formation is constrained by three factors: the 
perceptua l  structur e o f  th e domai n bein g categorized ,  th e 
limitation s an d biase s o f  th e learner ,  an d th e goal s tha t 
trigge r  th e learnin g proces s i n th e firs t  place .  Man y 
studie s o f  categorizatio n hav e pai d attentio n t o th e effect s 
of  th e structur e o f  th e worl d an d som e t o th e biase s du e t o 
th e learner' s prio r  knowledge .  Thi s pape r  explore s th e 
thir d factor :  ho w th e goal s o f  th e agen t  a t  th e tim e o f  th e 
learnin g episod e affec t  wha t  categorie s ar e formed .  I n 
particula r  i t  present s a n informatio n theoretica l  accoun t 
tha t  view s categorie s a s a  mean s t o increas e th e agent' s 
chance s o f  achievin g it s goals .  On e o f  th e prediction s o f 
th e theor y i s tha t  informatio n gain ,  th e averag e reductio n 
of  uncertaint y induce d b y a  category ,  i s  maximize d whe n 
th e domai n i s  partitione d int o abou t  3  categories ,  th e 
closes t  intege r  t o th e irrationa l  numbe r  e .  Thi s predictio n 
i s confirme d b y evidenc e derive d from  anthropologica l 
studie s o f  fol k classification s o f  anima l  an d plant s b y 
differen t  societie s fro m aroun d th e world ,  an d als o b y a n 
informa l  observatio n o f  th e behavio r  o f  cognitiv e 
scientists .  Interestingly ,  e  als o emerge s fro m 
optimizatio n analyse s o f  memor y searc h a s wel l  a s from 
experimenta l  wor k o n memor y retrieval . 

Introduction 

"My problem," George Miller admitted in his magical 1956 
paper ,  "i s tha t  I  hav e bee n persecute d b y a n integer. "  M y 
proble m i s  eve n worse .  I  hav e bee n persecute d b y a n 
irrationa l  number .  Th e numbe r  e ,  bas e o f  th e natura l 
logarithms ,  m a d e it s ftrst  apparitio n a s I  wa s developin g a 
functiona l  analysi s o f  categorization .  Soo n after ,  I  foun d 
that ,  fa r  fro m bein g a n isolate d event ,  th e numbe r  e  ha d als o 
appeared ,  i n n o disguise ,  i n othe r  theoretica l  an d empirica l 
area s o f  psychology .  No t  wantin g t o dra w prematur e 
conclusion s fro m thi s precis e coincidence ,  I  looke d a t  dat a 
obtaine d i n anthropologica l  studie s o f  biologica l  fol k 
classificatio n and ,  imagin e that ,  ther e wa s e  again .  A t  thi s 
poin t  i t  ha s becom e to o har d fo r  m e no t  t o thin k o f  som e 
underlyin g patter n behin d thes e occurrences .  Eithe r  I  a m 
sufferin g fro m Miller' s syndrom e o r  thi s coincidenc e i s 
actuall y tellin g u s something .  I  hav e decide d tha t 
submittin g m y symptom s fo r  publi c scrutin y m a y b e th e 
onl y w a y t o solv e thi s dilemma .  S o b e it . 

T h r e e factor s constrainin g categor y acquisitio n 

Category fwmation is affected by the structtire of the stimuli 
bein g categorized ,  th e agent' s limitation s an d biases ,  an d th e 
goal s leadin g th e agen t  t o for m th e categories .  Th e effec t  o f 
th e structur e o f  th e worl d o n huma n categorie s ha s receive d 
extensiv e theoretica l  an d empirica l  attention .  Featur e 
matchin g (Rosc h &  Mervis .  1975 ;  Tversky ,  1977) , 
similarit y t o exemplar s (Medi n &  Schaffer ,  1978 ;  Nosofsky , 
1984) ,  correlation s a m o n g feature s (Bilhnan ,  1989) ,  an d 
inter-featur e predictabilit y  (Anderson ,  1990 ;  Corte r  &  Gluck , 
1992 )  ar e som e o f  th e characteristic s o f  th e inpu t  tha t  hav e 
bee n show n t o constrai n th e proces s o f  categor y formatio n 
and ,  consequently ,  determin e whic h categorie s ar e mos t 
likel y t o b e acquired .  Th e biase s o f  th e learne r  (Keil ,  1990 ) 
ca n b e th e resul t  o f  innate ,  wired-i n preference s (e.g .  Spelke , 
1990 )  o r  the y ca n b e impose d b y differen t  kind s o f  prio r 
knowledg e suc h a s imphci t  domai n theorie s (Pazzani ,  1991 ) 
or  eve n th e languag e spoke n b y th e learne r  (Cabrer a & 
Bilhnan ,  i n press) .  Finally ,  categorie s ar e als o affecte d b y 
th e goal s o f  th e agent .  Peopl e ca n buil d categorie s i n th e 
servic e o f  specifi c  goal s eve n whe n th e categor y member s 
hav e httl e i n c o m m o n perceptuall y (Barsalou ,  1983) . 

Thes e thre e factor s ar e jointl y responsibl e fo r  wha t 
categorie s en d u p bein g forme d an d h o w easil y the y ar e 
formed .  The y ca n b e see n a s thre e force s tha t  pus h th e 
proces s o f  categor y formatio n i n differen t  direction s unti l 
some equiUbriu m i s reached .  Althoug h ther e m a y wel l  b e 
case s wher e on e particula r  facto r  become s predominant ,  i n 
general ,  constraint s o f  th e thre e kind s wil l  hav e a n effec t  o n 
th e resultin g categories . 

The functional view 

The functional view of categories is an attempt to isolate the 
constraint s impose d b y th e goal s o f  th e learne r  o n categor y 
formatio n (Cabrera ,  1994) .  I t  i s  base d o n th e ide a tha t 
categorie s ar e forme d b y a n agen t  i n orde r  t o increas e it s 
chance s o f  achievin g som e goal .  Imagin e a  perso n i n a 
certai n contex t  w h o i s tryin g t o decid e whic h actio n a j  t o 

perfor m ou t  o f  a  rang e o f  n  possibl e actions .  A  possibl e 

strateg y tha t  th e perso n coul d us e t o optimiz e hi s choice s 
woul d consis t  o f  usin g hi s prio r  experienc e i n thi s situatio n 
t o estimat e th e probabilitie s o f  succes s o f  eac h action , 
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?(«,) .  Th e perso n coul d the n distribut e hi s choice s 

proportionall y t o th e probabilitie s o f  succes s o f  eac h actio n 

or  simpl y perfor m th e actio n wit h th e highes t  probability' . 
Ther e i s n o questio n tha t  th e knowledg e o f  thes e 
probabilitie s wil l  b e beneficia l  t o th e agent .  However ,  ther e 
i s n o guarante e tha t  th e selecte d actio n wil l  i n fac t  b e th e 
righ t  choice .  I n informatio n theory ,  thi s situatio n i s 
describe d i n term s o f  uncertainty ,  a  measur e o f  th e amoun t 

of  additiona l  informatio n th e perso n woul d nee d i n orde r  t o 
be certai n o f  choosin g th e righ t  action . 

Uncertaint y ca n b e compute d mathematicall y accordin g t o 
th e expressio n 

-Y,P(ai\Cj) log2P(ai\Cj ) (2 ) 

- £P (a , ) l og2P(a i ) (1 ) 
j= l 

whos e resul t  i s  give n i n bits ,  th e standar d uni t  o f 

information .  Uncertaint y i s m a x i m u m w h e n th e 
probabilitie s P(a,' )  ar e uniforml y distributed ,  an d zer o whe n 

one o f  th e probabilitie s i s 1  an d th e res t  ar e 0 .  Thi s i s 
consisten t  wit h th e intuitio n tha t  i f  th e perso n kne w tha t 
ther e wa s onl y on e successfu l  choice ,  h e woul d nee d n o 
additiona l  informatio n t o behav e optimally ,  wherea s i f  al l 
th e alternative s appeare d equall y goo d th e perso n woul d nee d 
some additiona l  informatio n befor e bein g abl e t o mak e a 
decen t  choice . 

Suppos e n o w tha t  ther e i s a  relationshi p betwee n som e 
variabl e aspec t  o f  th e environmen t  an d th e probabilit y  o f 
eac h o f  th e action s bein g helpfu l  fo r  th e person' s goals .  Le t 
us refe r  t o th e differen t  form s tha t  tha t  aspec t  o f  th e 
environmen t  coul d tak e a s stimuli ,  an d t o th e se t  o f  al l 

stimuli ,  a s th e doma in .  I f  th e perso n kne w th e exac t 

relationshi p betwee n ever y possibl e stimulu s an d th e 
IM-obabilit y  o f  succes s o f  eac h action ,  hi s chance s o f  succes s 
coul d increas e considerably .  I n practic e however ,  th e larg e 
(generall y infinite )  siz e o f  th e domai n i s likel y t o preclud e 
th e perso n fro m bein g abl e t o experienc e ever y stimulu s a t 
leas t  onc e durin g hi s lifetime .  Eve n i f  thi s wer e possible , 
th e person' s memor y migh t  no t  b e larg e enoug h t o stor e al l 
tha t  information . 

A les s idea l  bu t  mor e feasibl e strateg y woul d consis t  o f 
partitionin g th e domai n int o a  se t  o f  m categorie s o f 
stimuli ,  C j  ,  an d estimatin g th e probabilitie s o f  succes s o f 

eac h actio n give n stimul i  fro m eac h o f  th e categories , 
/'(a,IC,) .  Thi s strateg y m a y no t  completel y eliminat e th e 

person' s uncertainty ,  bu t  i t  ha s th e doubl e advantag e o f 
reducin g th e storag e requirement s t o a  fe w set s o f 
probabilitie s (on e se t  pe r  category) ,  a s wel l  a s t o allo w th e 
perso n t o produc e informe d guesse s fc» -  stimul i  neve r 
experience d befor e i f  categor y membershi p ca n b e determine d 
on th e basi s o f  som e perceptua l  characteristic .  Th e 
remainin g uncertaint y no t  capture d b y thes e conditiona l 
probabilitie s ca n b e quantifie d a s 

^For  th e purpose s o f  th e analyse s presente d her e i t  doe s no t 
matte r  wha t  exac t  strateg y (probabilit y  maximizing , 
probabilit y  matching ,  etc )  th e agen t  uses . 

/= ! 

I f  fo r  eac h category ,  onl y on e o f  th e conditiona l 
probabilitie s wer e no n zer o —i n othe r  words ,  i f  categor y 
membershi p reduced  th e choice s t o o n e -  uncertaint y woul d 
be eliminated .  I n general ,  eve n whe n thing s ar e no t  tha t 
ideal ,  uncertaint y wil l  nevertheles s b e reduce d whenevo -  th e 
conditiona l  probabilitie s P(a,ICy )  ar e les s uniforml y 

distribute d tha n th e prio r  probabilitie s P(a, ) .  I n othe r 

words ,  th e categorie s wil l  b e helpfu l  t o th e agen t  i f  th e 
probabilitie s o f  succes s o f  th e differen t  action s withi n eac h 
categor y ar e mor e unequa l  tha n the y ar e acros s th e entir e 
doaiaxa . 

By combinin g th e expression s fo r  uncertaint y prio r  t o th e 
formatio n o f  th e categorie s (Equatio n 1 )  an d conditiona l 
upo n th e categorie s (Equatio n 2) ,  w e ca n estimat e th e 
informatio n gai n (IG )  associate d wit h a  categor y C j  a s th e 

averag e reductio n i n uncertaint y induce d b y tha t  category . 
Give n PiCj) ,  th e relativ e frequenc y o f  occurrenc e o f  th e 

category ,  infcxmatio n gai n i s simply^ : 

IG(Cj )  = 

n }  (3 ) 
P(Cj)'^[P{ai\Cj)log 2 P(ai\Cj)-P{ai)log 2 /»(«, ) 

1=1 

Maximizing information gain 

The central hypothesis underlying the functional view of 
categorie s (Cabrera ,  1994 )  i s tha t  learner s wil l  alway s tr y t o 
maximiz e th e informatio n gai n o f  th e categorie s the y fcMm , 
withi n th e constraints ,  o f  course ,  o f  th e world' s structur e an d 
th e learner' s limitations .  I n orde r  t o isolat e th e 
consequence s o f  thi s functiona l  constraint ,  w e first  nee d t o 
make som e simplifyin g assumption s tha t  kee p th e othe r 
constraint s constant .  W e wil l  assume ,  fo r  instance ,  tha t  th e 
structur e o f  th e worl d i s suc h tha t  an y possibl e categor y i s 
equall y salien t  perceptually ,  tha t  stimul i  ar e uniforml y 
distributed ,  an d tha t  th e probabilitie s o f  succes s o f  th e 
differen t  action s ar e uniforml y distributed .  Thes e 
assumption s ar e no t  intende d t o b e representativ e o f  an y rea l 
situatio n i n particular :  the y simpl y tr y t o isolat e th e effect s 
of  th e informatio n maximizin g bias . 

Let  u s assum e a  wors t  cas e initia l  scenari o o f  m a x i m u m 
uncertainty .  I n othe r  words ,  le t  u s assum e that ,  i n th e 
absenc e o f  an y knowledg e abou t  th e environment ,  al l  action s 
ar e equall y likel y t o b e usefu l  t o th e agent .  I f  n  i s th e 
number  o f  possibl e action s ai ,  thi s assumptio n amount s t o 

saying that P(ai) = — for all ai. According to Equation 1 
n 

^Tbi s expressio n i s identica l  i n for m t o a  measur e o f  categor y 
utilit y  propose d b y Corte r  an d Gluc k (1992) .  However ,  wherea s 
Corte r  an d Gluck' s measur e wa s mean t  t o captur e inter-featur e 
predictability ,  informatio n gai n i s define d wit h respec t  t o th e 
agent' s goal s an d actions ,  an d i s independen t  o f  th e perceptua l 
structur e o f  th e categories . 
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th e tota l  uncertaint y i n a  situatio n lik e thi s wil l  b e log 2 n . 

As w e coul d expect ,  uncertaint y increase s monotonicall y 
wit h th e numbe r  o f  alternatives . 

Let  u s furthe r  assum e tha t  th e agen t  partition s th e domai n 
int o m contrastin g categorie s tha t  reduc e uncertaint y 
uniforml y an d maximally .  Thi s assumptio n ha s thre e 
implications .  First ,  i t  implie s tha t  eac h categor y wil l  reduc e 
th e choice s fro m n  initia l  action s t o i t  ̂  n .  Second ,  onc e a 
categor y C j  ha s bee n determined ,  th e remainin g ; t  action s 

wil l  hav e equa l  conditiona l  probabilitie s o f  succes s 

Piai\Cj) = — whereas the rest n-k actions will have a 

conditional probability P(a,ICy) = 0. In information 

terms ,  thi s mean s tha t  uncertaint y wil l  b e reduce d fro m 
log2 n t o log2* .  Third ,  al l  categorie s mus t  b e equall y 

likely to occur: P(C;) = —. 
•'  m 

Let  u s conside r  th e cas e wher e m < n (fewe r  categorie s 
tha n actions) .  Fo r  th e unifor m uncertaint y reductio n 
assumptio n t o hold ,  k  mus t  equa l  n/m .  Fo r  example ,  i f  th e 
agen t  ha s t o decid e amon g 8  possibl e action s bu t  onl y form s 
4 categories ,  uncertaint y reductio n wil l  b e maximize d i f  eac h 
of  th e categorie s reduce s th e choice s t o 2  actions .  Fro m 
Equatio n 3 ,  w e ca n sho w tha t  th e averag e reductio n o f 
uncertaint y i n thi s cas e wil l  be : 

/G(C, )  =  l ( log2n- log2- t )  =  i2g2i ^ (4 ) 

I G =  log2(m)/ m 

Figur e 1 .  Informatio n gai n a s a  functio n o f  numbe r  o f 
contrastin g categorie s ( m <  n) . 

whic h happen s t o occu r  & i  m =  e  (2.71828...) .  Sinc e th e 
number  o f  categorie s mus t  b e a  positiv e integer ,  th e actua l 
m a x i m u m i s m =  3  (wit h a n averag e informatio n gai n o f  .S 3 
bits )  followe d ver y closel y b y m =  2  (. 5 bits )  an d m =  4  (. 5 
bits) . 

I n th e cas e wher e m ^  n ,  th e assumptio n o f  unifor m 
reduction  o f  uncertaint y requires  tha t  eac h categor y reduce  th e 
alternativ e action s t o on e ( k =  1) .  Thi s translate s int o a 
reduction  o f  uncertaint y fro m lo g 2  n  t o zero ,  an d therefore : 

/G(C; )  =  l ( l o g 2 n - 0 )  =  i2£ l £ (5 ) 

For  an y give n numbe r  o f  alternativ e action s n , 
informatio n gai n decrease s byperbolicall y wit h th e numbe r 
of  categorie s m .  Sinc e m k  n ,  informatio n gai n wil l  b e 
m a x i m u m whe n m =  n .  Havin g mor e categorie s tha n 
alternativ e action s provide s n o additiona l  reductio n o f 
uncertaint y beyon d tha t  obtaine d wit h onl y on e categor y pe r 
action .  Instead ,  ever y additiona l  categor y induce s a  cos t  dia t 
i s  reflecte d o n a n overal l  lowe r  probabilit y  o f  occurrenc e o f 
eac h individua l  category . 

n=2 n=3 n=4 M  n= 5 

Figur e 4 .  Informatio n gai n fo r  tw o t o fou r  action s an d on e 
t o te n categories . 

Surprisingly ,  thi s expressio n doe s no t  depen d o n th e tota l 
number  o f  actions :  i t  onl y depend s o n th e numbe r  o f 
categories .  Th e shap e o f  thi s functio n i s show n i n Figur e 1 . 
I t  i s  0  fo r  m =  1 ,  -obviously ,  havin g onl y on e categor y tha t 
include s th e whol e domai n doe s no t  reduc e uncertaint y a t  all -
-,  i t  peak s a t  m =  3  an d the n decrease s monotonicall y wit h 
m.  Th e exac t  locatio n o f  th e m a x i m u m o f  thi s functio n ca n 

be obtained as the zero of its derivative. 

Figur e 4  show s th e averag e informatio n gai n fo r  n  =  2  t o 
5 action s an d m =  1  t o 1 0 categories .  Fo r  eac h n , 
informatio n gai n wa s compute d accordin g t o Equatio n 4  fo r 
value s o f  m <  n  an d accordin g t o Equatio n 5  fo r  m >  n . 
Notic e ho w I G doe s no t  var y wit h n  whe n m ^  n ,  bu t  i t 
doe s s o (decreasingly )  fo r  large r  m's .  Also ,  wit h th e 
exceptio n o f  n  =  2 ,  informatio n gai n i s m a x i m u m fo r  m =  3 
independentl y o f  n . 

ta2 m 
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E m p i r i c a l  s u p p o r t 

The previous analyses show that, if the prior probabilities of 
succes s ar e unifcMnil y distribute d acros s actions ,  an d i f 
categorie s ar e forme d whic h reduce  uncertaint y unifonnly , 
averag e functiona l  utilit y  i s  optimize d whe n th e domai n i s 
spli t  int o e ,  tha t  is ,  abou t  3 ,  contrastin g categories .  Bu t  w e 
kno w tha t  clear-cu t  categorie s lik e thes e ten d t o b e th e 
exceptio n rathe r  tha n th e nor m (Smit h &  Medin ,  1981 )  an d 
we als o hav e n o reaso n t o expec t  tha t  succes s probabilitie s 
wil l  actuall y b e distribute d uniforml y i n rea l  situations . 
Does thi s invalidat e th e conclusion ? No t  necessarily .  Th e 
assumption s ar e mad e t o isolat e functiona l  constraint s b y 
settin g u p idea l  situation s fro m th e poin t  o f  vie w o f 
functiona l  utility .  I n ever y particula r  situation ,  wori d 
structur e a s wel l  a s individua l  biase s wil l  moderat e th e 
effect s o f  functiona l  constraint s an d wil l  therefor e determin e 
whethe r  th e categorie s tha t  woul d b e optima l  fro m th e poin t 
of  vie w o f  th e agent' s goal s ar e actuall y formed . 

Accordin g t o Anderson' s Genera l  Principl e o f  Rationalit y 
(1990 ,  p.28) ,  i f  havin g thre e categorie s i s optima l  fo r  th e 
individual' s adaptatio n t o th e environment ,  w e shoul d expec t 
th e huma n cognitiv e syste m t o hav e develope d (philo -  o r 
ontogeneticaily )  a  tendenc y t o organiz e knowledg e i n set s o f 
abou t  thre e contrastin g categories .  T o tes t  thi s predictio n I 
turne d t o anthropologica l  research .  Etbnobiolog y i s th e 
branc h o f  anthropolog y devote d t o th e stud y o f  h o w huma n 
societie s vie w an d us e natur e (Berlin ,  1992) .  A  grea t  dea l  o f 

ethnobiologica l  researc h ha s compare d h o w differen t 
societie s classif y th e plant s an d animal s i n thei r  natura l 
environment s an d h o w thos e classification s relat e t o th e 
taxonomie s buil t  b y wester n scientists . 

Ther e i s evidenc e suggestin g tha t  basi c leve l  categorie s o f 
animal s an d plant s m a y b e determine d b y perceptua l 
structure ,  wherea s subordinat e an d superordinat e categorie s 
ten d t o b e forme d t o fulfil l  specifi c  cultura l  need s (Malt , 
1994 ;  Berlin ,  1978) .  I f  thi s i s right,  th e functiona l  analysi s 
presente d her e woul d predic t  subordinat e categorie s t o 
partitio n basi c categorie s int o set s o f  aroun d 3  contrastin g 
categorie s an d superordinat e categorie s t o grou p set s o f 
aroun d 3  contrastin g basi c categories .  W e shoul d therefor e 
expec t  fol k taxonomie s t o b e organize d a t  differen t  level s o f 
abstractio n i n contrastin g set s o f  abou t  3  categorie s o n 
average . 

I t  turn s ou t  tha t  " a genera l  principl e o f  ethnobiologica l 
classificatio n i s tha t  fol k specie s mos t  conunonl y occu r  i n 
contras t  set s o f  fe w (tw o o r  three )  m e m b w s "  (Berlin ,  1992 , 
p.  122) .  Tabl e 1  summarize s dat a reporte d b y Berii n (1992 , 
p.  126-128 )  o n th e frequenc y distributio n o f  contras t  set s 
wit h tw o o r  mor e categorie s i n differen t  biologica l 
taxonomie s use d b y severa l  linguisticall y unrelate d 
traditiona l  societie s accordin g t o detaile d ethnobiologica l 
inventoie s develope d b y himsel f  an d others .  I  hav e adde d i n 
th e las t  tw o column s th e m e a n an d media n o f  th e 
distribution s o f  categor y se t  size s correspondin g t o eac h 
classificatio n system .  Overall ,  th e averag e numbe r  o f 
contrastin g categorie s wa s 2.982 . 

Tabl e 1 .  Frequenc y distributio n o f  biologica l  categor y set s o f  differen t  sizes . 

Classificatio n Syste m 

Tzelta l  plant s (Mexico ) 

Aguanin a plant s (Peru ) 

Wayampf  plant s (Frenc h Guyana ) 

Hanun6 o plant s (Philippines ) 

Tobel o plant s (Indonesia ) 

Ser i  plant s (Mexico ) 

Tobel o animal s (Indonesia ) 

Tzelta l  animal s (Mexico ) 

Wayampf  animal s (F .  Guyana ) 

Huambis a bird s (Peru ) 

Huambis a fish  (Peru ) 

Aguanin a mammal s (Peru ) 

Cantones e fish  (China ) 

*Cofi .  Sci .  concept s (Int'l. ) 

2 

41 

68 

47 

224 

142 

32 

46 

25 

55 

36 

8 

9 

6 

21 

3 

16 

12 

13 

53 

13 

7 

20 

18 

22 

9 

4 

3 

7 

22 

4 

2 

9 

4 

15 

22 

8 

9 

5 

14 

2 

1 

4 

5 

8 

5 

5 

2 

2 

9 

7 

3 

2 

3 

5 

0 

2 

1 

3 

10 

6 

5 

3 

3 

5 

3 

3 

1 

2 

1 

0 

2 

0 

1 

4 

>7 

5 

9 

7 

16 

12 

1 

4 

1 

3 

0 

1 

0 

9 

4 

M e an 

3.12 3 

2.90 3 

2.97 4 

2.61 2 

2.75 4 

2.90 7 

2.83 0 

2.92 6 

2.84 0 

2.27 8 

3.38 9 

2.82 4 

4.41 0 

3.77 0 

Media n 

2 

2 

2 

2 

2 

2 

2 

3 

3 

2 

3 

2 

4 

3 
N O T E:  Followin g Berlin' s o v ^  concern s abou t  th e origi n o f  th e dat a fro m N d u m b a plant s (mea n =  4.800 )  an d animal s 

(3.733) ,  I  hav e exclude d the m fro m m y analyse s (1992 ,  p .  283) .  *Th e "Cognitiv e Scienc e concepts "  dat a com e fro m a n 
informa l  inventor y o f  numbere d an d alphabetize d list s i n th e 199 4 volum e o f  th e "Cognitiv e Science "  journa l  (vol .  18) . 
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For  comparison' s sake ,  I  estimate d th e frequenc y 
distributio n o f  categor y se t  size s typicall y use d b y cognitiv e 
scientist s i n describin g thei r  theorie s an d defendin g thei r 
claims .  Thes e dat a com e fro m a n informa l  inventor y o f  al l 
th e article s publishe d durin g 199 4 b y th e "Cognitiv e 
Science "  journa l  (Vol .  18) .  Specifically ,  i t  i s  base d o n th e 
lengt h o f  numbere d an d alphabetize d list s tha t  appea r  i n eac h 
article .  Thes e dat a ar e particularl y interestin g becaus e th e 
theoretica l  concept s develope d b y cognitiv e scientist s rarel y 
rel y o n specifi c  perceptua l  form s an d m a y therefor e b e mor e 
subjec t  t o functiona l  biase s tha n biologica l  categories . 
Abou t  62 .32 % o f  th e list s i n th e paper s examine d containe d 
tw o o r  thre e item s (th e frequenc y o f  thre e ite m list s bein g 
slightl y highe r  tha n tw o ite m lists) ,  an d 88.41 % containe d 5 
or  les s (ther e wer e howeve r  tw o paper s presentin g 
classification s consistin g o f  1 5 an d eve n 1 6 items!) .  Th e 
mean categor y se t  siz e wa s 3.770 ,  slightl y greate r  tha n th e 
mean o f  th e biologica l  taxonomie s reporte d b y Berli n (1992 ) 
but  withi n a  simila r  range . 

Converging Evidence and Conclusions 

Category acquisition is constrained by (a) stimulus structure 
-thing s tha t  loo k simila r  ten d t o b e categorize d together- , 
(b )  th e learner' s innat e o r  acquire d preference s -thing s tha t 
we ar e programme d t o categoriz e togethe r  o r  tha t  w e hav e 
categorize d togethe r  i n th e pas t  ten d t o b e categorize d 
togethe r  again- ,  an d (c )  th e goal s o f  th e learne r  -thing s tha t 
requir e simila r  kind s o f  action s ten d t o b e categorize d 
together .  W h e n thes e constraint s agree ,  acquisitio n wil l  tak e 
plac e readily .  Sometimes ,  on e o f  th e constraint s m a y 
overshado w th e rest ,  a s stimulu s structur e m a y d o i n th e 
cas e o f  biologica l  basi c categorie s (Berlin ,  1978) ,  prio r 
belief s i n th e cas e o f  illusor y correlation s (Chapma n & 
Chapman,  1969) ,  an d th e agent' s goal s i n th e cas e o f  ad-ho c 
categorie s (Barsalou ,  1983) .  I n general ,  however ,  categc»ie s 
wil l  resul t  fro m som e sor t  o f  compromis e amon g th e thre e 
factors . 

Thi s pape r  ha s trie d t o isolat e th e consequence s o f  th e 
thir d kin d o f  constraint :  th e connectio n betwee n th e 
categorie s an d thei r  functio n wit h respec t  t o th e agent' s 
goals .  Functiona l  utilit y  o f  a  categor y wa s define d a s th e 
amount  o f  informatio n th e categor y provide s abou t  th e bes t 
action s t o perfor m give n som e goal .  Then ,  i t  wa s 
demonstrate d that ,  unde r  a  fe w simplifyin g assumptions , 
havin g 3  contrastin g categorie s (actuall y e )  maximize s th e 
averag e infcxmatio n gai n obtaine d fro m eac h category .  Thi s 
predictio n i s supporte d b y anthropologica l  studie s o f 
classificatio n o f  anima l  an d plant s i n traditiona l  societie s 
aroun d th e worl d an d als o b y th e behavio r  o f  cognitiv e 
scientist s whil e rep)ortin g thei r  researc h (thi s pape r  i s n o 
exception) . 

Categorizatio n i s no t  th e onl y aspec t  o f  cognitio n wher e e 
apijear s t o b e a n optimizin g factor .  Dirla m (1972 ) 
demonstrate d mathematicall y tha t  a  branchin g facto r  o f  3 
maximize s searc h efficienc y i n a  hierarchica l  m e m o r y 
structur e i f  efficienc y i s define d a s th e m a x i m u m numbe r  o f 
item s tha t  nee d t o b e scanne d i n orde r  t o find a  targe t  piec e 
of  information .  I n fact ,  3  appeared ,  a s i t  di d here ,  a s th e 
closes t  intege r  t o th e irrationa l  e .  Dirlam' s predictio n wa s 

late r  confirme d b y a  numbe r  o f  experimenta l  studie s o f 
h u m an m e m o r y (Broadbent ,  1975) .  Thes e studies ,  i n 
combination ,  convince d Anderso n (1993 ,  p .  26 )  tha t  th e bes t 
chun k siz e fo r  th e declarativ e memor y syste m o f  bi s A C T - R 
model  migh t  b e three . 

Th e optimizin g powe r  o f  «  ha s als o bee n note d i n th e are a 
of  psychologica l  testing .  Tversk y (1964 )  showe d tha t 
"give n a  fixed  tota l  numbe r  o f  alternative s fo r  a  multiple -
choic e typ e test ,  th e us e o f  thre e alternative s a t  eac h choic e 
poin t  wil l  max im iz e discriminability ,  powe r  an d 
informati( m o f  a  test "  (p .  386) .  Althoug h Tversky *  s  finding 
di d no t  hav e a  bi g influenc e i n th e testin g communit y fo r  a 

number  o f  reasons^ ,  som e o f  th e point s h e raise d i n hi s 
pape r  ti e ver y nicel y int o th e discussio n a t  band .  I n 
particular ,  h e suggeste d tha t  hi s resul t  migh t  "she d som e 
Ught  o n th e stud y o f  informatio n codin g an d processing "  (p . 
390) .  H e cite d dat a pointin g t o thre e a s th e optima l  numbe r 
of  alternative s pe r  variabl e i n discriminatio n task s an d 
conjecture d that ,  unde r  som e assumptions ,  "th e us e o f  three -
leve l  factor s wil l  minimiz e confusio n an d decreas e memor y 
load "  (p .  391) . 

Ar e al l  thes e findings  mer e coincidence ? I  d o no t  thin k 
so.  I f  a  branchin g facto r  o f  thre e optimize s searc h efficienc y 
i n a  hierarchicall y organize d dat a se t  on e woul d expe a tha t 
same facto r  t o maximiz e th e informatio n gaine d fro m ever y 
decisio n mad e a t  a  decisio n poin t  i n th e hierarchy .  Th e tw o 
are ,  i n a  sense ,  differen t  way s o f  sayin g th e sam e thing . 

Do thes e findings  contradic t  Miller' s numbe r  seven ? I  d o 
not  thin k s o either .  Miller' s concer n wa s abou t  informatio n 
processin g capacit y limt s (th e secon d typ e o f  constrain t  i f 
yo u wish) ,  no t  abou t  optima l  organizatio n o f  knowledge . 
The fac t  tha t  mos t  peopl e migh t  b e limite d t o discriminat e a 
m a x i m u m o f  seve n level s o f  loudnes s doe s no t  mea n tha t 
peopl e wil l  ten d t o organiz e sound s int o sevens .  I n turn ,  th e 
ide a tha t  e  optimize s informatio n gai n an d searc h efficienc y 
shoul d no t  b e interprete d a s a n absolut e bound ,  bu t  a s a n 
indicatio n tha t  ther e i s a n optima l  numbe r  o f  contrastin g 
categories ,  "tha t  performanc e wil l  deteriorat e i f  on e goe s 
beyon d it ,  an d therefore ,  tha t  th e syste m wil l  ten d t o 
organiz e itsel f  i n chunk s [contras t  sets ]  o f  tha t  size " 
(Anderson ,  1993 ;  p .  27) .  I f  anything ,  thes e result s ar e 
compatibl e wit h Miller's :  people' s discriminatio n capacit y 
allow s the m t o organiz e thing s i n triads . 

Th e numbe r  e  ha s a  lon g histor y o f  extraordinar y 
appearance s i n mathematic s an d th e natura l  science s (Maor , 
1994) .  I n fact ,  e  play s suc h a n importan t  rol e i n differentia l 
calculu s tha t  th e logarith m bas e e  i s know n a s th e natura l 
logarithm .  Mathematicians ,  however ,  d o no t  cal l  e  itsel f 
natura l  becaus e i t  ca n no t  b e expresse d withou t  decima l 
digits .  The y d o no t  eve n conside r  i t  rationa l  becaus e i t  ca n 
not  b e expresse d a s th e rati o betwee n tw o integers .  I t  i s 
ironi c that ,  a s irrationa l  a s i t  is ,  «  seem s t o b e a n optimizin g 
facto r  i n som e rationa l  analyse s o f  cognition .  I f  I  a m no t 
sufferin g fro m delusion s o f  persecution ,  thi s peculia r 
irrationa l  numbe r  m a y deserv e t o b e upgrade d t o th e ran k o f 
"Rational "  Number . 

'̂I t  seem s tha t  th e assumptio n o f  a  fixe d tota l  numbe r  o f 
alternative s i s a  rar e constrain t  i n th e desig n o f  rea l  test s 
(Nambur y S .  Raju ,  persona l  communication) . 
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