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Laten t  Seman t i c Analysi s A p p r o a c h e s t o Categorizatio n 

Darnel l  Laha m 
Departmen t  o f  Psycholog y &  Institut e o f  Cognitiv e Scienc e 

Universit y o f  Colorado ,  Boulde r 
Boulder ,  C O 80309-034 5 

dlahait i@psych .  C o l o r a d o .  e d u 

M a ny computationa l  model s o f  semanti c memor y rel y o n 
vecto r  representation s o f  concept s base d o n explici t  encodin g 
of  arbitrar y featur e sets .  Laten t  Semanti c Analysi s (LSA ) 
create s hig h dimensiona l  ( n =  300+ )  vector s fo r  concept s i n 
semanti c m e m o r y throug h statistica l  analysi s o f  a  larg e rep -
resentativ e corpu s o f  tex t  rathe r  tha n subjectiv e featur e set s 
linke d t o objec t  name s (fo r  detail s se e Landaue r  &  Dumais , 
1997 ;  Landauer ,  Foltz ,  &  Laham ,  i n press) .  Concept s ca n b e 
compare d i n th e semanti c spac e an d thei r  similarit y indexe d 
by th e cosin e o f  th e angl e betwee n vectors . 

Computationa l  model s o f  concep t  relation s usin g L S A 
representation s demonstrat e tha t  categorie s ca n b e emergen t 
and self-organizin g base d exclusivel y o n th e wa y languag e i s 
use d i n th e corpu s withou t  explici t  hand-codin g o f  categor y 
membershi p o r  semanti c features .  L S A categorizatio n i s 
contex t  dependen t  an d occur s throug h a  dynami c proces s o f 
induction .  Semanti c "meaning "  i s no t  encapsulate d withi n 
an objec t  representation ,  butemerge s a s th e se t  o f  relation -
ship s betwee n selecte d object s i n a  context-base d sub-space . 

Neuropsychologica l  studie s (e.g .  Warringto n &  Shallice , 
1984 )  poin t  t o a  clas s o f  patient s w h o exhibi t  disnomia s fo r 
specifi c  categorie s o f  object s (natura l  kinds )  whil e retainin g 
th e abilit y t o nam e othe r  object s (man-mad e artifacts) .  Th e 
object s fro m natura l  kin d categorie s ten d t o b e significantl y 
mor e clustere d i n L S A spac e tha n ar e thos e fro m artifac t 
categories .  I f  brai n structur e correspond s t o L S A structure , 
th e identificatio n o f  concept s belongin g t o strongl y clustere d 
categorie s shoul d suffe r  mor e tha n weakl y clustere d concept s 
when thei r  representation s ar e partiall y  damaged . 

Thre e type s o f  modelin g experiment s wer e conducted : 
matchin g bas e concep t  name s t o superordinat e categorie s i n 
forced-choic e testing ,  correlatin g L S A similarit y measure s t o 
human judgment s o f  typicality ,  an d multivariat e analyse s o f 
similarit y matrice s t o captur e categor y boundaries . 

For  th e forced-choic e matchin g o f  concep t  name s t o 
superordinat e categories ,  a  selectio n o f  14 0 object s (rate d a s 
most  typica l  i n thei r  category )  fro m 1 4 categorie s wa s used . 
Each objec t  nam e wa s compare d t o eac h o f  th e 1 4 categor y 
names (apple—flower ,  a p p l e — m a m m a l ,  etc.) .  Th e L S A 
matc h wa s considere d correc t  whe n th e highes t  cosin e 
compariso n i n th e se t  wa s betwee n a n objec t  an d it s relevan t 
superordinat e (apple—fruit) .  Th e result s sho w tha t  i n al l  1 4 
categories ,  L S A predict s membershi p wel l  abov e chanc e 
(chanc e =  7 % ) ,  however ,  ther e ar e difference s i n th e degre e o f 
clustering :  th e percen t  correc t  fo r  animat e natura l  kind s 
(flowers ,  m a m m a l s ,  fruit ,  trees ,  vegetables ,  an d birds )  = 
9 2 %;  fo r  inanimat e natura l  kind s wit h observe d deficit s i n 
neuropsychologica l  patient s (gemstones ,  musica l  instr -

uments )  =  1 0 0 % ;  an d fo r  m a n - m a d e artifact s (furniture , 
vehicles ,  weapons ,  tools ,  toys ,  an d clothing )  =  5 3 % . 

Correlation s betwee n L S A similarit y judgment s an d hu -
m an typicalit y judgment s wer e consistentl y bette r  fo r  th e 
natura l  kind s tha n fo r  th e artifacts .  Fo r  natura l  categories , 
L S A similaritie s (cosin e betwee n concep t  an d eithe r 
superordinat e name ,  mos t  typica l  member ,  o r  centroi d o f  al l 
members )  showe d hig h correlation s wit h h u m a n judgment s 
(e.g .  fruit :  r  =  .82) ,  whil e artifac t  similaritie s showe d lo w t o 
near-zer o correlation s wit h huma n judgments . 

As illustrate d i n Figur e 1 ,  multivariat e analyse s o f  L S A -
base d similarit y matrice s sho w mor e cohesiv e structur e fo r 
natura l  kind s tha n fo r  artifacts .  Factor s 4- 6 i n thi s analysi s 
loa d hig h o n concept s i n th e bir d category—additiona l 
factor s (7-15 )  loa d o n specifi c  artifac t  concept s (no t  shown) . 
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Figur e 1 .  Principa l  Component s (PC )  Facto r  Loading s 
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