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C ue Validit y i n Categor y Learnin g 

Lewi s J .  Fre y (FR I  Y@VUSE.VANDERBILT.EDU) 
Compute r  Scienc e Department ,  Vanderbil t  Universit y 
457 Villag e a t  Vanderbilt ,  Nashville ,  T N 3724 0 U S A 

Introduct io n 

Simpl e Bayesia n classifier s ar e a  commonl y use d mode l  o f 
categorization .  However ,  certai n characteristic s o f  huma n 
performanc e ar e no t  capture d b y traditiona l  Bayesia n models . 
Example s o f  suc h phenomeno n ar e invers e bas e rate s an d 
base rat e neglect .  Thi s repor t  examine s th e simpl e (naive ) 
Bayesia n mode l  o f  thes e phenomeno n alon g wit h tw o 
variants ,  on e whic h ignore s bas e rate s an d on e whic h 
include s a  cu e validit y weightin g o f  th e attributes . 

These thre e model s ar e applie d t o tw o dat a set s (Kruschke , 
1996;  Experiment s 1  &  3) .  Th e experimenta l  tas k i s 
diagnosin g a  diseas e give n a  se t  o f  symptoms .  Participant s 
ar e traine d o n a  se t  o f  fou r  diseases ,  tw o commo n an d tw o 
rare .  Th e common disease s hav e a  bas e rat e thre e time s tha t 
of  th e rar e diseases .  I n Experimen t  I ,  eac h diseas e ha s tw o 
symptoms ,  on e whic h i s onl y associate d wit h i t  an d on e 
whic h i s associate d wit h bot h a  commo n an d rar e disease . 
Hence thre e symptom s ar e use d t o predic t  tw o diseases . 
Thus ther e ar e fou r  possibl e disease s bein g predicte d b y si x 
symptoms .  Afte r  training ,  th e participant s ar e require d t o 
diagnos e nove l  combination s o f  thes e symptoms . 

Experimen t  1  replicate s th e invers e bas e rat e phenomen a 
reporte d b y Medi n &  Edelso n (1988) .  Invers e bas e rat e 
occur s whe n participant s ar e give n a  pai r  o f  symptoms ,  eac h 
bein g perfec t  predictor s o f  a  common an d a  rar e disease .  O n 
th e majorit y  o f  trials ,  participant s appea r  t o ignor e bas e rate s 
by assignin g th e sympto m pai r  t o th e rar e disease . 

Experimen t  3  i s simila r  t o Experimen t  1  excep t  tha t  on e 
of  th e common disease s share s a  rar e disease' s symptom . 
The sympto m occur s equall y i n bot h th e rar e an d common 
diseases .  Thi s desig n replicate s th e bas e rat e neglec t 
phenomena reporte d b y Gluc k &  Bowe r  (1988) .  Bas e rat e 
neglec t  occur s whe n participant s wh o ar e give n a  sympto m 
tha t  equall y predict s tw o diseases ,  choos e th e rar e ove r  th e 
common disease . 

Bayesian Models 

These tw o dat a set s ar e modele d usin g thre e variant s o f 
Bayesia n models :  a  simpl e (naive )  Bayesian ,  a  simpl e 
Bayesia n withou t  bas e rat e informatio n (i.e. ,  P(Ck ) 
removed) ,  an d a  Bayesia n i n whic h eac h sympto m i s 
weighte d b y th e cu e validity ,  P(CklAi) .  A  sympto m tha t  i s 
concentrate d i n on e categor y i s  mor e diagnosti c o f  tha t 
categor y tha n a  sympto m tha t  i s sprea d ou t  ove r  a  numbe r  o f 
categories .  Thi s accoun t  generate s th e followin g expression : 

D i scuss io n 

Table s 1  an d 2  bot h sho w tha t  a  Bayesia n mode l  modifie d b y 
ignorin g bas e rate s doe s a  poo r  jo b a t  fittin g th e data , 
accountin g fo r  5 3 % an d 5 2 % o f  th e varianc e i n Experiment s 
1 an d 3 .  Th e Bayesia n mode l  whic h include s bas e rat e 
informatio n account s fo r  7 5 % an d 6 8 % o f  th e variance . 
Thes e result s sugges t  tha t  bas e rate s ar e no t  bein g ignore d 
(consisten t  wit h Kruschke' s views) .  Th e Bayesia n mode l 
wit h cu e validit y fit s th e dat a bette r  tha n th e othe r  tw o 
models ,  accountin g fo r  9 3 % o f  th e varianc e i n Experimen t  1 
and 8 1 % o f  th e varianc e i n Experimen t  3 .  Thus ,  thi s 
researc h support s th e inclusio n o f  cu e validit y i n orde r  t o 
more accuratel y accoun t  fo r  huma n categorization . 

Table 1: Model fits for Experiment 1, R^ and Root Mean 
Square d Deviatio n (RMSD ) 

Model 
Bayes : 
Bayes : 
Bayes : 

No Bas e Rat e 
Naiv e 
Cue Validit y 

R̂  
0.530 5 
0.758 3 
0.930 2 

Tabl e 2 :  Mode l  fits  fo r  Experime r 

Model 
Bayes : 
Bayes : 
Bayes : 

No Bas e Rat e 
Naiv e 
Cue Validit y 

• J 

0.520 8 
0.675 8 
0.809 6 

RMSD 
0.246 2 
0.158 2 
0.095 3 

It  3 

RMSD 
0.235 5 
0.182 9 
0.146 5 
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