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Abstrac t 

In the present paper we deal with several violations 

of  normativ e rule s i n probabilit y  judgement :  th e 

inverse-base-rat e an d th e conjunctio n fallacy ,  amon g 

others .  T o reproduc e thes e failures ,  a  sampl e o f 

subject s wa s aske d t o judg e th e probabilit y  o f 

severa l  item s accordin g t o wha t  the y ha d learn t  i n 

a previou s learnin g tas k o n medica l  diagnosis .  At -

tempt s ar e mad e t o explai n th e result s withi n th e 

connectionis t  framework .  W e base d ou r  approac h 

i n a  simpl e network ,  designe d b y Gluc k an d Bowe r 

(1988) ,  whic h update s it s weight s usin g th e L M S 

rule . 

Introductio n 

In this work we have attempted to explain some of 

th e typica l  error s produce d durin g probabilit y 

judgment .  Amon g others ,  w e studie d her e th e 

conjunctio n fallac y an d th e base-rate-neglect . 

We use d th e tas k designe d b y Gluc k an d Bowe r 

(1988a )  t o stud y thes e errors .  I n thi s task ,  th e 

subject s ha d t o lear n t o diagnos e tw o diseases ,  a 

rar e an d a  common disease ,  give n th e presenc e o r 

absenc e o f  fou r  symptoms .  Th e tas k consiste d o f 

tw o phases .  Durin g Phas e 1 ,  th e subject s ha d t o 

diagnos e som e hypothetia d patient s accordin g t o a 

give n se t  o f  symptoms .  Afte r  eac h diagnosis ,  the y 

receive d som e feedbac k o n th e actua l  diseas e th e 

patien t  suffere d from .  Tabl e 1  show s al l  th e 

probabilitie s tha t  wer e programmed .  Th e 

probabihtie s o f  sufferin g fro m th e diseas e give n th e 

symptom s i n isolatio n wer e fixed  accordin g t o 

Shank s (1990) . 

Tabl e 1 .  Programme d Probabilitie s o f  Eac h 

Sympto m Give n Eac h Disease ,  an d 

Probabilitie s o f  Eac h Diseas e Give n Eac h 

Sympto m 

P(symptom/commo n disease ) 
P(syinptoin/rar e disease ) 
P(common disease/symptom ) 
P(rar e disease/symptom ) 
P(common disease/symp .  isolated ] 
P(rar e disease/symp .  isolated ) 

Sympto m 
1 2 3  4 

.2 . 3 . 4 . 6 

.6 . 4 . 3 . 2 
3 .6 9 . 8 . 9 
5 .3 1 . 2 . 1 
.5 .66.82.9 5 
S .34.18.0 5 

Durin g Phas e 2 ,  th e subject s ha d t o us e wha t  the y 

had learn t  i n th e previou s phas e t o mak e som e 

probabiht y judgments . 

T h e m o d e l  a n d th e hypothese s 

The connectionist model designed by Gluck and 

Bower  (1988 )  ha s bee n use d t o explai n th e subjects ' 

response s t o th e tas k (se e figure  1) .  Th e mode l  ha s 

tw o layer s o f  units .  Th e first  leve l  include s fou r 

inpu t  units ,  on e fo r  eac h symptom ,  an d th e secon d 

on e include s a n outpu t  uni t  takin g differen t  value s 

accordin g t o th e diseas e suffered .  Al l  th e inpu t 

unit s ar e connecte d t o th e outpu t  uni t  b y link s tha t 

ca n tak e differen t  value s o r  weights .  Eac h inpu t  uni t 

ca n tak e tw o values ,  1  o r  0 ,  dependin g o n whethe r 

th e sympto m tha t  i t  represent s i s presen t  o r  absent , 

respectively .  Th e outpu t  uni t  take s a n activatio n 

valu e accordin g t o th e activatio n value s o f  th e inpu t 

units ,  measure d b y th e weight s o f  th e Unk s betwee n 

th e outpu t  an d inpu t  units .  Thi s i s  th e interna l 
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Outpu t  Uni t  Teachin g Inpu l 

Rare Dl 
Common Diseas e 

Wi=Q35 W4-071 
W,V-03 8 

SI  S 2 S 3 8 4 
Inpu t  Unit s 

delt a rul e w,, -  { 1 | -  o  ) o , 

Outpu t  lunctlon : 

Figure 1. Simulation with the model by Gluck 

& Bowe r  (1988a) . 

input. Therefore, the spreading direction of the 

activatio n alway s feed s forward .  Th e outpu t  uni t 

als o ca n receiv e a n externa l  inpu t  tha t  wil l  tel l  th e 

syste m th e diseas e tha t  th e patien t  actuall y suffer s 

from .  I f  th e inpu t  i s equa l  t o + 1 ,  th e diseas e suffe -

re d i s th e rar e on e an d i f  th e inpu t  i s - 1 th e diseas e 

i s th e commo n one . 

The weight s ar e update d afte r  eac h feed-bac k 

usin g th e Delt a rul e (Widro w &  Hoff ,  1960) , 

equivalen t  mathematicall y t o th e Rescorla-Wagne r 

rul e (Rescorl a &  Wagner ,  1972 ;  Sutto n &  Barto , 

1981) .  Thi s rul e i s applie d t o th e differenc e betwee n 

th e interna l  an d externa l  inpu t  i n suc h a  wa y tha t 

expecte d error s ar e minimized . 

We postulat e that ,  a s th e tas k progresses ,  thi s 

cognitiv e architectur e appear s a s a  bas e fo r  th e 

knowledg e acquire d b y th e subjects .  I t  i s importan t 

t o explai n tha t  th e processe s underlyin g th e 

subjects '  prediction s £m d probabilit y  judgments , 

base d o n suc h a n architecture ,  ca n b e describe d a s 

singl e matchin g o f  patterns .  W e hav e a n inpu t 
pattern ,  forme d b y th e activatio n stat e o f  th e se t  o f 

inpu t  units ,  an d a n outpu t  pattern ,  th e valu e o f  th e 

outpu t  unit ,  standin g fo r  th e diagnosi s mad e b y th e 
system .  Ou r  hypothesi s derive s fro m thre e centra l 

ideas : 
1.  Give n th e natur e o f  th e learnin g algorith m o f  thi s 

model ,  th e fina l  valu e o f  eac h weigh t  depend s o n 

th e relativ e validit y o f  eac h symptom .  Symptom s 

may b e see n a s cue s tha t  compet e betwee n the m t o 

predic t  eac h disease .  Thus ,  whe n symptom s jointl y 

appea r  i n a  hipothetica l  patient ,  th e mor e vali d 

sympto m subtract s importanc e t o th e les s vali d 

ones ,  an d thi s competitio n affect s th e magnitud e o f 

weigh t  changes . 

2.  Th e architectur e describe d earlie r  impose s o n th e 

subject s a  serie s o f  limitations ,  suc h a s th e inabilit y 

of  representin g th e absenc e o f  information ,  sinc e 

th e inpu t  unit s tak e discret e activatio n value s ( 1 fo r 

th e presenc e o f  a  sympto m an d 0  fo r  it s  absence) . 

3.  W e als o postulat e that ,  give n th e limitatio n o f 

workin g memory ,  th e subject s wil l  tr y t o economiz e 

resource s whe n solvin g a n item .  Thi s mean s tha t  th e 

subject s woul d tr y t o respon d t o th e item s o f  ou r 

test s wit h a  singl e matchin g pair . 

Fro m thes e genera l  hypothese s w e elaborate d th e 

followin g prediction s o r  specifi c  hypothese s abou t 

th e subjects '  answers : 

1.  Subject s wil l  judg e th e probabiUt y o f  sufferin g th e 

rar e diseas e greate r  tha n th e programme d 

probabilit y  i n patient s wit h sympto m S ,  give n i n 

isolation .  Thi s wil l  b e th e cas e becaus e sympto m S , 

lack s bette r  competitor s t o predic t  th e rar e diseas e 

and ,  o n th e contrary ,  i s  th e wors t  competito r  t o 

predic t  th e c o m m o n disease .  Thi s resul t  coul d b e 

take n a s analogou s t o th e base-rate-neglec t 

phenomeno n becaus e thes e probabilitie s wer e 

programme d t o b e th e sam e (se e tabl e 1) . 

2.  Subject s wil l  judg e th e probabiUtie s o f  sufferin g 

fro m th e diseas e give n th e sympto m th e sam e a s th e 

probabiUtie s o f  havin g th e sympto m give n th e 

disease .  Smc e th e syste m onl y work s i n on e direc -

tion ,  fro m th e inpu t  unit s t o th e outpu t  one ,  sub -

ject s wil l  no t  b e abl e t o answe r  th e item s accordin g 

t o th e probabilit y  o f  a  sympto m give n th e disease . 

Instead ,  the y wil l  respon d t o th e probabilit y  o f  th e 

diseas e give n th e symptom . 

3.  A s th e architectur e doe s no t  zdlo w fo r  th e 

representatio n o f  th e absenc e o f  information ,  b y 

simpl e matchin g o f  patterns ,  whe n w e as k th e 

subject s fo r  th e probabilit y  o f  sufferin g a  diseas e 

give n a  symptom ,  an d wit h n o informatio n abou t  th e 

othe r  symptoms ,  the y wil l  b e force d t o trea t  th e 

absenc e o f  informatio n abou t  th e res t  o f  th e 

symptom s a s th e absenc e o f  th e symptom s 

themselves . 

4.  W e expec t  th e presenc e o f  a  conjunctio n fallac y 

i n ite m P(S4Si/R )  i n relatio n t o P(S4/R )  sinc e th e 
final  weight s obtzune d b y th e link s betwee n th e unit s 
representin g th e symptom s an d th e outpu t  uni t  ar e 

thos e show n i n figure  1 .  Fro m thi s figure  w e ca n 

deduc e tha t  th e activatio n o f  th e outpu t  uni t  i s 

highe r  whe n S ,  an d S 4 ar e presen t  tha n whe n onl y 

S4 i s present .  O n th e contrary ,  th e conjunctio n 

fallac y wil l  no t  occu r  betwee n item s P(S4S2/R )  an d 
P(S4/R )  no r  betwee n item s P(S4S3/R )  an d P(S4/R) . 

M e t h o d 

We carried out an experimental study to test these 

hypotheses .  Th e experimen t  wa s a  2  x  2  within -
subjec t  factoria l  design ,  th e sampl e siz e bein g 3 2 
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Four  dependen t  variable s accordin g t o th e lou r  symptom s 

Absenc e o l 
Inlormatlo n 
oondlllo n 

Complet e 
Intormotlo n 
conditio n 

Diseas e 
give n 

sympto m 

Example : 

P ( R / S , ) 

Example ; 

P(R/S ,  I n IS. ) 

Invers e 
Drobablllt y 

Example ; 

P(S, /R ) 

Example ; 

P(S,  I n IS./R ) 

Figur e 2 .  Experimenta l  design :  2x 2 within -

subjec t  factors . 

subject s (se e figur e 2) .  Th e first  facto r  (calle d th e 

invers e factor )  ha d tw o levels .  I n th e first  level ,  th e 

subject s ha d t o judg e th e probabilit y  o f  sufferin g 

fi-om  th e rar e diseas e give n th e presenc e o f  a  symp -

tom .  I n th e secon d level ,  the y ha d t o mak e a 

probabilit y  judgmen t  o f  havin g certai n symptom s 

give n th e presenc e o f  th e rar e diseas e (thi s wa s 

calle d th e invers e probabilit y  condition) .  Th e 

secon d facto r  include d a  complet e informatio n 

conditio n an d a n absenc e o f  informatio n condition , 

dependin g o n whethe r  th e subject s receive d 

informatio n o n th e presenc e o r  absenc e o f  al l  fou r 

symptom s o r  onl y o n th e presenc e o f  on e sympto m 

(th e sympto m involve d i n a n item) . 

Concernin g th e firs t  hypothesis ,  w e onl y hav e t o 

compar e th e subjects '  respons e t o ite m P(R/S , 

isolated )  wit h th e relevan t  programme d probabilit y 

(se e Tabl e 1) .  Accordin g t o th e secon d an d thir d 

hypotheses ,  neithe r  mai n effect s no r  interactio n 

betwee n factor s ar e expected .  Concernin g th e 

conjunctio n fallac y hypothesis ,  th e sjun e subject s 

wer e administere d tw o kind s o f  items :  1 )  item s 

referrin g t o th e conjunction s S4-S, ,  S -̂S j  an d 8̂ -8 3 

i n patient s wit h th e rar e disease ;  2 )  a n ite m 

referrin g t o th e constituen t  S 4 m patient s wit h th e 

rar e disease . 

Resul t s 

Subjects' mean estimation on the probability of the 

rar e diseas e i n patient s wit h onl y S ,  i s show n i n 

tabl e 2 .  Othe r  relevan t  statistic s ar e als o show n i n 

thi s table . 

Subject s judge d th e probabilit y  o f  sufferin g fro m 

th e rar e diseas e i n patient s wit h onl y S ,  greate r  tha n 

0.5 ,  i.e. ,  th e programme d probabiUty .  Thi s resul t 

replicate s tha t  obtaine d b y Shank s (1990) ,  an d i s 

Tabl e 2 .  Tes t  o f  th e first  hypothesi s 

Ite m 

P(R/S , 

Mean 

is. )  .6 1 

Standar d 
erro r 
.05 2 

t  Programme d alph a 
probabilit y 

52 5 .05 

explaine d accordin g t o ou r  first  centra l  ide a abov e 

mentioned .  I n figure 1  w e ca n se e that ,  a s a  resu h 

of  ou r  simulatio n wit h th e conectionis t  model ,  th e 

lin k betwee n sympto m S ,  an d th e outpu t  uni t  ha s a 

positiv e value .  So ,  i f  onl y S ,  i s activated ,  th e outpu t 

uni t  activatio n wil l  approac h a  valu e o f  1 ,  whic h 

represent s th e rar e disease . 

Accordin g t o ou r  hypothesi s abou t  h o w subject s 

represen t  th e absenc e o f  informatio n abou t 

symptoms ,  w e expecte d th e subject s woul d judg e 

th e item s referrin g t o th e presenc e o f  a  sympto m i n 

isolatio n t o b e a s likel y a s th e item s referrin g t o th e 

presenc e o f  tha t  symptom ,  withou t  specifyin g th e 

presenc e o r  absenc e o f  th e res t  o f  th e symptoms .  I n 

othe r  words ,  w e expecte d t o find  n o mai n effec t 
asociate d t o th e informatio n factor . 

I n figure  3 ,  o n th e X-axis ,  w e hav e represente d 

eigh t  items .  Eac h o f  the m i s represente d b y tw o 

bars :  A )  th e on e o n th e left ,  refer s t o th e presenc e 

of  a  sympto m i n isolatio n an d B )  th e on e o n th e 

right ,  refer s t o th e presenc e o f  th e sympto m an d th e 

absenc e o f  informatio n abou t  th e rest .  Th e first  fou r 

sho w th e probabilitie s o f  patient s wit h symptom s S „ 

§2,  S3 ,  S 4 sufferin g th e rar e disease .  Th e las t  fou r 

ar e relate d t o th e probabilitie s o f  sufferin g 

symptom s S, ,  Sg ,  S3 ,  S 4 i n thos e patient s wit h th e 

rar e disease .  Th e Y-axi s represent s th e mean s o f 

,  M n o f  estimate d perc . 

R/S i  R/S 2 R/S 3 R/S4S1/ R S2/ R Sj/ R S4/ R 
^  Oi M (yno .  I n Uola L ^  Ont  •ympto m 

Figure  3. Hypothesis of the Representation of 

A b s e n c e o f  Information .  M A N O V A statisti c 

tes t  (Inf .  effect :  F = 1 . 2 8 ,  Sig .  =  .302 ) 
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th e estimate d percentages . 

Th e M A N O VA tes t  fo r  repeate d measure s di d 

not  sho w an y significfin t  differenc e betwee n th e 

leve k o f  th e informatio n factor ,  a s w e predicted . 

The result s show n i n th e las t  fou r  pair s o f  item s ar c 

especiall y revealin g sinc e the y clearl y sho w som e 

difficultie s fo r  normativ e model s an d fo r  thos e 

model s committe d t o a  bayesia n an d frequentiaUs t 

approac h suc h a s som e exempla r  model s an d 

featur e frequenc y models . 

O ne o f  th e prediction s derive d fro m ou r 

hypothese s wa s tha t  subject s woul d judg e th e 

probabiht y o f  sufferin g th e rar e diseas e give n a 

sympto m a s bein g th e sam e a s th e invers e 

probability ,  tha t  is ,  th e probabilit y  o f  sufferin g th e 

same sympto m give n th e rar e disease .  I n figur e 4  w e 

see agai n 8  pair s o f  bars .  T h e lef t  ha i  o f  eac h pai r 

shows subjects '  estimatio n o f  th e probabilit y  o f 

sufferin g th e rar e diseas e give n th e sympto m below . 

The righ t  ba r  o f  eac h pai r  show s th e sam e subjects ' 

estimation s o f  th e probabilit y  o f  havin g th e sympto m 

belo w i n patient s sufferin g th e rar e disease ,  tha t  is , 

th e invers e probability .  T h e first 4  pair s o f  item s 

refe r  t o isolate d symptoms ,  wherea s th e las t  fou r 
refe r  t o item s i n whic h n o informatio n i s include d 

abou t  th e othe r  symptoms .  A s ou r  hypothesi s 

maintained ,  n o significan t  difference s wer e foun d 

betwee n th e tw o level s o f  th e mvers e probabilit y 

factor .  I n thi s case ,  th e fou r  first  pair s ar e thos e 

whic h provid e suggestiv e information ,  sinc e the y ar e 

hardl y consisten t  wit h othe r  alternativ e models ,  suc h 

as exempla r  model s o r  an y othe r  model s engage d 

wit h th e calculu s o f  mathematica l  probabiht y fro m 

relativ e frequencies . 
Finally ,  w e als o predicte d tha t  n o interactio n 

effect s betwee n factor s woul d tak e place .  I n figure 

Mn o f  estimate d perc . 

Mean cond .  -  M e a n inv . 

S|l s S2I S S3I S S4I S S |  S 2 S 3 S 4 
^  PCdliMU/aymptom )  ̂  P(>vmplom/dl>Mu ) 

Figur e 4 .  Hypothesi s o f  th e Invers e 

Probability .  M A N O VA statisti c tes t  ( F =  1.65 , 

Sig .  =  .188 ) 

S|  S 2 S 3 S 4 
^  •ymplDiin .  I n Uola t  ^  Symp.  •  aba .  o t  Inl . 

Figure 5. Information By Inverse Effect. 

M A N O VA statisti c tes t  ( F =  .56 ,  Sig .  =  .691) . 

5 we show the differences, for each symptom, 

betwee n th e level s o f  th e invers e probabilit y  facto r 

i n th e complet e informatio n conditio n an d th e sjun e 

differenc e i n th e absenc e o f  informatio n condition . 

As w e ca n see ,  th e difference s ar e ver y small .  T h e 

M A N O VA tes t  fo r  repeate d measure s di d no t  sho w 

any interactio n effect . 

Figur e 6  illustrate s th e result s o f  th e conjunctio n 

fallac y test .  T h e grap h show s th e result s 

correspondin g t o th e comparison s betwee n judgin g 
th e probabilit y  o f  sufferin g sympto m S4 ,  i n patient s 

wit h th e rar e disease ,  an d judgment s m a d e 

regardin g t o th e differen t  possibl e conjunction s 

betwee n sympto m S 4 an d on e o f  th e othe r 

symptom s i n patient s wit h th e rar e disease . 

Th e T-tes t  fo r  relate d sample s reveale d tha t  onl y 

th e probabiht y o f  th e conjunctio n S4S ,  wa s judge d 

significantl y highe r  tha n th e probabilit y  o f  S 4 -  wit h 

Mn of estimated perc. 

S4/RS4S1/ R S4/RS'(S2/ R S4/RS4S3/ R 

i Prob. ol eon«L ^2 Prob. of oonjuno. 

Figur e 6 .  Tes t  o f  th e Con junc t i o n Fallacy .  T -
paire d test .  Statistics ,  i n th e s a m e order ,  ar e 

( t  =  2.6 ;  1-Tai l  Prob .  =  .007) ,  ( t  =  .04 ;  1-Tai l 

Prob .  =  .48) ,  ( t  =  1.34 ;  1-Tai l  Prob .  =  .094) . 
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.Est .  Perc .  o f  Pat .  wit h rar e diseas e 

100001000010000 1 no o wi o loo i  on o ow i  oo n ni o no t  n n oi n ni i 
Item s 

-  OM.  •«! .  P*fS . -  Can .  Had .  Piwllo . 

Figur e 7 .  Connextionis t  Mode l  Output s an d 

Subjects '  Responses .  Fre e paramete r  C  =  1.4 ; 

SEd =  7.86 ;  r p =  .8748 . 

a significance level of .05. 67% of the subjects 

committe d th e conjunctio n fallac y whe n S ,  wa s i n 

conjunctio n wit h S4 .  O n th e othe r  hand ,  whe n othe r 

symptom s wher e i n conjunctio n wit h S4 , 

approximatl y 5 0 % o f  th e subject s committe d th e 

conjunctio n fallacy .  Again ,  th e result s i n ou r  wor k 

corroborat e ou r  hypothesis . 

Finally ,  i n figur e 7  w e sho w th e result s o f  ou r 

simulation .  A s ca n b e appreciated ,  th e connectionis t 

model  designe d b y Gluc k an d Bowe r  fit s  ver y wel l 

th e judment s mad e b y th e subject s concernin g th e 

probabilit y  o f  sufferin g fro m th e rar e diseas e give n 

al l  posibl e sympto m configurations .  Bot h th e 

output s o f  th e mode l  an d th e subjects '  probabilit y 

estimation s wer e obtaine d a t  a n asymptoti c leve l  o f 

learning . 

Conclusion s 

One of the most interesting contributions of this 

wor k i s havin g proposed ,  throug h a  precis e an d 

falsifiabl e model ,  bot h ho w learnin g i s relate d t o th e 

natur e o f  probabilit y  judgment s an d ho w i t 

determine s ou r  representations ,  i n workin g memory , 

of  th e item s t o whic h w e respon d i n task s o f 

probabilisti c  estimations . 

Anothe r  conclusio n o f  interes t  tha t  greatl y 

surprise d eve n us ,  concern s th e explanator y an d 

predictiv e powe r  o f  suc h a  simpl e mode l  a s tha t  b y 

Gluc k an d Bower .  Somethin g speciall y remarkabl e 

about  thi s mode l  i s th e fac t  that ,  withou t  makin g 

substantia l  variations ,  i t  i s  abl e t o accuratel y 

accoun t  fo r  th e result s fro m differen t  fields  o f  study , 

suc h a s biase s i n probabiht y judgment s , 

contingenc y judgment s (Chapma n &  Robins ,  1990) , 

associativ e learnin g (Shemks ,  1991) ,  concep t  learnin g 

(Shanks ,  1990 ;  Gluc k &  Bower ,  1988b) ,  etc . 

Finally ,  w e thin k tha t  thi s i s a  suggestiv e wor k 

sinc e i t  show s a  wa y o f  thinkin g abou t  biase s i n 

probabilit y  judgment .  Perhap s thi s approac h doe s 

not  cove r  th e whol e phenomen a o f  biase s i n 

probabilit y  judgment ,  bu t  i t  allow s fo r  accurat e 

prediction s an d solution s t o th e proble m o f  ho w 

conten t  domain s affec t  probabilit y  judgment . 
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