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Abstrac t 

When assessing the likelihood of an event, human 
judgmen t  i s  ofte n inconsisten t  wit h th e rule s inheren t  i n 
standar d probabilit y  theory .  Fo r  example ,  th e judge d 
probabilit y  o f  a n even t  ca n b e heavil y influence d b y th e 
alternative s tha t  ar e explicitl y  presented .  Tversk y an d 
Koehie r  (1994 )  attempte d t o accoun t  fo r  thi s phenomeno n 
by arguin g tha t  probabilit y  judgment s ar e mad e b y 
comparin g th e amoun t  o f  cognitiv e suppor t  on e hold s i n 
favou r  o f  th e even t  i n questio n relativ e t o al l  othe r 
possibilities .  The y suggeste d tha t  differen t  description s o f 
th e sam e even t  elici t  differen t  amount s o f  suppor t  resultin g 
i n differen t  probabilit y  ratings .  I n additio n t o th e rol e 
playe d b y explicitl y  considere d alternatives ,  th e presen t 
paper  suggest s tha t  peopl e ar e als o sensitiv e t o th e 
influenc e o f  alternative s tha t  ar e no t  considere d explicitly . 
We presen t  th e ter m "implie d numerosity '  i n a n attemp t  t o 
indicat e tha t  probabilit y  rating s ar e influence d b y a 
genera l  impressio n o f  th e numbe r  o f  potentia l  alternative s 
tha t  exist .  Systemati c difference s i n probabilit y 
estimation s ma y resul t  from  systemati c change s i n th e 
perceive d siz e o f  th e categor y bein g evaluated . 

Introduction 

W h en judgin g probabilit y o r  estimatin g frequency,  th e 
number s rater s assig n ofte n fai l  t o follo w th e rule s inheren t 
i n standar d probabilit y  theory .  Fo r  example ,  Redelmeier , 
Koehier ,  Liberman ,  an d Tversk y (1995 )  showe d physician s 
medica l  cas e historie s an d aske d the m t o estimat e 
probabilitie s fo r  specifi c  diagnoses .  Hal f  o f  th e physician s 
wer e aske d abou t  tw o diagnose s ("gastroenteritis "  an d 
"ectopi c pregnancy" )  an d th e residua l  categor y ("non e o f  th e 
above" )  whil e th e othe r  hal f  wer e aske d t o estimat e 
probabilitie s fo r  a  lis t  o f  fiv e diagnose s (includin g 
"gastroenteritis "  an d "ectopi c pregnancy" )  an d a  residua l 
("non e o f  th e above") .  Althoug h th e cas e historie s show n 
t o bot h group s wer e identical ,  th e averag e probabilit y 
assigne d t o th e residua l  i n th e shor t  lis t  wa s smalle r  tha n 
th e su m o f  th e correspondin g probabilitie s i n th e lon g list . 
I n tha t  sam e pape r  th e author s showe d that ,  no t  onl y doe s 
th e estimate d probabilit y o f  a  particula r  medica l  diagnosi s 
var y systematicall y a s a  functio n o f  th e numbe r  o f  alternativ e 
diagnose s explicitl y  presented ,  bu t  tha t  physicians ' 
treatmen t  decision s wer e als o influenced .  W h e n sinusiti s 
was th e onl y diagnosti c hypothesi s give n explicitly ,  fewe r 

respondent s recommende d a  C A T sca n tha n whe n a  longe r 
lis t  o f  potentia l  diagnose s wa s offered .  Tversk y an d Koehie r 
(1994 )  an d Rottenstreic h an d Tversk y (1997 )  hav e show n 
thi s effec t  usin g a  wid e variet y o f  question s an d b y askin g 
subject s t o respon d wit h eithe r  probabilit y  rating s o r 
frequency  estimations . 

Whil e thes e author s hav e describe d an d modele d thes e 
phenomen a i n impressiv e detail ,  m u c h o f  thei r  focu s ha s 
bee n o n th e influenc e o f  alternative s the y explicitl y  gav e th e 
rater s o r  alternative s raise d b y th e rater s themselves .  W e 
n o w propos e tha t  th e alternative s tha t  ar e no t  considere d 
explicitl y m a y als o influenc e ou r  probabilit y  ratings .  T h e 
presen t  pape r  introduce s th e ide a o f  implie d numerosit y t o 
sugges t  tha t  on e componen t  o f  probabilit y  evaluatio n 
involve s a n assessmen t  o f  th e siz e o f  th e categor y t o whic h 
an even t  belongs .  Tha t  is ,  th e contex t  o f  th e questions , 
includin g th e alternative s offere d explicitly ,  m a y alte r  a 
judge' s impressio n o f  th e numbe r  o f  possibl e alternative s 
tha t  hav e no t  bee n mentioned .  Althoug h description s o f  th e 
phenomen a describe d i n th e precedin g paragrap h migh t 
caus e human s t o appea r  t o b e illogica l  decisio n makers ,  th e 
curren t  framework  suggest s tha t  s o m e par t  o f  tha t  appearanc e 
migh t  b e th e by-produc t  o f  a  rationa l  judgmen t  process .  W e 
argu e tha t  experimenta l  manipulation s show n t o alte r 
probabilit y  rating s m a y hav e don e so ,  a t  leas t  partially ,  b y 
changin g th e perceive d siz e o f  th e categor y bein g evaluated . 
Thi s proposa l  wil l  b e argue d fo r  i n tw o ways :  B y a n 
assessmen t  o f  it s  abilit y t o explai n result s ahead y presen t  i n 
th e literatur e an d b y examinin g nove l  prediction s tha t  hav e 
bee n teste d an d ar e presente d here .  First ,  however ,  w e wil l 
briefl y discus s th e nee d fo r  suc h a  proposal . 

I. Implied Numerosity: Seeing the 
F o r e s t  o r  C o u n t i n g t h e T r e e s ? 

Suppor t  Theory ,  a s presente d b y Tversk y an d Koehie r 
(1994 )  wa s fu-s t  develope d t o explai n th e findin g tha t 
differen t  descriptor s o f  th e sam e even t  giv e ris e t o differen t 
probabilit y  judgments .  Fo r  example ,  subject s typicall y 
assig n a  large r  probabilit y  estimat e w h e n aske d t o evaluat e 
th e probabilit y  tha t  a  randoml y selecte d perso n wil l  di e c f 
natura l  cause s includin g hear t  disease ,  pneumonia ,  o r  lun g 
cancer ,  relativ e t o w h e n th e sam e questio n i s  aske d withou t 
th e explici t  mentio n o f  exemplar y instances .  Tversk y an d 
Koehie r  postulate d tha t  thi s i s  s o becaus e suc h judgment s 
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ar e m a d e o n th e basi s o f  cognitiv e extension s (hypotheses ) 
rathe r  tha n physica l  extension s (events )  i n th e rea l  world .  I n 
othe r  words ,  rathe r  tha n performin g a  memoria l  coun t  o f  th e 
ways i n whic h peopl e migh t  di e o f  natura l  cause s relativ e t o 
al l  othe r  type s o f  death ,  Tversk y an d Koehle r  argue d tha t 
probabilit y  judgment s ar e develope d throug h th e 
consideratio n o f  a  rati o o f  cognitiv e 'support '  fo r  th e 
alternativ e i n questio n (dyin g o f  natura l  causes )  relativ e t o 
al l  othe r  alternative s (dyin g o f  unnatura l  causes) : 

P (A ,  B )  = S(A ) 
s (A )  +  s  (B ) 

(1 ) 

wher e P(A ,  B )  =  probabilit y  of 'A '  rathe r  tha n 'B '  an d s(A ) 
= suppor t  fo r  A .  Probabilit y  estimates ,  the y suggested ,  ar e 
greate r  whe n specifi c  alternative s ar e "unpacked "  (i.e. ,  whe n 
exemplar y instance s ar e explicitl y  mentioned )  relativ e t o 
when the y remai n implicit ,  becaus e unpackin g increase s th e 
amount  o f  suppor t  i n favou r  o f  th e even t  i n question .  The y 
modele d thi s suggestio n i n th e firs t  tw o term s i n Equatio n 
2: 

s (A )  <  s  ( B V  C )  <  s  (B )  +  s  (C ) (2 ) 

wher e ( B v  C )  i s a n explici t  disjunctio n o f  th e implici t 
disjunctio n "A, '  an d a s wil l  b e explaine d shortly ,  s  (B )  +  s 
(C )  ar e th e rating s o f  eac h componen t  mad e independently . 
Usin g th e abov e example ,  'A '  =  deat h du e t o natura l 
causes ,  ( B v  C )  =  hear t  disease ,  lun g cancer ,  pneumonia ,  o r 
some othe r  natura l  caus e o f  death .  Thi s eflfec t  o f  unpackin g 
has bee n labele d "implici t  subadditivity "  sinc e implicitl y 
evaluate d diagnose s typicall y resul t  i n a  lowe r  probabilit y 
ratin g relativ e t o thos e tha t  ar e presente d a s unpacked , 
explici t  possibilities .  Th e latte r  tw o term s refe r  t o a 
phenomeno n labele d "explici t  subadditivity "  b y 
Rottenstreic h an d Tversk y (1997) .  I t  i s  include d t o 
illustrat e tha t  whe n probabilit y  rating s ar e assigne d t o 
alternative s on e a t  a  tim e b y independen t  subjects ,  thei r  su m 
i s typicall y greate r  tha n whe n th e sam e alternative s ar e 
explicitl y  presented ,  bu t  evaluate d a s a  whole .  Again , 
Rottenstreic h an d Tversk y argue d tha t  thi s i s s o becaus e th e 
amount  o f  suppor t  generate d i n favou r  o f  thos e alternative s 
increase s whe n the y ar e evaluate d independently . 

Al l  i n all ,  Suppor t  Theor y ha s ha d tremendou s success ; 
th e origina l  formulatio n a s wel l  a s th e extensio n publishe d 
by Rottenstreic h an d Tversk y hav e provide d goo d 
explanation s fo r  (a s wel l  a s prediction s of )  man y o f  th e 
inconsistencie s foun d betwee n subjectiv e probabilit y 
judgment s an d standar d probabilit y  theory .  I n addition , 
Suppor t  Theor y ha s bee n use d a s a  too l  i n attempt s t o 
furthe r  ou r  understandin g o f  decision s mad e durin g th e 
diagnosti c proces s (Eva ,  Brooks ,  Cunnington ,  an d Norman , 
Under  Review ;  Redelmeier ,  e t  al. ,  1995) . 

Ther e remains ,  however ,  anothe r  aspec t  o f  unpackin g 
which ,  t o ou r  knowledge ,  ha s no t  bee n addresse d b y an y o f 
th e previou s writings :  th e influenc e hel d b y th e alternative s 
tha t  ar e no t  explicitl y  evaluated .  A s i s evidence d b y 
Equation s 1  an d 2 ,  m u c h o f  th e wor k performe d i n thi s are a 
focuse s o n th e effec t  o f  packin g an d unpackin g specifi c 
alternatives .  Tversk y an d Koehle r  (1994 )  speculate d tha t 

th e amoun t  o f  suppor t  i n favou r  o f  an y on e alternativ e i s 
constraine d b y bot h memor y limitation s (i.e. ,  th e abilit y  t o 
recal l  possibl e alternatives )  an d attentiona l  captur e (i.e. ,  a n 
increase d salienc e a s a  resul t  o f  a n alternative' s explici t 
presentation) .  Maintainin g suc h a  focu s o n th e 
consideratio n o f  specifi c  alternative s leave s on e susceptibl e 
t o th e defaul t  assumptio n tha t  onl y explicitl y  considere d 
alternative s ar e influential .  Surely ,  however ,  ther e i s a  mor e 
generic ,  exemplar-fre e wa y o f  performin g frequency 
estimation s tha t  shoul d no t  b e ignored .  Jus t  a s on e ca n 
estimat e th e siz e o f  a  choi r  b y tryin g t o pic k ou t  multipl e 
specifi c  voices ,  th e volum e o f  th e choru s a s a  whol e mus t 
als o provid e valuabl e information .  Th e alternative s tha t  ar e 
explicitl y  presente d coul d possibl y provid e informatio n tha t 
ca n alte r  a  judge' s perceptio n regardin g th e numbe r  o f 
potentia l  altemative s tha t  migh t  b e generate d eve n withou t 
thei r  actua l  generation .  Tha t  is ,  th e altemative s themselve s 
impl y numerosity . 

Thi s possibilit y  i s  consisten t  wit h persona l  experienc e a s 
wel l  a s wit h discussio n hel d wit h experimenta l  participants . 
Ask yoursel f  th e questio n " H o w probabl e i s i t  tha t  Russi a 
host s th e world' s larges t  prison? "  Whil e highl y capabl e o f 
generatin g a  lon g lis t  o f  countries ,  man y o f  whic h woul d b e 
reasonabl e altemative s (includin g Chin a whic h is , 
incidentally ,  th e correc t  answer) ,  mos t  peopl e d o no t 
attemp t  t o d o s o spontaneously .  I n fact ,  Ev a e t  al .  (Unde r 
Review )  hav e foun d evidenc e tha t  eve n th e mos t  likel y 
altemative s i n a  diagnosti c decisio n tas k ma y no t  b e 
generate d (o r  a t  th e ver y least ,  ar e under-appreciated )  unles s 
explicitl y  mentioned .  Rather ,  a  mor e commonl y observe d 
patter n i s th e automati c consideratio n o f  th e explicitl y 
mentione d altemative s (o r  a t  most ,  1  o r  2  altemative s tha t 
ar e include d onl y implicitl y  ye t  com e t o min d quickly ) 
followe d b y som e vagu e consideratio n (i.e. ,  a  genera l 
impression )  o f  th e questio n a s a  whole .  I t  seem s unlikel y 
tha t  thi s discountin g o f  altemative s no t  explicitl y  mentione d 
i s du e t o lo w motivatio n durin g th e experimenta l  situatio n 
give n tha t  thi s strateg y ha s bee n observe d i n th e mos t 
dedicate d subject s a s wel l  a s durin g natura l  conversatio n 
wit h othe r  individuals .  Rather ,  whe n aske d t o evaluat e th e 
likelihoo d tha t  a  give n answe r  i s correct ,  o r  tha t  a  give n 
even t  migh t  occur ,  ther e seem s t o b e a  natura l  tendenc y t o 
make a  decisio n o n th e basi s o f  som e genera l  impressio n o f 
it s  probabilit y  rathe r  tha n throug h th e us e o f  specifi c 
comparison s o f  a  numbe r  o f  possibl e altematives . 

What  create s thi s "genera l  impression "  tha t  seem s t o b e 
drivin g th e response s give n b y subjects ? Give n tha t  peopl e 
do no t  expen d a  lo t  o f  effor t  generatin g additiona l 
altemative s t o compar e wit h th e explicitl y  give n 
altematives ,  wha t  determine s th e magnitud e o f  th e 
probabilitie s assigned ? W e propos e tha t  a n evaluatio n o f 
th e amoun t  o f  'support '  on e hold s i n favou r  o f  particula r 
altemative s i s influence d b y a  genera l  impressio n o f  th e siz e 
of  th e categor y judge s ar e bein g aske d t o evaluate .  W e tur n 
our  attentio n n o w t o a n evaluatio n o f  whethe r  thi s 
framewor k migh t  stil l  enabl e th e explanatio n o f  know n 
phenomena .  A s implie d numerosit y i s bein g propose d a s 
one mechanis m b y whic h 'support '  ca n b e generated ,  i t 
maintain s muc h o f  th e explanator y powe r  o f  Suppor t 
Theory . 
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n .  Explainin g K n o w n P h e n o m e n a 

Subadditivity 

As describe d earlier ,  Suppor t  Theor y predict s tha t 
unpackin g th e Foca l  hypothesi s wil l  resul t  i n a n increas e i n 
it s judge d probabilit y  wherea s unpackin g th e alternativ e 
hypothesi s shoul d resul t  i n a  decreas e i n th e judge d 
probabilit y  o f  th e Focal .  Tha t  is ,  implici t  subadditivit y 
require s tha t  th e explici t  presentatio n o f  "pneumonia , 
cancer ,  an d myocardia l  infarctio n (M I ) "  caus e th e Foca l 
hypothesi s 'natura l  cause s o f  death '  t o b e assigne d a  highe r 
probabilit y  rating .  A n implie d numerosit y framework 
woul d mak e th e sam e predictions ,  bu t  fo r  a  differen t  reason . 
The argumen t  woul d b e tha t  unpackin g th e Foca l 
hypothesi s cause s th e categor y 'natura l  cause s o f  death '  t o 
see m large r  withi n th e superordinat e categor y 'cause s o f 
death '  relativ e t o whe n th e disorder s remai n implicit .  I f  a 
categor y i s  perceive d a s bein g larger ,  the n assignin g i t  a 
greate r  probabilit y a s a  whol e i s a  perfectl y rationa l  action ; 
an actio n tha t  i s consisten t  wit h standar d probabilit y  theor y 
as wel l  a s wit h th e empirica l  result s foun d throughou t  th e 
literature .  Th e convers e o f  this ,  an d th e latte r  hal f  o f  th e 
abov e prediction ,  i s  tha t  unpackin g th e alternativ e 
hypothesi s b y explicitl y  namin g aut o accidents ,  fires,  o r 
drownin g a s unnatura l  cause s o f  deat h shoul d reduc e th e 
probabilit y  assigne d t o 'natura l  cause s o f  death '  (Tversk y 
and Koehler ,  1994) .  Again ,  w e woul d argu e tha t  suc h a n 
unpackin g cause s th e categor y 'unnatura l  cause s o f  death '  t o 
appea r  large r  withi n th e superordinat e categor y 'cause s c f 
death '  relativ e t o w h e n thes e alternative s remai n implicit . 
As a  result ,  th e probabilit y  assigne d t o 'natura l  cause s o f 
death '  a s a  whol e shoul d b e smaller . 

The secon d typ e o f  unpacking ,  explici t  subadditivity , 
suggest s tha t  th e s u m o f  disjoin t  components ,  w h e n judge d 
independently ,  receiv e a  probabilit y  ratin g greate r  tha n o r 
equa l  t o th e ratin g assigne d t o al l  component s whe n 
evaluate d a s a n explici t  disjunction .  T o exten d th e abov e 
example ,  bein g aske d t o assig n a  probabilit y t o dyin g o f 
pneumonia ,  cance r  o r  M I ,  shoul d resul t  i n a  lowe r 
probabilit y  ratin g tha n th e s u m o f  pneumonia ,  cance r  an d 
Ml  whe n eac h ar e evaluate d independently .  Supportiv e 
empirica l  evidenc e wa s presente d b y Rottenstreic h an d 
Tversk y (1997) .  Usin g th e curren t  framework,  th e explici t 
presentatio n o f  pneumonia ,  cancer ,  an d M I  togethe r  shoul d 
caus e th e categor y 'natura l  cause s o f  death '  t o appea r  large r 
relativ e t o whe n pneumoni a i s presente d b y itsel f  So ,  an y 
one alternativ e withi n th e categor y 'natura l  cause s o f  death ' 
shoul d receiv e a  lowe r  probabilit y  ratin g i n th e forme r  cas e 
relativ e t o th e latter .  A s a  result ,  w e woul d expec t 
pneumonia ,  cancer ,  an d M I  t o receiv e large r  probabilit y 
rating s whe n presente d independentl y an d s u m m e d ,  relativ e 
t o whe n al l  ar e presente d together . 

Binary Complementarity 

Tversk y an d Koehle r  (1994 )  argue d tha t  th e su m o f 
probabilitie s assigne d t o alternative s tha t  ar e judge d i n a 
binar y manne r  (i.e. ,  whe n a  give n alternativ e i s judge d i n 
relatio n t o it s complement )  shoul d su m t o one .  Tha t  is , 
thes e type s o f  judgment s shoul d b e additiv e rathe r  tha n 

subadditive .  Fo r  example ,  whe n aske d th e wee k befor e 
Super  Bow l  XXXl l I  i f  Denve r  wil l  wi n o r  i f  Atlant a wil l 
win ,  independen t  judgment s shoul d su m approximatel y t o 
1.0 .  Thi s woul d als o b e predicte d usin g th e implie d 
numerosit y framework  outline d her e a s ever y instanc e o f  th e 
categor y bein g evaluate d i s  explicitl y  k n o w n regardles s o f 
whethe r  on e i s aske d t o assig n a  probabilit y t o Denve r  o r 
Atlanta .  Evaluatin g on e o r  th e othe r  ca n no t  chang e th e 
perceptio n o f  categor y siz e an d s o estimate s ar e fairl y  stabl e 
and consisten t  wit h standar d probabilit y  theory . 
Preliminar y evidenc e ha s bee n gathere d i n suppor t  o f  thi s 
clai m an d wil l  b e describe d briefl y i n sectio n III . 

Strength of Alternatives Effect 

A n issu e no t  addresse d b y an y o f  th e precedin g wor k o n 
subjectiv e probabilit y  i s  th e rol e playe d b y th e prevalenc e / 
plausibilit y  o f  th e unpacke d alternative s themselves .  Whil e 
Suppor t  Theor y doe s no t  m a k e an y specifi c  prediction s 
regardin g thi s factor ,  manipulatin g th e probabilit y o f  th e 
alternative s ha s th e potentia l  t o yiel d thre e ver y differen t 
results .  (1 )  I f  m e m o r y an d salienc e ar e th e sol e cause s o f  th e 
subadditivit y phenomenon ,  on e migh t  expec t  tha t  th e mor e 
likel y th e alternatives ,  th e leas t  effec t  the y shoul d hav e o n 
people' s probabilit y  judgments .  Highl y probabl e 
alternative s ar e th e one s tha t  shoul d c o m e t o min d mos t 
readil y an d tha t  shoul d b e considere d wit h th e greates t  care . 
As a  result ,  th e mos t  likel y alternative s shoul d influenc e 
probabilit y  judgment s eve n w h e n no t  mentione d explicitly . 
(2 )  I f  ther e i s relativ e constanc y i n th e degre e t o whic h th e 
salienc e o f  a n ite m increase s upo n it s explici t  presentation , 
the n w e woul d expec t  th e sam e amoun t  o f  subadditivit y 
regardles s o f  th e unpacke d item' s prio r  probability .  (3 )  A n 
inversel y proportiona l  relationshi p migh t  b e foun d i n whic h 
th e decreas e i n probabilit y  assigne d t o th e Foca l  diagnosi s 
(i.e. ,  th e siz e o f  th e unpackin g effect )  increase s wit h th e 
plausibilit y  o f  th e alternatives .  Th e latte r  possibilit y  woul d 
be predicte d i f  implie d numerosit y i s playin g a  rol e i n ou r 
probabilit y  judgments ;  th e mor e likel y an y give n alternativ e 
is ,  th e large r  influenc e i t  shoul d hav e o n perceptio n o f 
categor y siz e (i.e. ,  makin g i t  see m tha t  a  greate r  numbe r  o f 
potentia l  alternative s coul d b e plausible )  an d henc e th e 
smalle r  th e probabilit y  shoul d b e assigne d t o an y singl e 
alternative . 

Thi s latte r  patter n i s indee d wha t  wa s observe d b y Eva , 
Brooks ,  Cunnington ,  an d N o r m a n (Unde r  Review) . 
Medica l  student s an d Motiv e Technolog y Student s wer e 
show n briefcas e historie s relevan t  t o thei r  field  o f  stud y an d 
aske d t o evaluat e th e probabilit y o f  tha t  cas e bein g 
representativ e o f  eac h diagnosi s i n th e presente d list .  O n 
average ,  th e ratin g o f  th e Foca l  hypothesi s decrease d whe n 
th e Residua l  alternativ e wa s unpacke d eve n whe n th e 
unpacke d alternative s wer e considere d Implausibl e b y exper t 
rater s -  a  findin g consisten t  wit h Suppor t  Theory .  Als o 
consistent ,  bu t  no t  predicte d b y Suppor t  Theor y wa s th e 
finding  o f  th e "strengt h o f  alternative s effect. "  I t  wa s foun d 
tha t  th e magnitud e o f  th e probabilit y  assigne d t o th e Foca l 
diagnosi s wa s inversel y proportiona l  t o th e probabilit y o f 
th e alternative s explicitl y  presented . 
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O t h e r  Effect s o f  Con tex t  o n J u d g m e n t s 

Withi n thi s framework ,  biase s i n probabilit y  judgment s 
become consisten t  wit h numerou s othe r  finding s i n 
Psycholog y -  thos e tha t  hav e reveale d tha t  a  chang e o f 
contex t  ca n ahe r  th e w a y i n whic h w e perceiv e an d evaluat e 
a problem .  Studie s o f  hindsigh t  i n bot h psycholog y (se e 
Hawkin s an d Hastie ,  199 0 fo r  a  review )  an d medicin e (Arke s 
et .  al. ,  1981 )  hav e reveale d tha t  peopl e w h o k n o w a n even t 
occurre d ten d t o believ e falsel y tha t  the y woul d hav e 
predicte d th e reporte d event .  Teige n (1983 )  presente d 
subject s wit h myster y storie s an d varie d th e number ,  an d 
th e role ,  o f  character s w h o m a y hav e committe d th e murder . 
Hi s result s suggeste d tha t  th e degre e o f  suspicio n draw n 
agains t  on e perso n ha d profoun d implication s fo r  th e 
evaluatio n o f  th e othe r  character s -  probabilit y  estimatio n 
was seemingl y no t  don e i n isolatio n from  th e alternative s 
themselves .  Similarly ,  No rman ,  LeBlanc ,  an d Brook s (I n 
Press )  hav e show n tha t  th e feature s notice d b y medica l 
student s i n classi c patien t  photograph s ar e highl y dependen t 
on th e diagnosi s student s hav e i n mind .  Wit h knowledg e 
of  thes e prio r  studies ,  i t  seem s reasonabl e t o believ e tha t 
contex t  woul d pla y a  rol e i n ou r  perceptio n o f  categor y siz e 
as well .  Thi s bein g th e case ,  implie d numerosit y i s 
consisten t  wit h th e unpackin g effect s describe d b y Suppor t 
Theory .  I n additio n though ,  thi s framework  make s nove l 
prediction s regardin g th e magnitud e o f  th e unpackin g effec t  -
prediction s tha t  ar e supporte d b y th e dat a presente d her e a s 
wel l  a s anothe r  dat a se t  tha t  wil l  b e outline d cursorily ,  bu t 
presente d i n detai l  elsewhere . 

m. Testing Novel Predictions 

Magnitude of the Unpacking Effect 

Th e firs t  predictio n teste d b y th e curren t  stud y i s tha t  th e 
siz e o f  th e categor y require d t o includ e al l  unpacke d 
alternative s should  systematicall y alte r  th e magnitud e o f  th e 
unpackin g effect .  Thi s wil l  b e illustrate d b y th e us e o f  a n 
example .  Conside r  agai n th e questio n "wha t  countr y host s 
th e larges t  priso n i n th e world? "  I f  subject s ar e sensitiv e t o 
implie d numerosity ,  the n th e decreas e i n th e probabilit y 
assigne d t o th e Foca l  alternativ e (Russia )  shoul d b e greate r 
i f  th e Residua l  i s  unpacke d int o alternative s whic h includ e 
countrie s from  al l  ove r  th e worl d (Unite d State s an d 
Australia )  relativ e t o w h e n th e unpacke d alternative s ar e al l 
Asia n countrie s (Chin a an d Japan) .  Th e categor y siz e (i.e. , 
th e numbe r  o f  possibl e alternatives )  i n th e latte r  i s  smaller , 
so an y individua l  countr y shoul d receiv e a  large r  probabilit y 
rating ,  creatin g les s o f  a  dro p i n th e ratin g o f  th e Foca l 
hypothesi s relativ e t o whe n th e Foca l  hypothesi s i s 
presente d o n it s o w n (i.e. ,  th e packe d condition) . 

Th e secon d predictio n i s tha t  i f  th e alternative s whic h ar e 
unpacke d ar e hel d constant ,  the n ther e shoul d b e a  greate r 
unpackin g effec t  th e smalle r  th e packe d categor y i s perceive d 
t o be .  Th e smalle r  a  categor y i s perceive d t o be ,  th e greate r 
shoul d b e th e probabilit y  assigne d t o an y on e alternative , 
and s o th e greate r  th e effec t  shoul d b e upo n unpackin g 
additiona l  alternatives .  Providin g a  hin t  tha t  th e countr y 
whic h host s th e larges t  priso n i n th e worl d i s i n Asi a 
shoul d serv e t o reduc e th e siz e o f  th e categor y o f  focu s i n th e 

packe d condition .  Therefore ,  whe n a  hin t  i s  given ,  Russi a 
should  receiv e a  large r  probabilit y  ratin g ~  an d unpackin g 
int o Chin a an d Japa n shoul d resul t  i n a  greate r  differenc e i n 
probabilit y  rating s -  relativ e t o whe n n o hin t  i s  given . 

IMethodology 25 undergraduate Psychology students were 
presente d wit h 5 0 trivi a question s an d aske d t o evaluat e 
what  percentag e o f  peopl e the y though t  woul d generat e 
particula r  answer s i n respons e t o bein g aske d eac h question . 
Participant s wer e aske d t o assig n a  numbe r  betwee n 0  an d 
100 t o eac h alternativ e an d tol d tha t  th e inclusio n o f  a n "ai l 
othe r  alternatives "  optio n shoul d resul t  i n th e number s 
summin g t o 10 0 fo r  eac h question .  The y wer e als o tol d 
tha t  th e correc t  answe r  wa s no t  necessaril y  presented ,  s o no t 
t o mak e tha t  assumption .  Finally ,  fo r  th e purpos e o f  a 
manipulatio n check ,  subject s wer e aske d o n eac h questio n t o 
assig n a  numbe r  estimatin g h o w m a n y potentia l  alternative s 
migh t  possibl y b e generated . 

Tabl e 1  illustrates ,  usin g a n example ,  th e 5  experimenta l 
condition s describe d below .  Trivi a question s wer e 
presente d i n 1  o f  5  condition s al l  o f  whic h ha d a  Foca l 
hypothesi s consistentl y presented :  (1 )  a  Larg e Categor y 
(i.e. ,  n o hint )  Packe d conditio n (LP) ,  (2 )  A  Smal l  Categor y 
(i.e. ,  hin t  given )  Packe d Conditio n (SP) ,  (3 )  a  Larg e 
Categor y Unpacke d Simila r  Conditio n (LUS )  i n whic h th e 
alternative s tha t  wer e unpacke d wer e al l  from a  relativel y 
smal l  category ,  (4 )  a  Larg e Categor y Unpacke d Dissimila r 
Conditio n ( L U D )  i n whic h th e unpacke d alternative s cam e 
from  a  wid e rang e o f  possibl e alternatives ,  an d finally,  (5 )  a 
Smal l  Categor y Unpacke d Conditio n (SU )  i n whic h th e 
alternative s wer e th e sam e a s i n th e L U S condition .  Onl y 
th e Foca l  alternativ e wa s presente d i n th e Packe d condition s 
whil e thre e alternatives ,  includin g th e Focal ,  wer e presente d 
i n al l  unpacke d cases . 

Table 1: Example question illustrating five conditions 

"Which country saw the invention of the bicycle?" 

Conditio n 

Larg e Packe d 

Smal l  Packe d 

Larg e Unpacke d 
Simila r 

Larg e Unpacke d 
Dissimila r 

Smal l  Unpacke d 

Hin t 

It' s  i n 
Europ e 

It' s  i n 
Europ e 

Alternative s 

France , 
"Al l  othe r  countries " 

France , 
"Al l  othe r  Europea n countries " 

France ,  England ,  Germany , 
"Al l  othe r  countries " 

France ,  U.S.A. ,  Taiwan , 
"Al l  othe r  countries " 

France ,  England ,  Germany , 
"Al l  othe r  Europea n countries " 

Result s Figure s 1  an d 2  illustrat e th e score s assigne d t o th e 
Foca l  diagnosi s i n eac h conditio n average d acros s 4 9 
question s -  on e questio n wa s droppe d from  analysi s a s a n 
erro r  wa s foun d i n th e alternative s lis t  presented. '  Figur e 1 
show s that ,  a s predicte d b y Suppor t  Theory ,  th e probabilit y 

Erro r  bar s represen t  Standar d Erro r  o f  th e Mea n 
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assigne d t o th e Foca l  diagnosi s wa s highe r  i n th e Packe d 
Conditio n tha n i n eithe r  Unpacke d conditions . 
Furthermore ,  a s th e implie d numerosit y framework 
predicted ,  th e decreas e i n th e probabilit y  assigne d t o th e 
Foca l  i s  greate r  whe n th e alternative s ar e Dissimila r  (i.e. , 
take n from a  larg e category )  relativ e t o w h e n th e unpacke d 
alternative s ar e Simila r  (i.e. ,  from a  smalle r  category) .  Th e 
differenc e score s (L P -  L U S vs .  L P -  L U D )  ar e statisticall y 
significan t  ( p <  0.03 )  usin g a  repeate d measures ,  two-taile d 
t-tes t  wit h questio n a s th e uni t  o f  analysis . 

Larg e Packe d Larg e I  npackc d 
Simila r 

Larg e Lnparke d 
Dissimila r 

Figur e 1 :  M e a n estimate d P r  (Foca l  alternative ) 

Figure 2 reveals that the second prediction made by the 
curren t  framewor k wa s als o observed .  Keepin g th e unpacke d 
alternative s constant ,  bu t  varyin g th e siz e o f  th e categor y o f 
focu s i n th e Packe d conditio n resulte d i n a  large r  unpackin g 
effec t  whe n th e categor y siz e i n th e Packe d conditio n wa s 
smal l  (S P -  S U )  relativ e t o w h e n th e categor y siz e o f  th e 
Packe d conditio n wa s larg e (L P -  L U S ) .  Thi s diflFerenc e 
was significan t  ( p <  0.05 )  usin g th e sam e analysi s a s above . 
I t  ca n als o b e observe d i n Figur e 2  tha t  th e diflFerenc e i n th e 
tw o unpackin g effect s resulte d from  a n increas e i n th e 
probabilit y  assigne d t o th e Foca l  diagnosi s i n th e Smal l 
categor y Packe d condition .  Thi s wa s als o predicte d b y th e 
imple d numerosit y framework,  becaus e th e similarit y c f 
score s i n th e tw o Unpacke d condition s i s t o b e expecte d i f 
th e manipulatio n o f  unpackin g int o simila r  alternative s ha d 
th e sam e effec t  a s providin g a  hin t  whil e askin g th e 
question .  Tha t  is ,  i t  appear s t o b e tru e tha t  th e alternative s 
presente d lea d th e judg e t o focu s o n a  categor y o f  sufficien t 
siz e t o encompas s al l  explicitl y  mentione d alternative s an d 
nothin g more .  I n additio n t o thi s bein g viewe d a s a 
manipulatio n check ,  th e simila r  rating s i n thes e tw o 
condition s als o rule s ou t  th e possibilit y  tha t  th e highe r 
probabilit y  assigne d t o th e Foca l  diagnose s i n th e Smal l 
Packe d conditio n relativ e t o th e Larg e Packe d conditio n 
resulte d solel y from  a n increas e i n confidenc e a s a  resul t  o f 
havin g bee n give n a  hint . 

The Ratio Rule 

As describe d i n th e sectio n entitle d "Binar y 
complementarity, "  th e implie d numerosit y framework 
suggest s tha t  probabilit y  judgment s wil l  sho w additivit y 
when ever y alternativ e i s k n o w n befor e estimate s ar e 
provided .  I f  al l  alternative s ar e known ,  the n changin g th e 
alternativ e presente d ca n no t  influenc e th e contextuall y 
determine d perceptio n o f  numbe r  o f  potentia l  alternatives . 

Althoug h th e result s ar e preliminar y an d a s suc h wil l  no t  b e 
presente d i n an y detail ,  th e author s hav e use d th e Rati o 
Rul e espouse d b y Tversk y an d Koehle r  (1994 )  an d 
elaborate d o n b y Rottenstreic h an d Tversk y (1997 )  a s a 
measur e o f  th e consistenc y o f  subjects '  probabilit y  ratings . 
As predicte d b y th e curren t  framework,  i t  appear s tha t  th e 
critica l  determinan t  i n whethe r  o r  no t  th e behavioura l  dat a 
satisfie s th e rul e i s whethe r  o r  no t  judge s hav e a n 
appreciatio n o f  th e siz e o f  th e entir e sampl e se t  befor e 
evaluatin g th e probabilit y  o f  an y pai r  o f  alternatives .  Tha t 
is ,  onl y w h e n ther e i s n o chang e i n th e numbe r  o f  potentia l 
alternative s ar e probabilit y  rating s consisten t  wit h th e rule s 
inheren t  i n standar d probabilit y  theory .  Thi s wil l  b e 
expounde d upo n a t  a  late r  dat e -  i t  i s  mentione d her e simpl y 
t o foreshado w fiorther  suppor t  fo r  th e implie d numerosit y 
fi:amework. 

Larg e Packe d Larg e 
Inpackc d 

.Simila r 

Small  Packe d Small 
Lnpacke d 

Figure  2 :  M e a n estimate d P r  (Foca l  alternative ) 

Discussion 

Lik e Cosmide s an d Toob y (1995) ,  w e propos e tha t  human s 
m ay b e goo d intuitiv e statistician s afte r  all .  I t  i s  a  rationa l 
act  t o assig n a  probabilit y  o n th e basi s o f  th e numbe r  o f 
potentia l  alternative s ~  al l  els e bein g equal ,  th e mor e 
alternative s ther e are ,  th e lowe r  th e likelihoo d tha t  an y on e 
alternativ e wil l  b e correct .  Unlik e Cosmide s an d Tooby , 
we d o no t  fee l  tha t  th e phenomen a observe d i n m u c h o f  th e 
judgmen t  unde r  uncertaint y literatur e i s simpl y a  number s 
g a me tha t  result s from a  poo r  conceptualizatio n c f 
probabilities .  Rather ,  w e argu e tha t  th e systemati c 
variation s foun d i n probabilit y  judgment s aris e a s a  resul t  c f 
conception s bein g altere d b y th e w a y i n whic h question s ar e 
aske d o r  b y th e numbe r  o f  alternative s tha t  on e i s explicitl y 
aske d t o evaluate .  Th e presentatio n o f  specifi c  alternative s 
not  onl y influence s th e suppor t  i n favou r  o f  thos e 
alternatives ,  bu t  ca n als o driv e people' s impression s o f  th e 
number  o f  potentia l  alternative s tha t  the y hav e no t 
considere d explicitly .  A  physicia n w h o i s aske d t o evaluat e 
a medica l  cas e fo r  th e presenc e o f  tw o specifi c  infectiou s 
disorder s migh t  perceiv e th e proble m differentl y tha n on e 
w ho i s aske d t o evaluat e th e sam e proble m vi a th e 
consideratio n o f  a n infectiou s disorde r  an d a  geneti c defect . 
Eve n i f  additiona l  alternative s ar e no t  explicitl y  considered , 
th e tw o physicians '  sense s a s t o th e numbe r  o f  plausibl e 
alternativ e diagnose s tha t  exis t  i s  likel y ver y different ,  bu t 
nonetheles s potentiall y  influentia l  i n bot h cases . 

As ha s hopefull y bee n m a d e clear ,  w e ar e no t  arguin g tha t 
implie d numerosit y i s th e onl y facto r  influencin g ou r 
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probabilit y  judgments .  O n th e contrary ,  Suppor t  Theorist s 
hav e show n tha t  a  mor e explici t  consideratio n o f  specifi c 
alternative s i s ver y influential .  I n addition ,  usin g a  Proces s 
Dissociatio n Procedure ,  Begg ,  Faulkne r  an d Jacob y 
(Unpublishe d Manuscript )  hav e demonstrate d t o ou r 
satisfactio n tha t  frequency  discrimination s ar e aflFecte d b y 
bot h automati c an d controlle d processe s suc h a s availabilit y 
and memor y fo r  frequency,  respectively .  W e speculat e tha t 
implie d numerosit y act s i n a  mor e automati c wa y i n tha t  i t 
i s  no t  expecte d tha t  judge s consciousl y evaluat e th e numbe r 
of  alternative s tha t  migh t  b e considere d plausibl e befor e 
transformin g th e resul t  int o a  probabilit y  judgmen t  o r 
frequency  estimation .  Regardles s o f  whethe r  o r  no t  thi s i s 
th e case ,  ther e remai n a t  leas t  tw o possibl e mechanism s 
throug h whic h judge s migh t  b e sensitiv e t o implie d 
numerosity . 

I t  ha s bee n argue d throughou t  thi s pape r  tha t  th e 
alternative s explicitl y  mentione d creat e a  contex t  throug h 
whic h judge s gai n a  genera l  impressio n o f  th e numbe r  o f 
possibl e alternative s tha t  exist .  A  secon d possibl e 
interpretatio n o f  th e result s presente d i s tha t  th e explici t 
mentio n o f  example s tha t  constitut e a  relativel y larg e 
categor y cu e mor e additiona l  alternative s tha n d o example s 
tha t  constitut e a  smalle r  category .  Th e latte r  possibilit y 
seems unlikel y fo r  tw o reasons .  First ,  a s mentione d earlier , 
Eva e t  al .  hav e presente d evidenc e whic h suggest s tha t  eve n 
judge s w h o hav e bee n traine d t o generat e list s o f  differentia l 
diagnose s ma y fai l  t o brin g t o min d eve n highl y likel y 
alternative s i f  the y ar e no t  explicitl y  mentioned .  Second , 
researcher s examinin g concep t  formatio n (e.g. ,  McRae ,  d e 
Sa,  an d Seidenberg ,  1997 )  ofte n op t  t o us e large r  categor y 
decisio n task s (e.g. ,  superordinat e descriptor s suc h a s "i s i t 
a livin g thing" )  s o a s t o avoi d cuein g specifi c  exemplars . 
Jare d an d Seidenbur g (1992 )  foun d tha t  narrowe r  decisio n 
task s (e.g. ,  "i s  i t  a  bird" )  wer e inappropriate ,  becaus e the y 
wer e mor e likel y t o cu e specifi c  exemplars .  I f  thi s i s th e 
case ,  the n a  greate r  amoun t  o f  spontaneou s unpackin g woul d 
hav e bee n expecte d i n th e "smal l  category "  conditio n 
relativ e t o th e "larg e category "  condition ,  thereb y resultin g 
i n prediction s opposit e t o th e one s verifie d i n thi s paper . 
Furthermore ,  i n observin g experimenta l  participants ,  i t 
appear s unlikel y tha t  frequency  estimation s consis t  o f  a 
systemati c searc h throug h multipl e possibl e alternatives . 
Rather ,  w e argu e tha t  th e informatio n gaine d throug h 
implie d numerosit y consist s o f  th e creatio n o f  a  genera l 
impressio n o f  th e siz e o f  th e categor y unde r  consideration , 
thereb y modulatin g th e perceive d probability . 
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