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Abstrac t 

Instead of subscribing to the view that people are 
unabl e t o perfor m Bayesia n probabilisti c  inference , 
recen t  researc h suggest s tha t  th e algorithm s peopl e 
naturall y us e t o perfor m Bayesia n inferenc e ar e bette r 
adapte d fo r  informatio n presente d i n a  natura l 
frequenc y forma t  tha n i n th e c o m m o n probabilit y 
format .  W e teste d thi s hypothesi s o n th e notoriousl y 
difficul t  thre e door s problem ,  inducin g subject s t o 
conside r  th e likelihood s involve d i n term s o f  natura l 
frequencie s o r  i n term s o f  probabilities .  W e the n 
examine d thei r  abilit y t o perfor m th e mathematic s 
underlyin g th e problem ,  a  stronge r  indicatio n o f 
Bayesia n inferentia l  performanc e tha n merel y whethe r 
the y gav e th e correc t  answe r  t o th e problem .  Wit h a 
robustnes s tha t  ma y surpris e peopl e unfamilia r  wit h 
th e effect s o f  informatio n formats ,  th e natura l 
frequenc y grou p demonstrate d dramaticall y greate r 
normativ e mathematica l  performanc e tha n th e 
probabilit y  group .  Thi s support s th e importanc e o f 
informatio n format s i n a  mor e comple x contex t  tha n 
i n previou s studies . 

Introduction 

Undeniably ,  reasonin g wit h probabilitie s ca n b e difficul t  fo r 
people .  Thi s i s no t  becaus e suc h reasonin g i s unstudie d o r 
impossible ;  ther e i s a  well-establishe d mathematic s o f  cor -
rec t  probabilisti c  reasoning ,  an d w e us e th e ter m Bayesia n 
inferenc e (name d afte r  Thoma s Baye s (1702(?)-1761) )  t o refe r 
t o a  normativ e inferenc e tha t  agree s wit h thi s framework . 
Nonetheless ,  cognitiv e scienc e i s ric h wit h demonstration s 
of  people' s failure s t o reaso n accordin g t o Bayesia n norm s 
when presente d wit h man y kind s o f  non-trivia l  probabilisti c 
reasonin g problems .  I n a n influentia l  summat ion , 
Kahneman &  Tversk y (1972 )  tak e a  pessimisti c stance , 
concludin g "I n hi s evaluatio n o f  evidence ,  m a n i s apparentl y 
not  a  conservativ e Bayesian :  h e i s no t  a  Bayesia n a t  all. " 

Recently ,  however ,  Gigerenze r  (i n press ;  Gigerenze r  & 
Hoffrage ,  1995 ;  Hoffrag e &  Gigerenzer .  1996 )  ha s suggeste d 
an explanatio n fo r  h u m a n performanc e o n thes e task s 
withou t  claimin g tha t  peopl e lac k th e abilit y  t o functio n a s 
Bayesia n agents .  Peopl e d o hav e method s o r  algorithm s fo r 
reasonin g abou t  probabilities ,  bu t  a s human s evolve d ove r 
th e ages ,  th e algorithm s fo r  Bayesia n reasonin g wer e no t 
expose d t o informatio n expresse d a s probabilities .  Instead , 
peopl e gathere d informatio n a s i t  cam e t o them ,  on e even t  a t 
a tim e an d no t  wit h th e collectiv e informatio n abou t  a  se t  o f 
event s tha t  probabilitie s woul d give .  Thus ,  Gigerenze r  sug -

gest s i n hi s framewor k o f  Ecologica l  Intelligenc e tha t  peo -
ple' s Bayesia n algorithm s ar e adapte d fo r  natura l  frequencie s 
(e.g. ,  "ou t  o f  16 0 coi n tosses ,  8 0 lande d heads" )  a s oppose d 
t o th e probabilitie s (e.g. ,  " 5 0 % o f  th e coi n tosse s lande d 
heads" )  i n whic h informatio n i s traditionall y presente d i n 
studie s tha t  produc e anti-normativ e evidence .  Thi s differenc e 
betwee n informatio n format s m a y no t  see m dramatic ,  bu t  i n 
some context s i t  ca n hav e importan t  effects . 

A n exampl e take n fro m Gigerenze r  (i n press )  demon -
strate s th e powe r  o f  presentin g informatio n i n a  natura l  fre -
quenc y forma t  a s oppose d t o a  probabilit y  format .  Conside r 
a physicia n w h o jus t  discovere d tha t  a  symptom-fre e w o m a n 
betwee n 4 0 an d 5 0 year s ol d ha s ha d a  positiv e m a m m o g r a m 
i n a  routin e breas t  cance r  screening .  H e need s t o advis e hi s 
patien t  abou t  th e ba d new s an d wha t  t o d o next ,  an d a  firs t 
ste p i s estimatin g th e likelihoo d o f  th e patien t  actuall y hav -
in g breas t  cancer .  Fortunately ,  h e know s al l  th e relevan t 
informatio n (presente d her e a s i n Gigerenze r  (i n press)) : 

The probabilit y  tha t  a  woma n ha s breas t  cance r  i s 1 % i f  sh e i s 
i n th e sam e ris k grou p a s thi s patient . 

I f  a  woma n ha s breas t  cancer ,  th e probabilit y  i s  8 0 % tha t  sh e 
wil l  hav e a  positiv e mammogram. 

I f  a  woma n doe s nfl t  hav e breas t  cancer ,  th e probabilit y i s 
1 0 % tha t  sh e wil l  stil l  hav e a  positiv e mammogram. 

He can then ask himself: 

Imagin e a  woma n (age d 4 0 t o 50 ,  n o symptoms )  wh o ha s a 
positiv e m a m m o g r a m i n you r  breas t  cance r  screening . 
What  i s th e probabilit y  tha t  sh e actuall y ha s breas t  cancer ? 

Unfortunately ,  a  stud y o f  2 4 physician s don e b y Gigerenze r 
& Hoffrag e (Gigerenzer ,  i n press ;  Hoffrag e &  Gigerenzer , 
1996 )  showe d that ,  unde r  thes e conditions ,  physician s fre -
quentl y mis-estimat e th e probabilit y  o f  a  patien t  havin g can -
cer  b y nearl y a  ful l  orde r  o f  magnitude .  Th e media n estimat e 
of  actua l  breas t  cance r  afte r  a  positiv e m a m m o g r a m wa s 
7 0 %.  However ,  th e correc t  Bayesia n estimat e i s 7.7% ,  an d 
onl y 2  ou t  o f  th e 2 4 physician s ( 8% )  gav e tha t  response . 

I n th e sam e study ,  2 4 othe r  physician s wer e give n th e 

same estimatio n task ,  bu t  the y wer e give n th e informatio n 
i n a  frequenc y format ,  a s show n here : 

Ten out of every 1 ,(XK) women have breast cancer. 
Of  thes e 1 0 wome n wit h breas t  cancer ,  8  wil l  hav e a  positiv e 

mammogram. 
Of  th e remainin g 99 0 wome n withou t  breas t  cancer ,  9 9 wil l 

stil l  hav e a  positiv e mammogram. 
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Imagin e a  sampl e o f  w o m e n (age d 4 0 t o 50 ,  n o symptoms ) 
who hav e positiv e mammograms i n you r  breas t  cance r 
screening .  H o w man y o f  thes e wome n d o actuall y hav e 
breas t  cancer ? ou t  o f 

With this frequency foimat presentation, 11 out of 24 physi-
cian s (46% )  gav e th e correc t  estimate ,  a  dramati c improve -
ment  ove r  th e 8 % o f  physician s i n th e probabilit y  forma t 
case .  I t  doe s see m tha t  informatio n forma t  ca n affec t  doctors ' 
abilit y t o perfor m Bayesia n inferenc e abou t  issue s o f  grea t 
importanc e t o themselve s an d thei r  patients . 

I n general ,  cognitiv e algorithm s fo r  Bayesia n probabilisti c 
reasonin g m a y b e tune d fo r  a  natura l  frequenc y forma t  rathe r 
tha n a  probabilit y  format .  Severa l  studie s suc h a s th e on e 
presente d abov e see m t o suppor t  thi s hypothesi s 
(Gigerenzer ,  i n press) .  W e furthe r  teste d i t  b y considerin g a 
difficul t  puzzle ,  th e notoriou s thre e door s problem ,  a  tas k 
not  necessaril y  nativ e t o an y particula r  profession .  I n tha t 
context ,  w e investigate d whethe r  a  differenc e i n informatio n 
forma t  affecte d th e abilit y o f  subject s t o perfor m a  correc t 
analysi s o f  th e likelihood s underlyin g th e problem . 

The Three Doors Problem 

The thre e door s proble m (als o calle d th e Mont y Hal l 
problem )  (Granber g &  Brown ,  1995 ;  Selvin ,  1975a ;  Selvi n 
1975b )  ha s bee n know n a s a  difficul t  tas k sinc e it s introduc -
tio n a s th e mathematicall y equivalen t  thre e prisoner s prob -
le m (Gardner ,  1959a ;  Gardne r  1959b) ,  a  tas k o n whic h peo -
pl e typicall y fai l  t o behav e a s normativ e Bayesians .  I n fact , 
peopl e choos e th e incorrec t  answe r  t o th e proble m so  fre -
quentl y tha t  i t  ha s bee n use d a s a  scenari o i n whic h on e ca n 
study  regre t  ove r  makin g a  losin g decisio n (Gilovich , 
Medvec &  Che n 1995) .  I t  recentl y enjoye d a  resurgenc e i n 
popula r  interes t  du e t o a  serie s o f  column s i n Parad e 
Magazin e (vo s Savant ,  1990a ,  1990b ,  1991a ,  1991b )  an d 
relate d storie s i n publication s includin g th e N e w Yor k 
Time s (Tiemey ,  1991) .  I t  ca n b e concisel y presente d a s a 
multi-par t  gam e involvin g a  player ,  a  host ,  an d thre e room s 
behin d close d doors .  I n on e roo m i s a  valuabl e prize ,  a  car ; 
i n th e othe r  two ,  somethin g nearl y valueless ,  a  penny .  I n 
par t  1  o f  th e game ,  th e playe r  select s a  door ,  whic h stay s 
closed .  I n par t  2 ,  th e hos t  open s on e o f  th e othe r  tw o door s 
t o revea l  a  penn y behin d it .  I n par t  3 ,  th e playe r  i s offere d 
th e chanc e t o sta y wit h th e initiall y  chose n doo r  o r  switc h t o 
th e remainin g unopene d door ,  an d th e playe r  keep s whateve r 
i s behin d th e doo r  finall y selecte d i n par t  3 .  Th e problem :  I n 
par t  3 ,  shoul d th e playe r  sta y o r  switch ? 

I t  ha s bee n consistentl y presume d tha t  peopl e wil l  us e th e 
followin g two-stage  analysis :  W h e n th e playe r  make s th e 
choic e i n stag e one ,  h e ha s a  3 3 % chanc e o f  pickin g th e car ; 
then ,  i n stag e two ,  afte r  seein g th e ope n doo r  an d penn y be -
hin d it ,  th e tw o remainin g door s eac h hav e a  5 0 % chanc e o f 
hidin g th e car .  Peopl e generall y choos e t o sta y wit h thei r 
initia l  choic e unde r  thes e circumstance s bu t  n o matte r  h o w 
counterintuitiv e i t  m a y seem ,  th e playe r  shoul d switch . 
W h en tw o door s remai n unopened ,  th e initiall y  chose n roo m 
has a  3 3 % chanc e o f  containin g th e car ,  an d th e othe r 
unopene d roo m therefor e ha s a  6 7 % chance .  O n e wa y t o 
understan d thi s i s tha t  th e likelihoo d tha t  th e ca r  i s behin d 
th e initiall y  chose n doo r  i s no t  affecte d b y openin g anothe r 

door ,  i t  remain s 3 3 % .  Sinc e th e tota l  probabilit y  tha t  th e ca r 
i s behin d on e o f  th e door s remain s 1 0 0 % ,  th e probabilit y 
associate d wit h th e othe r  close d doo r  i s 6 7 % .  Othe r  mor e 
detaile d an d varie d solution s t o thi s proble m ar e availabl e i n 
many forms ,  includin g a  calculatio n fro m Bayes '  Theorem . 
Granber g &  Brow n (1995 )  provid e a n informativ e startin g 
poin t  fo r  mor e informatio n o n th e problem . 

Method 

Typically ,  i n presentation s o f  th e thre e door s problem ,  th e 
fact s necessar y fo r  th e mathematic s involve d ar e presente d i n 
a probabilit y  format ,  an d peopl e ar e rarel y abl e t o arriv e a t  a 
correc t  Bayesia n analysi s o f  th e game .  W e ra n a  serie s o f 
thre e closel y relate d studie s t o examin e th e effec t  o f 
informatio n forma t  o n subjects '  abilit y  t o correctl y perfor m 
th e mathematic s underlyin g th e thre e door s problem .  W e 
focuse d no t  onl y o n subjects '  answer s t o th e stay/switc h 
questio n bu t  als o o n whethe r  inducin g subject s t o reaso n 
wit h natura l  frequenc y format s rathe r  tha n probabilit y 
format s improve d thei r  normativ e mathematica l  performanc e 
on th e wa y towar d th e fina l  stay/switc h answer .  Ever y 
participan t  wa s rea d th e sam e descriptio n o f  th e thre e door s 
g a me (accompanie d b y Figur e 1) ,  designe d t o avoi d 
probabilit y o r  frequenc y specifi c  terminolog y a s m u c h a s 
possibl e an d presen t  th e g a m e a s unambiguousl y a s 
possible .  W e state d explicitly ,  fo r  instance ,  tha t  i n ever y ru n 
of  th e game ,  th e hos t  open s a  doo r  t o a  roo m containin g a 
penn y an d the n give s th e playe r  a  chanc e t o switch ,  an d tha t 
th e host' s choices ,  withi n th e rule s o f  th e game ,  ar e mad e 
fairl y whe n applicable .  Omission s o f  suc h detail s a s thes e 
ca n lea d t o question s extraneou s t o ou r  stud y (see ,  e.g. , 
(Falk ,  1992 )  an d (Granber g &  Brown ,  1995)) .  I n general ,  w e 
trie d t o maximiz e th e numbe r  o f  subject s w h o understoo d 
th e g a m e an d it s rule s withou t  givin g informatio n tha t  wa s 
not  obviou s fro m th e traditiona l  description .  I f  subject s 
faile d t o understan d th e rule s an d working s o f  th e game ,  the y 
woul d certainl y b e unabl e t o perfor m th e desire d Bayesia n 
analysi s accuratel y i n thi s experimenta l  context ,  regardles s 
of  whethe r  information  i s  presente d t o the m i n natura l 
frequenc y o r  probabilit y  format .  W c wer e no t  concerne d tha t 
our  detaile d descriptio n o f  th e g a m e migh t  resul t  i n a 
slightl y highe r  rat e o f  correc t  answer s t o th e stay/switc h 
questio n tha n th e traditiona l  presentation ,  becaus e ou r  focu s 
was o n th e mathematic s an d no t  simpl y th e stay/switc h 
answers ,  an d ou r  comparison s wer e betwee n th e tw o subjec t 
group s (i.e. ,  thos e give n frequenc y forma t  question s an d 
thos e give n probabilit y  forma t  questions) . 

Afte r  hearin g th e descriptio n o f  th e game ,  participant s an -
swere d questionnaires .  Ther e wer e thre e differen t 
questionnair e types ,  eac h determinin g a  differen t  study .  Fo r 
eac h o f  th e thre e types ,  ther e wer e frequenc y an d probabilit y 
versions ,  designe d t o induc e subject s t o conside r  th e gam e 
and relate d informatio n i n term s o f  eithe r  natura l  frequencie s 

Our  presentatio n agree s wit h th e traditiona l  on e i n usin g a 
single-gam e (single-event )  descriptio n i n matter s suc h a s 
likelihood s o f  th e initia l  placemen t  o f  th e car .  Whil e thi s ma y 
ten d t o bia s subject s agains t  a  natura l  frequenc y mterpretation , 
i t  affect s al l  subject s equall y an d shoul d no t  artificiall y  enhanc e 
any advantageou s effect s a  frequenc y forma t  migh t  have . 
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The 3 -DOOR S G A M E 

A ca r  ha s bee n place d randoml y i n on e o f  thre e room s an d wil l  no t  b e move d 

durin g thi s roun d o f  th e game .  Th e othe r  tw o room s eac h contai n onl y a  penny . 

Al l  door s ar e closed . 
The roun d begin s wit h th e playe r  (P )  choosin g a  door . 

A 

o 

B 

o 

C 

0 

I t  doesn' t  matte r  X 

whic h doo r  I  choose .  ) 

\|1 [  choos e A .  . ^ 

The hos t  (H )  mus t  ope n a  doo r  t o sho w th e playe r  a  roo m wit h a  penn y i n it . 

I n doin g this ,  h e must:  1 )  No t  ope n th e doo r  th e playe r  chose . 

2)  Choos e randoml y when ,  afte r  thes e constraints , 

he stil l  ha s a  choice . 

A 

o 

B 

o 

C 

o 

\ 

Give n wha t  I  kno w abou t  th e player' s Apo^ ^ 

choic e i n thi s round ,  wher e th e pennie s \ 

ar e i n thi s round ,  an d m y nee d t o choose ] 
randoml y whe n I  can ,  ...I'l l  ope n B . 

The hos t  give s th e playe r  a  chanc e t o switch . 

What 

shoul d I 

do? 

/flayer ,  woul d yo u lik e t o S T A Y an d kee p 

what' s behin d doo r  A ,  o r  giv e i t  u p an d 
S W I T CH an d kee p what' s behin d doo r  C ? 

•  Afte r  th e playe r  decide s t o S T A Y o r  S W I T C H ,  th e roun d ends ,  an d th e 
playe r  keep s whateve r  i s i n th e roo m h e chose . 

Figure 1. Diagram accompanying spoken explanation of the three doors game. 
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or  probabilities .  (Figur e 2  show s th e frequenc y forma t 
questionnair e fo r  Experimen t  2 .  Figur e 3  show s a n elide d 
versio n o f  th e probabilit y  forma t  questionnair e fo r 
Experimen t  2. )  Ever y questionnair e ha d c o m m o n feature s 
suc h a s a n introduction ,  th e stay/switc h question ,  a  numbe r 

of  question s phrase d symmetricall y  (i.e. ,  i f  a  questio n i s 
aske d abou t  on e door ,  i t  i s  aske d abou t  al l  three )  wit h th e 
correc t  answer s give n t o a t  leas t  th e first  o f  th e questions , 
and a  questio n askin g subject s i f  the y wer e previousl y 
familia r  wit h th e thre e door s problem .  Fo r  ou r  results ,  w e 
considere d onl y subject s fo r  w h o m th e proble m wa s novel . 

Jumpin g t o th e expecte d interpretation ,  tha t  whe n onl y 
tw o door s remai n close d i n th e gam e th e chance s o f  th e priz e 
bein g behin d eithe r  on e ar e equal ,  doe s no t  requir e an y dee p 
Bayesia n analysi s o f  th e sor t  tha t  a  frequency/probabilit y 
forma t  variatio n i s likel y t o influence .  Therefore ,  w e neede d 
t o induc e subject s t o actuall y comput e th e likelihood s afte r 
th e hos t  open s a  doo r  fro m th e likelihood s beforehand ,  s o w e 
aske d a  serie s o f  computation-base d question s leadin g t o th e 
stay/switc h question .  T o promot e frequenc y forma t  analyses , 
we provide d a n introductor y sectio n an d question s lik e thos e 
show n i n Figur e 2 .  Similarly ,  t o promot e probabilit y 
forma t  analyse s fro m subjects ,  th e probabilit y  version s 
containe d a  correspondin g introductio n an d question s lik e 
thos e show n i n Figur e 3 .  Withi n eac h study ,  questionnaire s 
wer e matche d s o tha t  correspondin g question s aske d fo r  th e 
same (o r  clearl y isomorphic )  informatio n t o tr y t o ensur e 
tha t  th e question s themselve s woul d no t  predispos e on e 
grou p t o mor e correc t  answer s tha n th e other .  I n general , 
difference s betwee n th e frequenc y an d probabilit y  version s 
wer e minimized ,  excep t  fo r  th e differin g informatio n 
formats .  I n particular ,  mos t  o f  th e introductio n an d th e final 
stay/switc h questio n wer e identica l  o n al l  questionnaires , 
acros s experiment s an d informatio n forma t  versions . 

On eac h questionnaire ,  ther e wer e thre e question s imme -
diatel y befor e th e stay/switc h questio n tha t  wer e abou t  th e 
likelihood s o f  potentia l  ca r  placemen t  afte r  th e hos t  open s a 
doo r  t o a  car-les s room ;  w e conside r  thes e th e "math "  ques -
tion s fo r  determinin g whethe r  subject s performe d th e 
mathematica l  analysi s correctly .  Thes e question s wer e 
identica l  acros s experiments .  I n thi s paper ,  w e giv e th e per -
centage s o f  subject s w h o answere d th e stay/switc h questio n 
correctly ,  regardles s o f  thei r  performanc e o n th e mat h ques -
tions ,  an d o f  subject s w h o answere d al l  th e mat h question s 
correctly ,  regardles s o f  thei r  performanc e o n th e stay/switc h 
question .  (Onl y on e perso n answere d al l  th e mat h question s 
correctl y an d misse d th e stay/switc h question. )  I n al l  thre e 
experiments ,  participatio n wa s durin g clas s tim e an d n o 
furthe r  incentiv e t o participat e wa s given . 

Experiment 1 

The first experiment attempted to elicit analysis without too 
much coaching ,  usin g 8  question s o n eac h questionnair e 
(number s 1- 7 i n Figur e 2 ,  plu s th e stay/switc h question )  an d 
givin g th e correc t  answe r  t o onl y th e first  question .  Thi s i s 
th e presentatio n w e intende d t o us e a s ou r  closes t  analog y t o 
th e thre e door s proble m i n it s traditiona l  form . 

Subject s 

112 Cornell students from introductory courses in 
psychology ,  cognitiv e science ,  German ,  an d compute r  sci -

enc e wer e participants .  5 8 subject s ha d frequenc y forma t 
questionnaires ;  5 4 ha d probabilit y  forma t  questionnaires . 

Results 

21% of the subjects in the frequency version gave the correct 
stay/switc h answer ,  whil e 1 8 % gav e th e correc t  answe r  i n 

th e probabilit y  version ;  x ^ = 1 8 ,  p>.l .  O n th e mat h 
questions ,  7 % o f  th e subject s i n th e frequenc y versio n gav e 
correc t  responses ,  whil e 0 % o f  th e subject s i n th e 

probabilit y  versio n gav e correc t  answers ;  •%}• -  4.0 ,  p  <  .05 . 

Discussion 

This questionnaire was constructed for minimal coaching to 
th e correc t  stay/switc h answe r  an d withou t  muc h hel p lead -
in g t o th e correc t  math ,  lackin g thre e question s presen t  i n 
Experiment s 2  an d 3 .  Th e result s sho w n o significan t  effec t 
of  th e variatio n o f  informatio n forma t  o n people' s perform -
anc e o n th e stay/switc h quesfion .  However ,  the y sho w a 
smal l  bu t  significan t  effec t  suggestin g tha t  th e frequenc y 
forma t  facilitate s Bayesia n performanc e o n th e mathematic s 
leadin g t o th e stay/switc h response . 

Experiment 2 

In Experiment 2, the questionnaires had 11 questions, which 
explicitl y  aske d fo r  al l  th e component s needed ,  accordin g t o 
Bayes '  Theorem ,  tryin g t o elici t  informatio n fro m subject s 
withou t  explicitl y  givin g an y adde d facts .  Th e adde d thre e 
question s would ,  w e presume ,  encourag e deepe r  analysi s 
tha n th e Experimen t  1  questionnaire .  A s i n Experimen t  1 , 
we gav e th e correc t  answe r  t o onl y th e first  question . 

Subjects 

68 Cornell students from introductory courses in psychol-
ogy ,  cognitiv e science ,  an d Germa n wer e participants .  3 4 
had frequenc y forma t  questionnaires ,  an d 3 4 ha d probabilit y 
forma t  questionnaires . 

Results 

29% of the subjects in the frequency version gave the correct 
stay/switc h answer ,  whil e 1 2 % gav e th e correc t  answe r  i n 

th e probabilit y  version ;  x ^  =  2.57 ,  p=.l .  Considerin g onl y 
th e mat h questions ,  2 1 % o f  th e subject s i n th e frequenc y 
versio n gav e correc t  responses ,  whil e 0 % o f  th e subject s i n 

th e probabilit y  versio n responde d correctly ;  X^=7 ,  p<.01 . 

Discussion 

We saw a marginally significant effect of information format 
on people' s performanc e whe n considerin g onl y th e 
stay/switc h quesfion .  However ,  w e sa w a  robus t  effec t  o n 
performanc e o n th e mat h quesfions ,  supportin g th e noUo n 
tha t  frequenc y forma t  facilitate s Bayesia n inferenc e whe n 
figuring  ou t  th e game' s underlyin g mathematics . 
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3-Door s Prob le m Questionnair e 

Imagin e tha t  you'v e see n 30,00 0 round s o f  tii e gam e playe d i n 
whic h th e playe r  choose s doo r  A  i n par t  1  o f  th e round .  W e wil l 
be askin g yo u question s onl y abou t  thos e rounds .  W e ar e no t 
tryin g t o tric k yo u wit h an y o f  th e questions ,  jus (  makin g sur e 
yo u understan d th e game .  W e wil l  eve n giv e yo u th e firs t  answe r 
t o ge t  yo u started . 

1) Of these 30,000 rounds in which the player chooses door A in 
par t  1  o f  th e round ,  i n ho w man y i s th e ca r  actuall y behin d doo r 

A? IQ.OO O 

2) Of these 30,000 rounds in which the player chooses door A in 
par t  1  o f  th e round ,  i n ho w man y i s th e ca r  actuall y behin d doo r 
B? 

3) Of these 30,000 rounds in which the player chooses door A in 
par t  1  o f  th e round ,  i n ho w man y i s th e ca r  actuall y behin d doo r 
C? 

The next three questions all ask about the host opening door B 
i n par t  2  o f  a  round . 

4) Of the rounds in the answer to question 1), the rounds in 
whic h th e playe r  choose s A  i n par t  1  an d th e ca r  i s actuall y 
behin d doo r  A ,  i n ho w man y o f  thos e round s wil l  th e hos t  ope n 
door  B  i n par t  2  o f  th e round ? 

5) Of the rounds in the answer to question 2), the rounds in 
whic h th e playe r  choose s A  i n par t  1  an d th e ca r  i s actuall y 
behin d doo r  B ,  i n ho w man y o f  thos e round s wil l  th e hos t  ope n 
door  B  i n par t  2  o f  th e round ? 

6) Of the rounds in the answer to question 3), the rounds in 
whic h th e playe r  choose s A  i n par t  1  an d th e ca r  i s actuall y 

behin d doo r  C ,  i n ho w man y o f  thos e round s wil l  th e hos t  ope n 
doo r  B  i n par t  2  o f  th e round ? 

Keeping in mind your answers to 4), 5), and 6) above... 

7) In how many of these 30,000 rounds of the game in which the 
playe r  pick s doo r  A  i n par t  1  o f  th e roun d doe s th e hos t  ope n 
doo r  B  i n par t  2  o f  th e round ? 

Keeping in mind your previous answers.... 

8) In how many of those rounds from question 7), the ones in 
whic h th e playe r  pick s A  i n par t  1  o f  th e roun d an d th e hos t 
pick s B  i n par t  2  o f  th e round ,  i s th e ca r  actuall y behin d doo r  A ? 

9)  I n ho w man y o f  thos e round s fro m questio n 7) ,  th e one s i n 
whic h th e playe r  pick s A  i n par t  1  o f  th e roun d an d th e hos t 
pick s B  i n par t  2  o f  th e round ,  i s th e ca r  actuall y behin d doo r  B ? 

10)  I n ho w man y o f  thos e round s fro m questio n 7) ,  th e one s i n 
whic h th e playe r  pick s A  i n par t  1  o f  th e roun d an d th e hos t 
pick s B  i n par t  2  o f  th e round ,  i s th e ca r  actuall y behin d doo r  C ? 

Last :  Base d o n you r  knowledge ,  i n a  roun d o f  th e gam e i n whic h 
th e playe r  choose s doo r  A  i n par t  1  o f  th e roun d an d th e hos t 
open s doo r  B  i n par t  2  o f  th e round ,  wha t  shoul d th e playe r  d o i n 
par t  3  o f  th e round ? Shoul d th e playe r  S T A Y wit h doo r  A  o r 
S W I T CH t o doo r  C ? 

FOR OUR INFORMATION: Had you heard of this game before 
today? 

Figur e 2 .  Questionnair e fo r  Experimen t  2 ,  Frequenc y format . 

3-Door s Prob le m Questionnair e 

We wil l  b e askin g yo u question s onl y abou t  round s i n whic h th e 
playe r  choose s doo r  A  i n par t  1  o f  a  roun d o f  th e game .  W e ar e 
not  tryin g t o tric k yo u wit h an y o f  th e questions ,  jus t  makin g 
sur e yo u understan d th e game .  W e wil l  eve n giv e yo u th e first 
answer  t o ge t  yo u started . 

1) In a round in which the player chooses door A in part 1, what 
i s th e probabilit y  tha t  th e ca r  i s actuall y behin d doo r  A ? 1/ 3 
(o r  33.3% .  whicheve r  yo u prefer ) 

8)  I n a  roun d a s i n questio n 7) ,  a  roun d i n whic h th e playe r  pick s 
A i n par t  1  o f  th e roun d an d th e hos t  pick s B  i n par t  2  o f  th e 
round ,  wha t  i s th e probabilit y  tha t  th e ca r  i s actuall y behin d 
doo r  A ? 

Last: Based on your knowledge, in a round of the game in which 
th e playe r  choose s doo r  A  i n par t  1  o f  th e roun d an d th e hos t 
open s doo r  B  i n par t  2  o f  th e round ,  wha t  shoul d th e playe r  d o i n 
par t  3  o f  th e round?  Shoul d th e playe r  S T A Y wit h doo r  A  o r 
S W I T CH t o doo r  C ? 

Figur e 3 .  Questionnair e fo r  Experimen t  2 ,  Probabilit y  format ,  elided . 

Exper imen t  3 

For Experiment 3, we used the same 11 questions as in Ex-
perimen t  2 ,  bu t  w e gav e th e correc t  answer s t o th e firs t  6  — 
nearl y al l  bu t  th e mat h an d stay/switc h questions .  O u r  goa l 
was t o inhibi t  an y floo r  effec t  o r  paralysi s ove r  mat h dis -
comfor t  b y givin g subject s a  hea d star t  an d providin g evi -
dence ,  upo n thei r  self-checking ,  tha t  the y eithe r  successfull y 

understoo d th e g a m e o r  di d no t  understan d i t  an d neede d t o 
analyz e i t  further . 

Subjects 

75 Cornell students from introductory courses in psychol-
ogy ,  cognitiv e science ,  an d G e r m a n wer e participants .  3 8 
ha d frequenc y forma t  questionnaires ,  an d 3 7 ha d probabilit y 
forma t  questionnaires . 
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Result s 

37% of the subjects in the frequency version gave the correct 
stay/switc h answer ,  whil e 2 7 % gav e th e correc t  answe r  i n 

th e probabilit y  version ;  f }  =  .67 ,  p>.l.  O n th e mat h 
questions ,  2 6 % o f  th e subject s i n th e frequenc y versio n gav e 

correc t  responses ,  whil e 07 o o f  th e subject s i n th e 

probabilit y  versio n responde d correctly ;  x^=10.0 ,  p<.01 . 

Discussion 

We found a similar effect to that in Experiment 2. There was 
some concer n uniqu e t o Experimen t  3 ,  however ,  tha t  som e 
subject s migh t  hav e merel y copie d th e answer s fro m 
question s 4- 6 int o th e answe r  slot s fo r  question s 8-10 , 
whic h woul d coincidentall y hav e bee n th e correc t  mat h 
answer s i n th e frequenc y version .  Possibly-copie d answer s 

appeare d wit h negligibl e frequenc y i n th e probabilit y 
version ,  however ,  an d th e overal l  effec t  i n Experimen t  3  wa s 
not  ver y differen t  tha n i n Experimen t  2 ,  s o w e conside r  thi s 
possibl e copyin g t o b e a  highl y unlikel y influenc e o n ou r 
results . 

General Discussion 

The result s compellingl y demonstrat e tha t  informatio n pre -
sente d an d manipulate d i n a  frequenc y forma t  facilitate d 
Bayesia n competenc e i n understandin g th e mathematic s un -
derlyin g th e thre e door s problem .  Give n a  presentatio n o f  th e 
proble m i n frequenc y format ,  rate s o f  correctnes s o n th e 
mat h question s range d fro m 7 % t o 2 6 % ,  dependin g o n th e 
experiment .  Give n a  presentatio n i n probabilit y  format , 
correctnes s o n th e mat h question s wa s a  fla t  0 % i n al l 
experiments .  Thi s support s Gigerenzer' s hypothesi s abou t 
th e importanc e o f  informatio n forma t  t o normativ e Bayesia n 
performanc e o n inferenc e tasks . 

Not e tha t  th e 0 % correctnes s rat e o n th e mat h question s i n 
th e probabilit y  version s doe s no t  conflic t  wit h pas t  results , 
althoug h i t  doe s reflec t  ou r  usin g a  differen t  measur e o f 
performance .  Previou s studie s suc h a s tha t  o f  Granber g & 
Brow n (1995 )  aske d merel y fo r  a  stay/switc h answer ,  no t  fo r 
evidenc e o f  whethe r  responder s understoo d th e underlyin g 
mathematic s o r  evidenc e abou t  whic h informatio n forma t 
responder s migh t  b e considerin g whe n computin g th e 
relevan t  likelihoods ,  s o ou r  centra l  resul t  i s  base d upo n a 
differen t  question .  A  compariso n o f  lik e measure s yield s 
compatibl e results :  W e foun d tha t  betwee n 1 2 % an d 2 7 % o f 
our  subject s answere d th e stay/switc h questio n correctly , 
dependin g o n th e experiment ;  i n thei r  initia l  study ,  Granber g 
& Brow n foun d 1 3 % o f  thei r  subject s answere d th e 
stay/switc h questio n correctly .  Thi s discrepancy ,  however ,  i s 
unrelate d t o th e cru x o f  ou r  experiment ,  th e valu e o f  on e 
informatio n forma t  ove r  another .  Ar e th e algorithm s tha t 
peopl e us e fo r  mathematica l  reasonin g bette r  tune d fo r 
natura l  frequencie s tha n probabilities ? O n thi s particula r 
brainteaser ,  i t  seem s tha t  th e chang e i n informatio n forma t 
can indee d ope n door s fo r  people . 

Finally ,  i n additio n t o suggestin g tha t  Gigerenzer' s 
hypothesi s applie s t o two-stag e decisio n processe s suc h a s 
th e thre e door s proble m a s wel l  a s simple r  context s alread y 
explored ,  w e hop e ou r  result s ca n ad d a  ne w aspec t  t o th e 

curren t  thre e door s proble m literature .  Ther e ar e man y 
printe d an d Worl d Wid e W e b base d explanation s o f  th e 
correc t  stay/switc h answe r  t o th e game ,  bu t  w e sugges t  tha t 
an explanatio n i n frequenc y forma t  — whic h seem s t o b e a 
highl y non-standar d approac h — migh t  hel p som e o f  th e 
many peopl e wh o ar e initiall y  skeptica l  o f  th e Bayesia n 
answer  t o understan d an d accep t  tha t  answer .  Thi s us e o f  th e 
explanator y powe r  o f  frequenc y fonna t  presentation s woul d 

be consisten t  wit h Gigerenzer' s clai m tha t  frequenc y forma t 
explanation s rende r  mor e persuasiv e an d understandabl e 
argument s abou t  likelihood s relevan t  t o th e O.J .  Simpso n 
trial ,  H I V testing ,  an d othe r  topic s o f  widesprea d popula r 
interest . 
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