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H o w t o M a k e th e Impossibl e See m Possibl e 

Phili p N .  Johnson-Lair d 
Departmen t  o f  Psycholog y 

Princeto n Universit y 
Gree n Hai l 

Princeton ,  N J 0854 4 
p h i l @ c l a r i t y . p r i n c e t o n . e d u 

Abstract 

The mental model theory postulates that reasoners build 
model s o f  th e situation s describe d i n premises .  A 
conclusio n i s possibl e i f  i t  occur s i n a t  leas t  on e model ; 
and i t  i s  impossibl e i f  i t  occur s i n n o models .  Accordin g 
t o th e theory ,  reasoner s ca n cop e wit h wha t  i s  true ,  bu t  no t 
wit h wha t  i s  false .  A  compute r  implementatio n predicte d 
tha t  certai n inference s shoul d yiel d cognitiv e illusions ,  i.e . 
the y hav e conclusion s tha t  shoul d see m highl y plausibl e 
but  tha t  ar e i n realit y gros s errors .  Experimen t  1  showe d 
that ,  a s predicted ,  participant s erroneousl y inferre d tha t 
impossibl e situation s wer e possible ,  an d tha t  possibl e 
situation s wer e impossible ,  bu t  the y performe d wel l  wit h 
contro l  problems .  Experimen t  2  replicate d thes e results , 
usin g th e sam e premise s fo r  bot h th e illusor y an d th e 
contro l  inferences :  th e participant s wer e susceptibl e bot h 
t o illusion s o f  possibilit y an d t o illusion s o f 
impossibility ,  bu t  the y cope d wit h th e contro l  problems . 

Introduction 

Consider the following problem: 
Onl y on e o f  th e followin g premise s i s true : 

Ther e i s a  9  i n th e han d o r  ther e i s a  10 ,  o r  both . 
Ther e i s a  Quee n i n th e han d o r  ther e i s a  10 ,  o r  both . 
Ther e i s a  6  i n th e han d o r  ther e i s a n Ace ,  o r  both . 

I s  i t  possibl e tha t  ther e i s a  1 0 i n th e hand ? 
Almos t  everyon e answers ,  'yes' .  Th e inferenc e i s a n 
illusio n o f  possibility ,  becaus e i n fac t  i t  i s  impossibl e 
fo r  ther e t o b e a  1 0 i n th e hand .  (I f  ther e were ,  the n tw o 
of  th e premise s woul d b e true ,  bu t  th e proble m specifie s 
tha t  onl y on e premis e i s true. )  Suc h illusor y inference s 
ar e predicte d b y th e theor y o f  menta l  models .  Previou s 
studie s hav e corroborate d th e occurrenc e o f  illusion s i n 
inference s leadin g t o necessary  conclusion s an d t o 
probabl e conclusion s (se e Johnson-Lair d an d Savary , 
1996) .  However ,  a n importan t  sor t  o f  reasonin g i n dail y 
lif e concern s figurin g ou t  wha t  i s  possible .  Suc h 
'modal '  reasonin g ha s bee n formalize d b y logician s i n 
many differen t  calcul i  (se e Hughe s an d Cresswell ,  1996 ) 
but  i t  ha s seldo m bee n studie d b y psychologist s (thoug h 
of .  Osherson ,  1976 ;  Johnson-Lair d an d Bel l  1997) . 
Hence ,  w e examine d illusor y inference s abou t 
possibilities .  O n e advantag e o f  thi s domai n i s tha t  th e 
same premise s ca n b e use d t o elici t  bot h illusor y 
inference s an d contro l  inferences ,  an d thereb y eliminat e 
th e hypothesi s tha t  illusor y premise s ar e someho w to o 
difficul t  fo r  logicall y untraine d individual s t o 
understand .  Ou r  pla n i n wha t  follow s i s t o outlin e th e 
theor y o f  menta l  models ,  an d the n t o repor t  tw o studie s 
tha t  confirme d th e occurrenc e o f  illusion s i n inference s 
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about what is possible and what is impossible. 

The Mental Model Theory of Reasoning 

The theory of mental models (see e.g. Johnson-Laird and 
Byrne ,  1991 )  postulate s tha t  reasonin g — deductiv e o r 
inductiv e -  i s a  proces s i n whic h reasoner s represen t  th e 
trut h condition s o f  premises ,  an d the n us e thi s 
representatio n togethe r  wit h thei r  semanti c an d genera l 
knowledg e t o construc t  menta l  model s o f  th e relevan t 
situations .  Thes e model s m a y tak e th e for m o f  visua l 
images ,  bu t  thei r  critica l  featur e i s thei r  structure .  Th e 
theory' s fundamenta l  representationa l  principl e concern s 
truth : 

Peopl e represen t  situation s b y constructin g set s o f  menta l 
model s i n whic h eac h mode l  represent s wha t  i s tru e i n a 
tru e possibility . 

I n thi s way ,  the y limi t  th e loa d o n thei r  workin g memories . 
The principl e i s subtle ,  however ,  becaus e i t  applie s a t  tw o 
levels .  First ,  individual s represen t  onl y tru e possibilities ; 
second ,  the y represen t  thos e litera l  proposition s i n th e 
premise s — affirmativ e o r  negativ e — tha t  ar e tru e i n th e tru e 
possibilities .  Fo r  example ,  a n exclusiv e disjunction : 

Ther e i s a  kin g o r  ther e i s a n ace ,  bu t  no t  bot h 
has tw o menta l  model s tha t  represen t  th e tru e possibilities : 

Kin g 
Ace 

wher e eac h ro w denote s a  mode l  o f  a n alternativ e possibility . 
Eac h mode l  represent s onl y wha t  i s tru e i n a  particula r 
possibility .  Hence ,  fo r  th e firs t  alternative ,  th e mode l 
represent s tha t  i t  i s  tru e tha t  ther e i s a  king .  I t  i s  als o fals e 
tha t  ther e i s a  ace ,  bu t  model s d o no t  usuall y represen t  thi s 
informatio n explicitly .  Similarly ,  fo r  th e secon d alternative , 
th e mode l  represent s tha t  ther e i s a n ace ,  bu t  i t  doe s no t 
represen t  tha t  i t  i s  fals e tha t  ther e i s a  king .  Th e theor y 
postulate s tha t  reasoner s mak e 'menta l  footnotes '  t o kee p 
trac k o f  thi s information ,  bu t  tha t  thes e footnote s ar e soo n 
likel y t o b e forgotten .  Johnson-Lair d an d Byrn e (1991 )  use d 
squar e bracket s a s a  specia l  notatio n t o denot e thes e menta l 
footnotes ,  bu t  w e wil l  foreg o thi s notatio n here . 

I n contras t  t o menta l  models ,  full y  explici t  model s o f  th e 
exclusiv e disjunctio n represen t  th e fals e component s i n eac h 
possibility ,  usin g negation s tha t  ar e true : 

Kin g - > Ac e 
-> Kin g Ac e 

wher e '-̂ '  denote s negation .  Thes e tw o full y explici t  model s 
matc h th e tw o row s tha t  ar e tru e i n a  trut h tabl e o f  th e 
assertion . 
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The theor y give s a n analogou s accoun t  o f  al l  th e othe r 
majo r  sententia l  connectives .  Thus ,  a  conditional : 

I f  ther e i s a  kin g the n ther e i s a n ac e 
has a n explici t  mode l  o f  th e possibilit y  tha t  bot h card s ar e i n 
th e hand ,  bu t  reasoner s defe r  a  detaile d represenlaiio n o f  ih e 
cas e wher e th e anteceden t  propositio n i s false ,  whic h the y 
represen t  i n a  wholl y implici t  mode l  denote d her e b y a n 
ellipsis : 

Kin g Ac e 

Reasoners should make a mental footnote that hands in 
whic h a  kin g occur s ar e exhaustivel y represente d i n th e 
explici t  model ,  an d s o a  kin g canno t  occu r  i n th e hand s 
represente d b y th e implici t  model .  Sinc e hand s containin g a n 
ace ar e no t  exhauste d i n th e explici t  model ,  the y may ,  o r 
may not ,  occu r  i n th e hand s represente d b y th e implici t 
model .  Th e menta l  model s fo r  a  biconditional ,  e,g ,  'If ,  an d 
onl y if ,  ther e i s a  kin g the n ther e i s a n ace' ,  ar e th e same , 
but  th e footnote s establis h tha t  neithe r  king s no r  ace s ca n 
occu r  i n th e possibilitie s represente d b y th e implici t  model . 

Tabl e 1  summarize s th e menta l  model s an d th e full y 
explici t  model s fo r  th e majo r  sententia l  connectives .  Th e 
full y explici t  model s correspon d one-to-on e wit h th e tru e 
entrie s i n a  trut h tabl e fo r  a  connective ,  bu t  menta l  model s 
represen t  onl y thos e litera l  proposition s i n premise s — 
affirmativ e o r  negativ e — tha t  ar e true .  I f  a  conclusio n 
hold s i n al l  th e model s o f  th e premises ,  i t  i s necessary :  i f 
i t  hold s i n mos t  o f  th e models ,  i t  i s probable :  an d i f  i t  hold s 
i n a t  leas t  on e model ,  i t  i s possible . 

Previou s studie s hav e corroborate d th e prediction s o f  th e 
model  theor y abou t  inference s yieldin g bot h necessar y an d 
probabilisti c  conclusions .  I n particular ,  the y hav e show n 
tha t  th e greate r  th e numbe r  o f  model s tha t  hav e t o b e 
constructe d t o dra w a  necessar y conclusion ,  th e harde r  th e 

Table 1: The mental models and the fully explicit models for 
th e sententia l  connectives :  th e full y explici t  model s 
represen t  th e fals e component s o f  th e tru e possibilitie s b y 
usin g negation s tha t  ar e true :  '-> '  denote s negatio n an d ' .  .  . ' 
denote s a  wholl y implici t  model . 

Cpnnectiv e 
AandB: 

A o r  els e B : 

A o r  B ,  o r  both : 

I f  A  the n B : 

If ,  an d onl y if ,  A 
then B 

Menta l 
A 

A 

A 

A 

A 

A 

model s 
B 

B 

B 
B 

B 

B 

Full y Explici t  model s 
A B 

A 
•n A 

A 
-.  A 

A 

A 
-)  A 
-. A 

A 
-. A 

-. B 
B 

- B 
B 
B 

B 
B 

-. B 

B 
-• B 

tas k i s -  i t  take s longe r  an d i s mor e pron e t o erro r  (se e e.g . 
Johnson-Lair d an d Byrne ,  1991) .  The y hav e corroborate d th e 
model  theory' s predictio n o f  a n interactio n i n reasonin g 
about  possibilitie s an d necessitie s (Johnson-Lair d an d Bell , 
1997) :  individual s ar e faste r  an d mor e accurat e i n inferrin g 
tha t  a  situatio n i s possibl e (on e mode l  suffices )  tha n tha t  i t 
i s  necessar y (al l  model s mus t  satisf y th e conclusion) ,  bu t 
the y ar e faste r  an d mor e accurat e i n inferrin g tha t  a  situatio n 
i s no t  necessar y (on e mode l  suffices )  tha t  tha t  i t  i s necessar y 
(al l  model s mus t  satisf y th e conclusion) . 

Illusory Inferences About Possibilities 

The computer program implementing the theory predicted 
th e occurrenc e o f  a  nove l  categor y o f  inferences .  Thei r 
menta l  model s suppor t  a  conclusio n tha t  differ s fro m th e 
correc t  conclusio n supporte d b y full y  explici t  models ,  e.g. : 

Onl y on e o f  th e followin g premise s i s true : 
Ther e i s a  9  i n th e han d o r  ther e i s a  10 ,  o r  both . 
Ther e i s a  Quee n i n th e han d o r  ther e i s a  10 ,  o r  both . 
Ther e i s a  6  i n th e han d o r  ther e i s a n Ace ,  o r  both . 

Becaus e menta l  model s represen t  onl y wha t  i s  true ,  th e 
menta l  model s fo r  th e firs t  premis e ar e a s follows : 

9 
10 

9 1 0 
The menta l  model s fo r  th e secon d premis e are : 

Queen 
10 

Queen 1 0 
And th e menta l  model s fo r  th e thir d premis e are : 

6 
Ace 

6 Ac e 
An exclusiv e disjunction ,  a s conveye d b y 'Onl y on e o f  th e 
followin g premise s i s true' ,  call s fo r  a  lis t  o f  al l  th e tru e 
possibilitie s (se e Tabl e 1) .  Hence ,  th e question : 

I s i t  possibl e tha t  ther e i s a  1 0 i n th e hand ? 
shoul d b e answere d affirmatively ,  becaus e ther e ar e fou r 
model s containin g a  10 .  Th e respons e i s a n illusio n o f 
possibility ,  becaus e th e full y explici t  model s sho w i t  t o b e 
false .  The y tak e int o accoun t  tha t  whe n on e premis e i s true , 
th e othe r  tw o premise s ar e false .  Hence ,  i f  th e first  premis e 
i s true ,  ther e i s onl y th e followin g model : 

9 - •  Quee n - > 1 0 -' 6 - < Ac e 
I f  th e secon d premis e i s true ,  ther e i s onl y th e model : 

-1 9 Quee n - •  1 0 -• 6 - i  Ac e 
And i f  th e thir d premis e i s true ,  ther e ar e th e followin g 
models : 

9 
9 
9 

-1 Quee n 
-> Quee n 
-1 Quee n 

^  1 0 
-  1 0 
-.  1 0 

6 
-n 6 

6 

-1 Ac e 
Ace 
Ace 

Hence ,  i t  i s  impossibl e fo r  ther e t o b e a  10 .  A  comparabl e 
contro l  proble m is : 

Onl y on e o f  th e followin g premise s i s true : 
Ther e i s a  9  i n th e han d o r  ther e i s a  Jack ,  o r  both . 
Ther e i s a  Quee n i n th e han d o r  ther e i s a  10 ,  o r  both . 
Ther e i s a  6  i n th e han d o r  ther e i s a n Ace ,  o r  both . 

I s i t  possibl e tha t  ther e i s a  1 0 i n th e hand ? 
The menta l  model s agai n consis t  o f  a  lis t  o f  al l  th e tru e 

355 



possibilities .  The y includ e model s containin g a  10 ,  an d s o 
th e questio n shoul d b e answered ,  "yes" .  Th e full y explici t 
model s suppor t  th e sam e conclusion ,  an d s o i t  i s correct . 

T h e followin g proble m shoul d creat e a n illusio n o f 
impossibility : 

Onl y on e o f  th e followin g premise s i s true : 
Ther e i s a n ac e i n th e han d o r  ther e i s no t  a  5 ,  o r  both . 
Ther e i s a  kin g i n th e han d o r  ther e i s no t  a  5 ,  o r  both . 

I s  i t  possibl e tha t  ther e i s a  5  i n th e hand ? 
Th e menta l  model s ar e a s follows : 

Ace - > 5 
Kin g - 5 

whic h yiel d th e answe r  'no' .  Bu t  th e full y  explici t  model s 
sho w tha t  thi s respons e i s a n illusion : 

Ace - > Kin g 5 
-I  Ac e Kin g 5 

A comparabl e contro l  proble m i s base d o n conjunctions : 
Bot h o f  th e followin g premise s ar e true : 

Ther e i s a n ac e i n th e han d an d ther e i s no t  a  5 . 
Ther e i s a  kin g i n th e han d an d ther e i s no t  a  5 . 

I s  i t  possibl e tha t  ther e i s a  5  i n th e hand ? 
It s menta l  model s suppor t  th e correc t  response ,  'No' . 

I n Experimen t  1 ,  w e gav e 2 0 Princeto n student s fou r 
inference s o f  eac h o f  th e fou r  sorts :  illusion s o f  possibilit y 
an d thei r  controls ,  an d illusion s o f  impossibilit y  an d thei r 
controls .  Hal f  th e illusor y problem s wer e base d o n 
disjunctions ,  an d hal f  wer e base d o n conditionals ,  e.g. : 

Onl y on e o f  th e followin g premise s i s true : 
I f  ther e i s a  9  i n th e han d the n ther e i s a  10 . 
I f  ther e i s a  Quee n i n th e han d the n ther e i s a  10 . 
I f  ther e i s a  6  i n th e han d the n ther e i s a n Ace . 

I s  i t  possibl e tha t  ther e i s a  1 0 i n th e hand ? 
Likewise ,  hal f  th e control s fo r  th e illusion s o f  possibilit y 
wer e base d o n disjunction s an d hal f  wer e base d o n 
conditionals .  Hal f  th e contro l  problem s fo r  illusion s o f 
impossibility ,  however ,  wer e base d o n conjunction s an d hal f 
wer e base d o n conditionals .  Th e 1 6 problem s wer e presente d 
i n a  differen t  rando m order  t o eac h participant ,  an d eac h 
proble m wa s base d o n a  differen t  se t  o f  cards .  Participant s 
rate d thei r  confidenc e i n eac h o f  thei r  answer s o n a  five-poin t 
scal e ( 1 =  totall y unconfident ,  an d 5  =  totall y  confident) . 

Tabl e 2  present s th e results .  Th e participant s wer e correc t 
on 9 1 % o f  th e contro l  inferences ,  bu t  onl y o n 1 5 % o f  th e 
illusor y inferences .  Al l  2 0 o f  th e participant s wer e mor e 
accurat e wit h th e contro l  inference s tha n wit h th e illusor y 
one s ( p =  .5^^ ,  i.e .  les s tha n 1  i n a  million) .  Ther e wa s n o 
reliabl e differenc e i n th e confidenc e rating s fo r  th e illusor y 
and contro l  problems .  O n e unexpecte d finding ,  however . 

Table 2: The percentages of correct responses to the four 
sort s o f  problem s i n Experimen t  1 .  Th e figure s i n 
parenthese s ar e th e participants '  mea n confidenc e i n thei r 
answer s (o n a  five-poin t  scale) . 

Illusion s o f  possibilit y 
Illusion s o f  impossibilit y 

Illusion s Control s 
1 (4.17 )  9 0 (4.13 ) 

2 9 (4.23 )  9 2 (4.35 ) 

was tha t  th e illusion s o f  impossibilit y  yielde d correc t 
conclusio n mor e ofte n tha n illusion s o f  possibilit y 
(Wilcoxo n test ,  z  =  3.697 ,  p  <  .001) .  O n e plausibl e 
explanatio n i s tha t  th e phras e 'o r  both '  suggeste d t o th e 
participant s tha t  bot h th e card s mentione d i n th e premis e 
wer e presen t  i n th e hand . 

I n general ,  th e result s corroborate d th e mode l  theory . 
Nearl y everyon e mad e th e sam e illusor y responses ,  whic h 
seemed obvious ,  an d ye t  whic h wer e totall y wrong .  Th e 
mai n weaknes s o f  th e experimen t  i s tha t  th e illusion s an d 
contro l  problem s depende d o n differen t  premises ,  an d tha t 
hal f  th e control s fo r  th e illusion s o f  impossibilit y  depende d 
on conjunctions ,  wherea s th e correspondin g illusion s 
depende d o n disjunctions .  Hence ,  skeptic s coul d argu e tha t 
ther e wa s somethin g especiall y difficul t  abou t  th e illusor y 
premise s -  tha t  the y s o m e h o w misle d th e participant s i n 
ways tha t  di d no t  occu r  wit h th e contro l  premises .  Ou r 
secon d experimen t  wa s designe d t o correc t  thes e flaws . 

I n Experimen t  2 ,  w e use d th e sam e premise s fo r  th e fou r 
sort s o f  inferences :  illusion s o f  possibility ,  thei r  control s 
wit h th e correc t  answe r  'yes' ,  illusion s o f  impossibility ,  an d 
thei r  control s wit h th e correc t  answe r  'no' .  Fo r  example , 
th e followin g statement : 

O ne o f  th e followin g premise s i s tru e an d on e i s false : 
Ther e i s a  kin g i n th e hand ,  o r  a n ace ,  o r  both . 
Ther e i s a  quee n i n th e han d an d ther e i s a n ace . 

was combine d o n separat e trial s (wit h differen t  contents ) 
wit h th e followin g questions : 

I s i t  possibl e tha t  ther e i s a  quee n i n th e han d an d a n ace ? 
I s i t  possibl e tha t  ther e i s a  kin g i n th e han d an d a n ace ? 
I s i t  possibl e tha t  ther e i s a  quee n i n th e han d an d no t  a n 

ace? 
I s i t  possibl e tha t  ther e i s no t  a  kin g i n th e han d an d no t 

an ace ? 
Tabl e 3  summarize s al l  th e problem s i n Experimen t  2 ,  and , 
as i t  shows ,  th e menta l  model s o f  th e premise s abov e (se e 
ite m 3  i n th e Table )  shoul d yiel d a n illusio n o f  possibilit y 
t o th e firs t  question ,  i.e .  th e participant s shoul d respon d 
•yes" ,  bu t  th e full y  explici t  model s sho w tha t  i t  i s 
impossibl e fo r  ther e t o b e bot h a  quee n an d a n ac e i n th e 
hand .  Th e secon d questio n shoul d als o elici t  th e answe r 
'yes' ,  bu t  thi s respons e i s supporte d b y th e full y  explici t 
models ,  an d s o i t  i s  correct .  Likewise ,  th e thir d questio n 
shoul d elici t  a n illusio n o f  impossibility ,  an d th e fourt h 
questio n shoul d elici t  a  correc t  'no '  answer . 

We gav e 2 0 student s th e 1 6 inference s i n a  differen t 
rando m orde r  t o eac h o f  them .  Eac h proble m (unlik e th e on e 
above )  wa s base d o n a  differen t  se t  o f  cards .  Th e participant s 
als o rate d thei r  confidenc e i n eac h o f  thei r  answers . 

Th e percentage s o f  correc t  response s t o eac h o f  th e 
problem s ar e show n i n Tabl e 3 ,  an d th e result s ar e 
summarize d i n Tabl e 4 .  Th e participant s wer e correc t  o n 
7 9 % o f  th e contro l  inferences ,  bu t  onl y o n 2 2 % o f  th e 
illusor y inferences .  1 9 ou t  o f  th e 2 0 participant s wer e mor e 
accurat e wit h th e contro l  inference s tha n wit h th e illusor y 
ones ,  an d on e participan t  yielde d th e opposit e result s (Sig n 
test ,  p  <  .0005) .  Ther e wa s n o reliabl e differenc e i n th e 
confidenc e rating s fo r  th e illusor y an d contro l  problems .  A s 
i n Experimen t  1 ,  th e illusion s o f  impossibilit y  wer e les s 
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Tabl e 3 :  Th e problem s i n Experimen t  2 ,  thei r  menta l  an d 
thei r  full y  explici t  models .  Eac h pai r  o f  premise s wa s 
preface d by :  'On e o f  th e followin g premise s i s tru e an d on e 
i s false' .  Th e question s concerne d possibilities ,  an d th e labl e 
shows th e percentag e o f  correc t  answer s t o eac h o f  them . 

For m o f  premise s 
and question s 

Menta l  model s Full y explici t 
model s 

1.  I f  kin g the n ac e 
I f  quee n the n ac e 

K 
Q 

A 
A 

-> K Q  - A 
K - Q ^ A 

kin g an d ace ? 5 
kin g an d no t  queen ? 7 5 
kin g an d no t  ace ? 2 5 
not  quee n an d no t  king ? 8 0 

(Illusio n o f  possibility ) 
(Contro l  "yes '  response ) 
(Illusio n o f  impossibility ) 
(Contro l  'no '  response ) 

2.  I f  kin g the n no t  ace . 
I f  quee n the n no t  ace . 

K nA 
- A 

nK Q  A 
K -. Q A 

kin g an d no t  ace ? 0 
quee n an d no t  king ? 9 5 
kin g an d ace ? 5 0 
not  kin g an d no t  queen ? 8 0 

(Illusio n o f  possibility ) 
(Contro l  'yes '  response ) 
(Illusio n o f  impossibility ) 
(Contro l  'no '  response ) 

3.  Kin g o r  ace ,  o r  both . 
Queen an d ace . 

quee n an d ace ? 
kin g an d ace ? 
quee n an d no t  ace ? 
not  kin g an d no t  ace ? 

4.  No t  kin g o r  no t  ace , 
or  neither . 

Not  quee n an d no t  ace . 

not  quee n an d no t  ace ? 
not  kin g an d no t  ace ? 
not  a  quee n an d a n ace ? 
kin g an d ace ? 

K 

K 

30 
95 
40 
95 

-i K 

- K 

15 
75 
55 
90 

K -n Q A 
A K  Q  - A 
A K  -. Q -. A 

Q A  -. K - Q A 

(Illusio n o f  possibility ) 
(Contro l  'yes '  response ) 
(Illusio n o f  impossibility ) 
(Contro l  'no '  response ) 

- K Q  A 
-. A -. K - Q A 
- A K  Q  ^ A 

-- Q -n A -n K Q  l A 

(Illusio n o f  possibility ) 
(Contro l  'yes '  response ) 
(Illusio n o f  impossibility ) 
(Contro l  'no '  response ) 

effectiv e tha n th e illusion s o f  possibilit y  (Wilcoxo n test ,  z 
= 3.03 ,  p  <  .005) .  I n thi s case ,  th e potentia l  explanatio n 
tha t  w e mentione d earlie r  i s  inappropriate .  Instead ,  i f  a 
questio n ha s on e conjunc t  represente d i n a  menta l  model . 

Table 4: The percentages of correct responses to the 
problem s i n Experimen t  2 .  Th e figure s i n parenthese s ar e 
th e mea n confidenc e rating s (o n a  five-poin t  scale) . 

Illusion s o f  possibilit y 
Illusion s o f  impossibilit y 

Illusion s Control s 
8 (4.41 )  8 5 (4.25 ) 

36 (3.99 )  7 3 (4.23 ) 

peopl e ar e mor e likel y t o infe r  tha t  th e situatio n i s possible . 

Conclusions 

Our experiments have confirmed that illusory inferences 
occu r  i n moda l  reasoning ,  i.e .  reasonin g abou t  possibilities . 
Previou s result s hav e show n tha t  illusion s als o occu r  i n 
inference s yieldin g logicall y necessar y conclusion s an d 
probabilisti c  conclusion s (Johnson-Lair d an d Savary ,  1996) . 
One skeptica l  reactio n t o thes e earlie r  studie s wa s tha t  th e 
premise s elicitin g illusion s mus t  b e to o complicate d fo r 
logically-untraine d individual s t o understan d -  eve n though , 
as w e hav e argued ,  th e participant s wer e equall y confiden t  i n 
drawin g correc t  conclusion s t o comparabl e contro l  problems . 
The result s o f  Experimen t  2  ar e a  decisiv e refutatio n o f  th e 
skeptica l  view ,  becaus e th e sam e premise s wer e use d t o 
elici t  bot h th e illusion s an d contro l  inferences .  Al l  tha t 
differ s ar e th e particula r  questions ,  and ,  a s Tabl e 3  shows , 
ther e i s n o overal l  differenc e betwee n th e question s elicitin g 
illusion s an d thos e elicitin g contro l  responses . 

Reasoner s ar e susceptibl e t o bot h illusion s o f  possibilit y 
and illusion s o f  impossibility .  Thes e illusion s ar e predicte d 
by th e mode l  theory ,  bu t  the y refut e curren t  theorie s o f 
reasonin g base d o n forma l  rule s o f  inferenc e (se e e.g . 
Osherson ,  1976 ;  Rips ,  1994) ,  whic h contai n onl y rule s tha t 
yiel d vali d conclusions .  Thes e theorie s therefor e hav e n o 
way t o explai n th e fac t  tha t  reasoner s dra w on e an d th e sam e 
invali d conclusio n t o certai n premises .  Th e illusion s see m 
t o aris e becaus e reasoner s ca n cop e wit h truth ,  bu t  no t  wit h 
falsity .  T o rel y onl y o n trut h i s a  sensibl e adaptatio n t o 
limite d processin g capacity .  I n som e cases ,  however ,  i t 
lead s reasoner s int o th e illusio n tha t  the y gras p a  se t  o f 
possibilitie s tha t  i s  i n fac t  beyon d them . 
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