
A M o d e l  Theor y o f  M o d a l  Reasonin g 

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

Princeto n Universit y 
Gree n Hal l 

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

V i c t o r i a Bel l 
Departmen t  o f  Psycholog y 

Princeto n Universit y 
Gree n Hal l 

Princeton ,  N J 0854 4 
v a b e l i e p r i n c e t o n . e d u 

Abstrac t 

This paper presents a new theory of modal reasoning, i.e. 
reasonin g abou t  wha t  ma y o r  ma y no t  b e th e case ,  an d wha t 
must  o r  mus t  no t  b e th e case .  A  conclusio n i s possibl e i f  i t 
hold s i n a t  leas t  on e menta l  model ,  wherea s i t  i s  necessar y 
i f  i t  hold s i n al l  th e models .  Th e theor y make s a  crucia l 
prediction ,  whic h w e corroborate d experimentally .  Ther e 
i s a  ke y interaction :  i t  i s  easie r  t o infe r  tha t  a  situatio n i s 
possibl e a s oppose d t o impossible ,  wherea s i t  i s  easie r  t o 
infe r  tha t  a  situatio n i s no t  necessar y a s oppose d t o 
necessary . 

Introduction 

Consider the following inference: Given the diagnosis: 
The fla w i s i n th e turbin e o r  i n th e governor ,  o r  both . 

i t  follow s that : 
The fla w ma y b e i n bot h th e turbin e an d th e governor . 

Thi s i s a n exampl e o f  moda l  reasoning ,  tha t  is ,  reasonin g 
abou t  wha t  ma y o r  m a y no t  b e th e case ,  o r  wha t  mus t  o r 
must  no t  b e th e case .  Logician s fro m Aristotl e onward s 
hav e studie d moda l  logi c (Hughe s &  Cresswell ,  1996) ;  bu t 
i t  ha s bee n neglecte d b y psychologist s (thoug h cf .  Osherson , 
1976) .  Ou r  ai m i n th e presen t  pape r  i s t o mak e goo d th e 
omission .  W e wil l  propos e a  theor y o f  moda l  reasoning , 
contras t  i t  wit h anothe r  nascen t  approac h t o th e topic ,  an d 
sho w tha t  th e evidenc e support s ou r  theory . 

The Mental Model Theory of Modal 
Reasonin g 

The mental model theory postulates that reasoning is a 
semanti c process ,  whic h depend s o n understandin g th e 
meanin g o f  premises .  I n th e cas e o f  verba l  reasoning , 
model s ar e constructe d fro m a  representatio n o f  th e linguisti c 
meanin g o f  th e assertion s and ,  wher e relevant ,  fro m genera l 
knowledge .  Reasoner s formulat e a n informativ e conclusio n 
fro m th e model s o f  th e premises ,  an d the y asses s it s strengt h 
fro m th e proportio n o f  model s o f  th e premise s i n whic h i t  i s 
tru e (Johnson-Laird ,  1994) . 

A menta l  mode l  is ,  b y definition ,  a  representatio n tha t 
correspond s t o a  se t  o f  situations ,  an d tha t  ha s a  structur e 
and conten t  tha t  capture s wha t  i s  c o m m o n t o thes e 
situations .  A  fundamenta l  assumptio n o f  th e theoi y i s that , 
i n orde r  t o minimiz e th e loa d o n workin g memory ,  peopl e 
normall y tak e int o accoun t  onl y wha t  i s true .  Thi s principl e 
i s subtl e becaus e i t  applie s a t  tw o levels :  individual s 

represen t  onl y tru e possibilities ;  an d the y represen t  onl y th e 
tru e component s o f  thes e tru e possibilities . 

Conside r  th e followin g exclusiv e disjunction ,  fo r 
example : 

Ther e i s a  no t  a  circl e o r  els e ther e i s a  triangle ,  bu t  bot h 
proposition s canno t  b e true . 

Th e menta l  model s o f  th e disjunctio n represen t  onl y th e tru e 
possibilities ,  an d withi n them ,  the y represen t  onl y thei r  tru e 
components : 

-> o 
A 

wher e '-> '  denote s negation ,  'o '  denote s a  mode l  o f  th e circle , 
'A '  denote s a  mode l  o f  th e triangle ,  an d eac h ro w denote s a 
model  o f  a  separat e possibility .  Hence ,  th e first  mode l  doe s 
not  represen t  explicitl y  tha t  i t  i s fals e tha t  ther e i s a  triangl e 
i n thi s case ;  an d th e secon d mode l  doe s no t  represen t 
explicitl y  tha t  i t  i s  fals e tha t  ther e i s  no t  a  circl e i n thi s 
case .  Reasoner s mak e a  'menta l  footnote '  t o kee p trac k o f 
thi s fals e information ,  bu t  thes e footnote s ar e soo n likel y t o 
be forgotten .  Indeed ,  th e failur e t o cop e wit h falsit y give s 
rise  t o illusor y inference s abou t  moda l  conclusions ,  i.e . 
inference s tha t  nearl y everyon e makes ,  bu t  tha t  ar e wron g 
(Johnson-Lair d &  Goldvarg ,  1997) .  Onl y full y  explici t 
model s o f  wha t  i s possibl e give n th e exclusiv e disjunctio n 
represen t  th e fals e component s i n eac h model : 

-" O -" A 
o A 

wher e a  fals e affirmativ e propositio n (e.g .  ther e i s a  triangle ) 
i s represente d b y a  tru e negation ,  an d a  fals e negativ e 
propositio n (e.g .  ther e i s no t  a  circle )  i s represente d b y a  tru e 
affirmative . 

Tabl e 1  summarize s th e menta l  model s fo r  eac h o f  th e 
majo r  sententia l  connectives ,  an d i t  als o show s th e full y 
explici t  model s tha t  represen t  th e fals e component s o f  tru e 
propositions .  I t  represent s thes e fals e case s a s tru e 
negations .  Th e relatio n betwee n th e full y explici t  model s 
and trut h table s i s transparent :  the y correspon d one-to-on e 
wit h th e tru e row s i n th e trut h table s fo r  connectives .  Th e 
menta l  model s ar e simpler :  the y correspon d t o th e 
componen t  affirmativ e o r  negativ e proposition s i n th e 
premis e tha t  ar e tru e i n th e tru e rows . 

The mode l  theor y account s fo r  moda l  reasoning .  Eac h 
model  represent s a  se t  o f  possibilitie s tha t  hav e i n c o m m o n 
th e structur e an d conten t  o f  th e model .  Hence ,  a  stat e o f 
affair s  i s possibl e -  i t  ma y happe n -  i f  i t  occur s i n a t  leas t 
one mode l  o f  th e premises .  Accordin g t o th e theory , 
reasoner s represen t  wha t  i s tru e i n a  possibility ,  no t  wha t  i s 
false .  A s a n example ,  conside r  agai n th e assertion : 
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Tabl e 1 :  Th e menta l  model s an d ih e full y explici t  mcxiel s fo r 
five  sententia l  connectives :  '-> '  denote s negatio n an d ' .  .  . ' 
denote s a  wholl y implici t  mcxiel . 

Connectiv 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 the n B : 

Menta l  model s 
A B 

A 

:  A 

A 

A 

A 

B 

B 
B 

B 

B 

Full y Explici t  model s 
A B 

A 
-. A 

A 
-• A 

A 

A 
-l A 
- A 

A 
-. A 

-i B 
B 

-. B 
B 
B 

B 
B 

-. B 

B 
-• B 

Th e fla w i s i n th e turbin e o r  i n th e governor ,  o r  both . 
Reasoner s shoul d buil d th e followin g se t  o f  model s o f  thi s 
assertion : 

turbin e 
governo r 

turbin e governo r 
wher e 'turbine '  denote s a  mode l  o f  a  flaw  i n th e turbine ,  an d 
'governor '  denote s a  mode l  o f  a  fla w i n th e governor .  Th e 
thir d mode l  yield s th e moda l  conclusion : 

The fla w ma y b e i n bot h th e turbin e an d th e governor . 
Thi s assertio n i s th e mos t  informativ e moda l  conclusio n 
give n tha t  reasoner s d o no t  represen t  fals e component s o f 
possibilitie s becaus e i t  concern s bot h o f  th e constituen t 
proposition s i n th e premise . 

Suppos e tha t  ther e i s a  fla w i n onl y tw o o f  th e followin g 
component s o f  a  comple x system : 

I f  there' s a  fla w i n th e governo r  the n there' s a  fla w i n th e 
turbine . 
I f  there' s a  flaw  i n th e dynam o the n ther e i s no t  a  flaw  i n 
th e transformer . 

Th e first  assertio n ha s th e followin g menta l  model s (se e 
Tabl e 1) : 

governo r  turbin e 

where the ellipsis denotes a wholly implicit model, and 
reasoner s shoul d mak e a  menta l  footnot e tha t  th e explici t 
model  exhaust s th e model s i n whic h th e flaw  i s i n th e 
governor .  Likewise ,  th e secon d assertio n ha s th e models : 

dynamo - •  transforme r 

Since the flaw can be in only two of the four components, 
th e premise s yiel d th e followin g thre e possibilities : 

governo r  turbin e 
turbin e dynam o 
turbin e transforme r 

A nd thes e model s suppor t  th e moda l  conclusion : 

.-.Th e flaw  mus t  b e i n th e turbine . 
becaus e i t  hold s i n al l  th e model s o f  th e premises .  The y 
als o suppor t  th e moda l  conclusion : 

.• .  Th e flaw  ma y b e i n th e transformer . 
becaus e i t  hold s i n a t  leas t  on e mode l  o f  th e premises . 

The previou s exampl e illustrate s a n importan t  principle . 
The mode l  theor y predict s a  ke y interactio n betwee n th e 
mcxlalil y  o f  a  conclusio n (whethe r  i t  concern s a  possibilit y 
or  a  necessity )  an d th e polarit y o f  th e conclusio n (whethe r  i t 
i s  affirmativ e o r  negative) .  A  singl e mode l  a n exampl e -
establishe s a  clai m abou t  wha t  i s  possible ,  e.g .  th e flaw 
may b e i n th e transformer ;  bu t  al l  model s mus t  b e 
counterexample s t o refut e suc h a  claim ,  e.g .  th e flaw  canno t 
be i n bot h th e governo r  an d th e dynamo .  I n contrast ,  al l 
model s mus t  b e example s t o establis h a  clai m abou t  wha t  i s 
necessary ,  e.g .  th e flaw  mus t  b e i n th e turbine ;  bu t  a  singl e 
model  a  counterexampl e suffice s t o refut e suc h a  claim , 
e.g .  th e flaw  nee d no t  b e i n th e governor .  Thes e principle s 
are ,  o f  course ,  closel y relate d t o th e semanti c interpretation s 
invoke d b y logician s fo r  th e fou r  sort s o f  moda l 
propositions ,  whic h relat e th e meanin g o f  necessit y t o th e 
universa l  quantifie r  an d th e meanin g o f  possibilit y t o th e 
existentia l  quantifie r  (Hughe s &  Cresswell ,  1996) .  I t 
follow s tha t  conclusion s abou t  wha t  i s possibl e shoul d b e 
easie r  t o dra w faste r  an d mor e accurat e -  tha n conclusion s 
abou t  wha t  i s no t  possible ;  wherea s conclusion s abou t  wha t 
i s no t  necessar y shoul d b e easie r  t o dra w tha n conclusion s 
abou t  wha t  i s  necessary .  Thi s interactio n i s th e centra l 
predictio n o f  th e mode l  theor y o f  moda l  reasoning .  Ther e 
wer e n o dat a i n th e literatur e concernin g thi s prediction ,  an d 
so w e carrie d ou t  severa l  experiment s i n orde r  t o tes t  it . 

Experiment 1: 
T h e In teract io n i n V i s u a l  R e a s o n i n g 

The first experiment examined the key interaction in the 
domai n o f  visua l  reasoning .  Th e participant s i n th e 
experimen t  wer e aske d question s abou t  building s alon g 
variou s route s i n maps .  Th e question s concerne d eithe r 
possibilities ,  e.g. :  I s i t  possibl e t o g o fro m th e churc h t o 
th e ban k vi a a  hotel ? o r  els e necessities ,  e.g. :  I s i t  necessar y 
t o g o fro m th e churc h t o th e ban k vi a a  hotel ? Th e correc t 
answer s t o th e questions ,  dependin g o n th e map ,  wer e eithe r 
'yes '  o r  els e 'no' .  Th e predicte d interactio n i s  tha t  th e 
participants '  affirmativ e answer s shoul d b e faste r  tha n thei r 
negativ e answer s fo r  wha t  i s possible ,  wherea s thei r  negativ e 
answer s shoul d b e faste r  tha n thei r  affirmativ e answe r  fo r 
what  i s necessary .  Onl y on e rout e i s neede d t o affir m a 
possibilit y  (o r  t o den y a  necessity) ,  wherea s al l  route s ar e 
neede d t o den y a  possibilit y  (o r  t o affir m a  necessity) . 

Twent y Princeto n an d Rutger s students ,  wit h n o trainin g 
i n logic ,  serve d a s thei r  o w n controls .  The y carrie d ou t  fou r 
problem s i n eac h o f  eigh t  condition s base d o n th e modalit y 
of  th e questio n ('possible '  o r  'necessary') ,  th e polarit y o f  it s 
correc t  answe r  ('yes '  o r  'no') ,  an d th e numbe r  o f  possibl e 
route s fro m th e tw o landmark s referre d t o i n th e questio n 
(tw o o r  four) .  Eac h participan t  carrie d ou t  th e 3 2 trial s i n 
one o f  tw o differen t  rando m order s o f  3 2 maps . 

Tabl e 2  present s th e latencie s o f  th e correc t  responses . 
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Tabl e 2 :  Th e latencie s (i n seconds )  o f  th e correc t  response s 
t o th e fou r  sort s o f  problem s i n Experimen t  I  ( n =  20) . 

Yes'  response s 
'No '  response s 

Overal l 

Possibl e 
question s 

5. 1 
10. 1 

7. 6 

Necefvsar y 
question s 

9. 3 
8. 3 

8. 8 

Overal l 

7. 2 
9. 2 

8. 2 

Overall ,  th e participant s wer e faste r  t o respon d correctl y t o 
question s abou t  possibilit y  (mea n 7. 6 seconds )  tha n t o 
question s abou t  necessit y (mea n 8. 8 seconds ;  Wilcoxo n 
test ,  z  =  2.65 ,  p  <  .005) .  Likewise ,  the y wer e faste r  t o 
respon d affirmativel y (mea n 7. 2 seconds )  tha n t o respon d 
negativel y (mea n 9. 2 seconds ;  Wilcoxo n test ,  z  =  3.66 ,  p 
< .0005) .  But ,  ther e wa s n o significan t  differenc e i n 
respons e time s t o th e two-rout e an d four-rout e problems . 
More importan t  tha n thes e effects ,  however ,  i s  th e ke y 
interactio n betwee n modalit y an d polarity ,  whic h i s eviden t 
i n th e table .  Al l  2 0 participant s followe d th e predicte d 
interactio n ( p =  .5^0 ,  i.e .  les s tha n 1  i n a  million) ,  tha t  is , 
the y wer e faste r  t o respon d affirmativel y tha n negativel y t o 
question s abou t  possibilities ,  wherea s the y wer e faste r  t o 
respon d negativel y tha n affirmativel y t o question s abou t 
necessities . 

The interactio n betwee n modalit y an d polarit y i s almos t 
self-eviden t  whe n individual s answe r  question s fro m maps . 
Give n a  questio n abou t  a  possibility ,  the y ca n answe r 
affirmativel y a s soo n a s the y hav e foun d a  rout e passin g a 
target ,  wherea s the y ca n answe r  negativel y onl y afte r  the y 
hav e checke d al l  routes .  Conversely ,  give n a  questio n abou t 
a necessity ,  the y ca n answe r  negativel y a s soo n a s the y hav e 
foun d a  rout e tha t  doe s no t  pas s a  target ,  wherea s the y ca n 
answer  affirmativel y onl y afte r  the y hav e checke d al l  th e 
routes . 

The corroboratio n o f  th e predicte d interactio n show s tha t 
at  leas t  i n on e domai n visua l  reasonin g -  a n approac h t o 
modal  reasonin g base d o n menta l  model s i s highl y 
plausible .  A  mor e stringen t  tes t  o f  th e mode l  theory' s ke y 
interactio n i s provide d b y reasonin g fro m verba l  premises . 
I f  th e theor y i s correct ,  the n reasoner s wil l  construc t  model s 
fro m thei r  understandin g o f  th e premises ,  an d s o th e 
interactio n shoul d stil l  occur .  W e teste d thi s predictio n i n 
Experimen t  2 . 

Experiment 2: 
T h e Interactio n i n V e r b a l  R e a s o n i n g 

The participants read two premises about the players in a 
game o f  one-on-on e basketball ,  i.e .  game s i n whic h ther e ar e 
onl y tw o players ,  wh o pla y agains t  eac h other .  Thus ,  o f  th e 
fou r  player s referre d t o i n th e followin g premises ,  onl y tw o 
can b e i n th e game : 
1.  I f  Alla n i s i n the n Bets y i s in . 

I f  Cari a i s i n the n Davi d i s out . 
Can Bets y b e i n th e game ? 

1 h e firs t  premis e elicit s th e models : 
A B 

where 'A' denotes a model of Allan in the game, and 'B' 
denote s a  mode l  o f  Bets y i n th e game ,  an d reasoner s mak e a 
menta l  footnot e tha t  th e explici t  mode l  exhaust s th e model s 
i n whic h A  occurs .  T o answe r  th e question ,  'Ca n Bets y b e 
in?' ,  reasoner s nee d t o verif y onl y tha t  th e explici t  mode l 
abov e i s consisten t  wit h th e secon d premise ,  i.e .  i t  i s  a 
member  o f  th e se t  o f  model s o f  bot h premises .  Th e secon d 
premis e elicit s th e models : 

C -. D 

where "-"D' denotes a model of David out of the game, i.e. 
not  i n th e game .  Reasoner s wh o g o n o furthe r  wil l  judg e 
tha t  th e mode l  containin g A  an d B  i s consisten t  wit h thes e 
models ,  becaus e thes e tw o player s ca n occu r  i n on e o f  th e 
case s represente d b y th e wholl y implici t  mode l  o f  th e secon d 
premis e (denote d b y th e ellipsis) .  I n fact ,  the y wil l  b e 
correct ,  becaus e i f  th e secon d se t  o f  model s i s fleshe d ou t 
explicitly ,  the y are : 

C - D 
-- C D 
-• C -. D 

Grante d tha t  tw o player s mus t  b e i n th e game ,  th e las t  o f 
thes e thre e model s correspond s t o th e cas e wher e bot h A  an d 
B ar e playing . 

N o w,  conside r  th e sam e premise s bu t  couple d wit h th e 
questio n concernin g necessity : 

Must  Bets y b e i n th e game ? 
I n thi s case ,  reasoner s nee d t o verif y tha t  al l  possibl e 
model s o f  th e premise s contai n B .  Give n tha t  th e first 
premis e allow s tha t  B  ca n pla y withou t  A ,  B  ca n b e adde d t o 
eac h mode l  o f  th e secon d premis e an d t o mak e u p th e tea m 
of  tw o players ,  A  mus t  b e adde d t o th e thir d o f  thes e models . 
I n sum ,  th e premise s ar e consisten t  wit h thre e possibl e 
games: 

B C  -. D 
B -' C D 

A B  -. C -> D 
I t  follow s tha t  B  mus t  b e i n th e game .  I f  reasoner s 
construc t  thes e models ,  the n the y ca n respond ,  'Yes, '  t o th e 
questio n fo r  th e right  reasons . 

An alternativ e strateg y i s t o tr y t o construc t  a  mode l  i n 
whic h B  i s out .  Conside r  th e secon d se t  o f  models : 

C -. D 
-. C D 
-i C -. D 

I n th e first  case ,  i f  B  i s  out ,  the n A  i s th e onl y playe r  lef t 
t o b e in .  But ,  i f  A  i s in ,  the n B  shoul d b e too ;  an d th e 
resul t  woul d b e a n illega l  gam e wit h thre e player s instea d o f 
two .  Hence ,  B  i s  in .  Th e sam e argumen t  applie s mutati s 
mutandi s t o th e secon d model .  And ,  a s w e hav e seen ,  B  an d 
A mus t  complet e th e thir d model .  Onc e again ,  reasoner s 
hav e t o conside r  al l  thre e model s i n answerin g th e questio n 
usin g thi s strategy . 

T o creat e a  proble m t o whic h th e correc t  answer s t o 
th e tw o moda l  question s ar e negative ,  on e metho d i s t o 
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construc t  th e dija !  o f  th e previou s proble m 1 ,  i.e .  t o chang e 
'in '  t o 'out' ,  an d vic e versa .  Th e resultin g dua l  is : 
2.  I f  Alla n i s ou t  the n Bets y i s out . 

I f  Carl a i s ou t  the n Davi d i s in . 
Thi s proble m ha s th e followin g thre e full y explici t  models : 

- A ^ B C D 
A -. B -. C D 
A -. B C  -i D 

I t  i s  therefor e impossibl e fo r  B  t o b e in ,  an d s o bot h th e 
possibl e an d necessar y question s hav e negativ e answers . 
Give n th e necessar y question :  'Mus t  B  b e in? '  reasoner s ar e 
likel y t o construc t  th e mos t  salien t  mode l  o f  th e firs t 
premise : 

-l A -. B 
and the n t o establis h tha t  th e secon d premis e allow s bot h C 
and D  t o b e in .  Th e answe r  t o th e questio n i s accordingly , 
'No' .  I n contrast ,  give n th e possibl e question :  'Ca n B  b e 
in? '  reasoner s mus t  no w conside r  al l  thre e possibl e model s 
of  th e premise s i n orde r  t o answe r  'No '  correctly . 

Problem s I  an d 2 ,  whic h ar e base d o n conditiona l 
premises ,  ca n als o b e expresse d usin g inclusiv e disjunctions , 
becaus e i n thi s domai n a n assertio n o f  th e form : 

I f  Alla n i s i n the n Bets y i s in . 
i s  equivalen t  t o on e o f  th e form : 

Alla n i s ou t  and/o r  Bets y i s in . 
wher e 'and/or '  expresse s a n inclusiv e disjunction .  Th e 
disjunctiv e equivalent s o f  problem s 1  an d 2  ar e thus : 
1' .  A  i s ou t  and/o r  B  i s in . 

C i s ou t  and/o r  D  i s out . 
2' .  A  i s i n and/o r  B  i s out . 

C i s i n and/o r  D  i s in . 
Differen t  model s ar e likel y t o b e salien t  whe n th e 

problem s ar e expresse d usin g disjunctions .  However ,  th e 
theor y stil l  predict s th e ke y interaction :  a  possibilit y  i s 
establishe d b y a  singl e mode l  an d refute d onl y b y al l  thre e 
models ,  wherea s a  necessit y i s refute d b y a  singl e mode l  an d 
establishe d onl y b y al l  thre e models . 

Twent y Princeto n undergraduate s unU^ne d i n logi c serve d 
as thei r  ow n control s fo r  a  tota l  o f  3 2 problems ,  whic h wer e 
presente d i n eithe r  on e rando m orde r  o r  it s  opposite .  The y 
carrie d ou t  fou r  version s o f  eac h o f  eigh t  sort s o f  problem s 
whic h wer e base d o n whethe r  th e premise s wer e conditional s 
or  disjunctions ,  th e questio n wa s abou t  a  possibilit y  o r  a 
necessity ,  an d th e correc t  answe r  wa s affirmativ e o r  negative . 
Each proble m wa s presente d twic e (wit h differen t  name s o n 
th e tw o occasions) ,  onc e wit h a  'can '  questio n abou t  a 
particula r  playe r  an d onc e wit h a  'must '  questio n abou t  th e 
equivalen t  player . 

Tabl e 3  present s th e percentage s o f  correc t  response s t o 
th e fou r  sort s o f  problem s (affirmativ e possibility ,  negativ e 
possibility ,  affirmativ e necessity ,  an d negativ e necessity) , 
and th e latencie s o f  th e correc t  response s (i n seconds) .  Ther e 
was n o reliabl e differenc e i n accurac y o r  spee d betwee n th e 
conditiona l  an d disjunctiv e problems ,  an d s o w e hav e poole d 
thei r  results .  Th e participant s wer e mor e accurate ,  however , 
i n respondin g 'yes '  tha n i n respondin g 'no '  (Wilcoxo n Test , 
z =  1.993 ,  p  <  0.05) ,  whic h presumabl y reflecte d th e well -
establishe d differenc e betwee n affirmative s an d negative s (se e 
e.g .  Wason ,  1959 ;  Clark ,  1969) . 

fabl e 3 :  Th e percentage s o f  correc t  response s t o th e fou r 
sort s o f  problem s i n Experimen t  2  ( n =  20 )  an d i n 
parenthese s th e latencie s o f  th e correc t  response s i n seconds . 

'Yes '  response s 
'No '  response s 

Overal l 

Possibl e 
question s 

91 (18.0 ) 
65 (22.3 ) 

78(20.1 ) 

Necessar y 
question s 

71 (25.6 ) 
81 (22.7 ) 

76(24.1 ) 

Overal l 

81(21.8 ) 
73 (22.5 ) 

77 (22.0 ) 

The ke y interactio n wa s corroborate d b y th e patter n o f 
correc t  responses :  th e participant s wer e correc t  mor e ofte n 
on affirmativ e possibilitie s tha n o n negativ e possibilities , 
but  the y wer e correc t  mor e ofte n o n negativ e necessitie s tha n 
on affirmativ e necessities .  O f  th e 2 0 participants ,  1 4 
followe d th e prediction ,  on e wen t  agains t  it ,  an d ther e wer e 
five  tie s (Wilcoxo n Test ,  n  =  15 ,  z  =  3.304 ,  p  <  0.001) . 
An analysi s o f  th e result s b y material s corroborate d th e 
interaction :  th e analysi s yielde d th e highes t  significanc e 
possibl e fo r  fou r  item s pe r  conditio n (Wilcoxo n Test ,  z  = 
1.826 ,  p  <  0.04) .  Th e ke y interactio n wa s als o reliabl e fo r 
th e respons e times :  ou t  o f  th e 2 0 participants ,  1 7 showe d 
th e predicte d interactio n i n thei r  dat a (Wilcoxo n Test ,  z  = 
2.912 ,  p  <  0.004) .  Th e participant s wer e faste r  t o respon d 
•yes '  correctl y t o question s abou t  possibl e player s tha n t o 
respon d 'no '  correctl y t o suc h questions ,  bu t  the y wer e faste r 
t o respon d 'no '  correctl y t o question s abou t  necessar y 
player s tha n t o respon d 'yes '  correctl y t o suc h questions . 
Ideally ,  the y shoul d hav e bee n faste r  t o respon d 'no '  t o 
question s abou t  necessar y player s tha n 'no '  t o question s 
abou t  possibl e players .  I n fact ,  thei r  negativ e response s t o 
possibl e player s wer e faste r  tha n expected ,  an d di d no t  diffe r 
i n latenc y fro m thei r  negativ e response s t o necessar y 
players .  Th e patter n o f  errors ,  however ,  suggest s tha t  ther e 
may hav e bee n a  spee d accurac y trade-of f  fo r  thes e questions . 

I n general ,  th e result s bea r  ou t  th e mode l  theory' s 
predictio n o f  a  ke y interaction .  Thi s robus t  patter n i s onl y 
t o b e expecte d i f  reasoner s mak e inference s fro m verba l 
premise s i n th e sam e wa y tha t  the y mak e inference s fro m 
maps -  i n bot h cases ,  the y wor k fro m model s o f  situations , 
eithe r  o f  route s (i n th e previou s experiment )  o r  o f  game s (i n 
th e presen t  experiment) .  The y infe r  tha t  a  stat e o f  affair s i s 
possibl e b y findin g a n exampl e o f  i t  amon g th e model s o f 
th e premises ,  bu t  infe r  tha t  stat e o f  affair s i s impossibl e b y 
failin g t o find  i t  i n an y o f  th e model s o f  th e premises . 
Similariy ,  the y infe r  tha t  a  stat e o f  affair s i s necessar y b y 
finding  i t  i n al l  o f  th e model s o f  th e premises ,  bu t  infe r  tha t 
i t  i s  no t  necessar y b y findin g a  counterexampl e t o i t  amon g 
th e models . 

Conclusions 

The model theory of modal reasoning postulates that each 
model  o f  a  se t  o f  premise s represent s a  possibility ,  i.e .  i t 
represent s wha t  i s tru e give n th e conten t  an d structur e o f  th e 
model  i n al l  th e differen t  way s i n whic h th e possibilit y 
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migh t  b e realized .  Th e theor y predict s a  ke y interactio n i n 
modal  reasoning :  reasoner s shoul d b e faste r  an d mor e 
accurat e i n establishin g a  possibilit y  tha n i n refutin g it , 
wherea s the y shoul d b e faste r  an d mor e accurat e i n refutin g a 
necessit y tha n i n establishin g it .  Th e predictio n derive s 
directl y fro m th e us e o f  models :  a  singl e exampl e 
establishe s a  possibility ,  an d onl y al l  model s ca n refut e it ; 
wherea s al l  model s establis h a  necessity ,  an d a  singl e mode l 
refute s it .  Experimen t  1  corroborate d th e ke y interactio n i n 
a domain  i n whic h participant s use d map s t o answe r 
question s abou t  routes ,  suc h as :  'I s  i t  possibl e t o g o fro m 
th e churc h t o th e ban k vi a a  hotel?' .  Wit h map s an d 
diagrams ,  i t  i s har d t o imagin e tha t  reasoner s woul d us e an y 
othe r  metho d tha n th e on e propose d b y th e mode l  theory .  A 
more strikin g resul t  i s  accordingl y th e corroboratio n o f  th e 
key interactio n i n Experimen t  2  i n whic h th e participant s 
wer e give n verba l  premise s abou t  one-on-on e game s o f 
basketball . 

I s ther e a n alternativ e explanatio n fo r  ou r  result s and ,  i n 
particular ,  a n explanatio n base d o n forma l  rule s o f  inference ? 
We canno t  answe r  thi s questio n decisivel y becaus e n o 
existin g psychologica l  theor y base d o n forma l  rule s i s 
powerfu l  enoug h fo r  th e inference s i n th e presen t  studie s 
(e.g .  Brain e an d O'Brien ,  1991 ;  Rips ,  1994) .  Nevertheless , 
we ar e skeptica l  tha t  suc h a  theor y coul d b e develope d tha t 
woul d provid e a n alternativ e accoun t  o f  th e phenomena .  Th e 
difficultie s ar e twofold .  First ,  forma l  theorie s d o no t 
distinguis h betwee n trut h an d falsit y thes e concept s ar e 
semantic ,  no t  syntacti c an d s o i t  i s  har d t o se e ho w the y 
coul d accommodat e th e principl e tha t  individual s tak e int o 
accoun t  wha t  i s  true ,  no t  wha t  i s  false .  Second ,  althoug h 
Osherson' s (1976 )  pioneerin g theor y provide s guide-line s fo r 
th e developmen t  o f  a  complet e forma l  theory ,  i t  make s n o 
use o f  example s o r  counterexamples .  Hence ,  i t  ca n giv e n o 
accoun t  o f  th e ke y interaction ,  whic h depend s o n th e contras t 
betwee n a  singl e mode l  (a n exampl e o r  counterexample )  an d 
set s o f  model s a s a  whole . 

The mode l  theor y provide s a  unifie d accoun t  o f  deductiv e 
reasoning ,  moda l  reasoning ,  an d probabilisti c  reasoning .  A 
conclusio n i s deductivel y vali d i f  i t  hold s i n al l  th e model s 
of  th e premises ;  an d i t  i s probabl e i f  i t  hold s i n mos t  model s 
of  th e premises .  And ,  a s ou r  presen t  result s hav e shown ,  a 
conclusio n i s possibl e i f  i t  hold s i n a t  leas t  on e mode l  o f  th e 
premises ,  no t  possibl e i f  i t  fail s  t o hol d i n an y o f  th e 
model s o f  th e premises ,  necessar y i f  i t  hold s i n al l  th e 
model s o f  th e premises ,  an d no t  necessar y i f  i t  fail s  t o hol d 
i n an y model s o f  th e premises . 
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