
P r o b l e m representat ion s a n d illusion s i n reason in g 

Vladimi r  M .  Sloiitsl< y (si(>utsky.l@o$u.edu ) 
Cente r  fo r  Cognitiv e Scienc e &  Schoo l  o f  Teachin g &  Learning ;  194 5 N .  Hig h Stree t 

Columbus ,  O H 43210 ,  US A 

Philip N. Johsnon-Laird (pbiI@clarity.princeton.edu) 
Departmen t  o f  Psychology ,  Princeto n Univerist y 

Green Hall ,  Princeton ,  N J 0855 4 US A 

Abstrac t 

The mental model theory of reasoning postulates that 
reasoner s buil d model s o f  th e situation s describe d i n 
premises ,  an d tha t  thes e model s normall y mak e explici t  onl y 
what  i s  true .  Th e theor y ha s a n unexpecte d consequence :  i t 
predict s th e occurrenc e o f  inference s tha t  ar e systematicall y 
invalid .  Thes e inference s shoul d aris e fro m reasoner s failin g 
t o tak e int o accoun t  wha t  i s  false .  W e repor t  a n experimen t 
tha t  corroborate d th e occurrenc e o f  thes e illusor y inferences , 
and tha t  eliminate d a  numbe r  o f  altemativ e explanation s fo r 
them.  Result s illuminat e th e controvers y amon g variou s 
curren t  theorie s o f  reasoning . 

Introduction 

Whil e reasonin g i s ubiquitou s i n h u m a n life ,  it s  underlyin g 
mechanism s ar e a  matte r  o f  controversy .  Althoug h ther e ar e 
many theorie s o f  reasonin g wit h conditional s (e.g. ,  Chen g & 
Holyoak ,  1985 ;  Cosmides ,  1989) ,  ther e ar e tw o majo r 
genera l  approache s t o reasoning :  th e syntacti c an d th e 
semantic .  Accordin g t o th e syntacti c approach ,  reasonin g 
hinge s o n a  se t  o f  forma l  rule s o f  inferenc e o r  "inferentia l 
schemata "  (Brain e &  O'Brien ,  1998 ;  Rips ,  1994) .  Fo r 
instance ,  whe n individual s ar e presente d wit h premise s o f 
th e followin g form : 

Aot B 
not- A 

the y dra w th e conclusion : 
B 

usin g th e "disjunctio n eliminatio n schema" ,  whic h i s a 
forma l  rul e tha t  ha s precisel y th e for m o f  thi s inference . 

Accordin g t o th e semanti c approach ,  th e untraine d min d 
i s no t  equippe d wit h forma l  rule s o f  inference ,  bu t  relie s 
instea d o n th e validit y o f  arguments .  Th e principl e state s 
tha t  a n inferenc e i s vali d i f  it s  conclusio n mus t  b e tru e give n 
tha t  it s premise s ar e tru e (e.g .  Johnson-Lair d &  Byrne , 
1991 ;  Pol k &  Newell ,  1995) .  A m o n g othe r  theorie s withi n 
th e semanti c approach ,  th e menta l  logi c theor y (Johnson -
Lair d &  Byrne ,  1991 )  attempt s t o explai n bot h correc t  an d 
erroneou s reasonin g usin g a  smal l  numbe r  o f  fundamenta l 
assumptions .  Thes e include :  (1 )  peopl e represen t 
informatio n i n premise s i n a  systemati c maime r  an d (2 ) 
thes e representation s ar e constructe d i n accordanc e wit h a 
principl e o f  truth : 

•  Individual s normall y represen t  onl y tru e possibilities . 
•  Withi n thes e possibilitie s the y represen t  onl y thos e 

litera l  proposition s i n th e premise s (affirmativ e o r 

negative )  tha t  ar e true . 

Given the example above, reasoners therefore construct the 
followin g menta l  models ,  wher e eac h ro w denote s a  menta l 
model  o f  a  possibility ,  an d "-' "  denote s negation : 

Firs t  premis e 

B 
B 

Secon d premis e 

The y ca n infe r  tha t  B  i s th e case ,  becaus e th e secon d 
premis e rule s ou t  thos e model s o f  th e first  premis e i n whic h 
A occurs ,  i.e. ,  th e first  an d thir d model s o f  possibilities . 

Althoug h th e syntacti c an d semanti c approache s postulat e 
differen t  mechanism s underlyin g reasoning ,  the y ofte n yiel d 
simila r  predictions .  Yet ,  ther e ar e inference s fo r  whic h thei r 
prediction s diverge .  I n particular ,  th e principl e o f  trut h lead s 
t o th e predictio n tha t  certai n inference s shoul d lea d 
reasoner s systematicall y astray .  Fo r  example ,  conside r  th e 
followin g inferenc e i n whic h yo u mus t  assum e tha t  onl y on e 
of  th e tw o conditiona l  premise s i s true : 

I f  Georg e wa s o n th e tea m the n D a n wa s o n th e team . 
I f  D a n was n ' t  o n th e tea m tha n Georg e wa s o n th e team . 

Assumin g tha t  onl y on e o f  th e abov e statement s i s true ,  i s  i t 
possibl e tha t  Georg e wa s o n th e team ,  an d D a n wa s o n th e 
team ? 

Th e menta l  mode l  theor y predict s tha t  reasoner s shoul d 
envisag e th e followin g menta l  model s o f  possibilitie s fo r  th e 
firs t  premise : 

Georg e D a n 

where the first model makes explicit the possibility in 
whic h bot h Georg e an d D a n ar e o n th e team ,  an d th e secon d 
model  (ellipses )  correspond s t o thos e possibilitie s i n whic h 
th e anteceden t  o f  th e conditiona l  i s  false .  Th e theor y 
accordingl y assume s tha t  individual s d o no t  normall y m a k e 
thes e possibiHtie s explici t  (Johnson-Lair d &  Byrne ,  1991) . 
Likewise ,  reasoner s shoul d envisag e th e followin g menta l 
model s fo r  th e secon d premise : 

^  D a n Georg e 

According to the principle of truth, when reasoners think 
abou t  th e trut h o f  on e premise ,  the y wil l  fai l  t o thin k abou t 
th e falsit y o f  th e othe r  premise .  Th e questio n pose d i n th e 
proble m i s  whethe r  i t  i s  possibl e tha t  Georg e wa s o n th e 
tea m an d D a n wa s o n th e team .  Thi s situatio n correspond s 
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t o a  possibilit y i n th e menta l  model s o f  th e first  premise , 
and s o reasoner s shoul d respon d "  yes" .  Th e respons e i s a n 
illusion ,  however .  Indeed ,  th e full y explici t  model s o f  th e 
premise s ar e respectively : 

Firs t  premis e Secon d premis e 
Georg e Da n ^  Da n Georg e 
^  Georg e D a n D a n Georg e 
^  Georg e -^Da n ^  Da n -^Georg e 

I t  follow s tha t  th e questio n I s i t  possibl e tha t  Georg e wa s o n 
th e team ,  an d D a n wa s o n th e tea m ha s th e correc t  answer , 
"no" ,  becaus e th e cas e i n whic h bot h Georg e an d Da n ar e 
members o f  th e tea m i s tru e i n bot h premises .  W e labe l  thi s 
inferenc e a s a  "yes/no "  problem ,  wher e th e first  wor d 
("yes" )  i s th e predicte d answe r  an d th e secon d wor d ("no" ) 
i s th e correc t  answer .  Th e sam e premise s suppor t  a  contro l 
inferenc e t o whic h reasoner s shoul d ge t  th e correc t  answe r 
eve n thoug h the y fai l  t o represen t  wha t  i s  false :  I s i t  possibl e 
tha t  Georg e wa s o n th e team ,  bu t  D a n wasn' t  o n th e team ? 
Th e situatio n correspond s t o a  menta l  mode l  o f  th e secon d 
premise ,  bu t  i t  i s  als o correc t  becaus e i t  occur s onl y i n th e 
full y explici t  model s o f  th e secon d premise .  W e defm e suc h 
contro l  inference s a s "yes/yes "  problems . 

By pairin g th e sam e premise s wit h tw o othe r  sort s o f 
question ,  w e ca n creat e inference s t o whic h reasoner s 
shoul d fal l  int o th e tra p o f  respondin g "no "  incorrectl y 
("n o yes "  problems) :  I s  i t  possibl e tha t  Georg e wa s no t  o n 
th e team ,  an d D a n wa s no t  o n th e team ? W e ca n als o creat e 
a correspondin g contro l  proble m t o whic h reasoner s shoul d 
respon d 'no "  correctl y ("no/no "  problems) :  I s  i t  possibl e 
tha t  Georg e wasn' t  o n th e team ,  bu t  D a n wa s o n th e team ? 

The sourc e o f  th e illusion s accordin g t o th e mode l  theor y 
i s th e failur e t o represen t  wha t  i s  false .  Thi s failur e i s likel y 
t o b e mor e pronounce d amon g thos e w h o hav e littl e o r  n o 
trainin g i n reasoning ,  an d amon g thos e w h o scor e les s wel l 
o n S A T tests ,  whic h Keit h Stanovic h (persona l 
communication )  ha s show n t o correlat e significantl y wit h 
logica l  performance . 

I t  i s  als o know n fro m previou s wor k o n reasonin g abou t 
possibilitie s (Bel l  &  Johnson-Laird ,  1998 )  tha t  i t  i s  easie r 
fo r  peopl e t o establis h tha t  a  conclusio n i s possibl e tha n i t  i s 
t o establis h tha t  th e conclusio n i s impossible .  However ,  i t  i s 
easie r  fo r  the m t o establis h tha t  a  conclusio n i s no t 
necessar y tha n tha t  i t  i s  necessary .  Th e reaso n fo r  thi s 
divergenc e i s  tha t  t o establis h tha t  a  conclusio n i s 
impossibl e o r  necessary ,  on e need s t o searc h throug h al l 
models ,  wherea s t o establis h tha t  a  conclusio n i s possibl e o r 
uimecessary ,  i t  i s  sufficien t  t o find  jus t  on e exampl e o r 
counterexample .  Therefore ,  w e ca n predic t  tha t  bot h 
illusor y an d contro l  problem s tha t  requir e participant s t o 
answe r  "No "  (impossible) ,  shoul d b e harde r  tha n respectiv e 
problem s requirin g the m t o answe r  "Yes "  (possible) .  A s a 
result ,  Yes/N o illusio n shoul d b e harde r  tha n NoA'e s 
illusions ,  an d No /N o control s shoul d b e harde r  tha n 
YesAfe s controls . 

I n contras t  t o th e mode l  theory ,  curren t  theorie s base d o n 
forma l  rule s o f  inferenc e (e.g .  Rips ,  1994 ;  Brain e & 
O'Brien ,  1998 )  d o no t  predic t  th e occurrenc e o f  th e illusor y 
inferences .  Thes e theorie s rel y solel y o n vali d rule s o f 
inference ,  an d s o i n principl e the y canno t  predic t  th e 
occurrenc e o f  systematicall y erroneou s conclusions . 

Becaus e bot h illusor y an d contro l  problem s ar e base d o n th e 
same premises ,  th e forma l  rule s theoris t  shoul d predic t  n o 
systemati c difference s betwee n illusor y an d contro l 
problems . 

An experiment comparing illusory inferences 
a n d contro l  inference s 

I n orde r  t o tes t  th e mode l  theory' s predictions ,  w e carrie d 
out  a n experimen t  i n whic h w e examine d performanc e o n 
fou r  types -  o f  inferenc e problems .  The y wer e illusor y 
inference s wit h a  predicte d respons e o f  "yes "  (yes/n o 
problems) ,  illusor y inference s wit h a  predicte d respons e o f 
"no "  (no/ye s problems) ,  an d thei r  respectiv e control s 
(yes/ye s problems )  an d (no/n o problems) .  Th e fou r  type s o f 
problem s wer e base d o n th e sam e premise s s o tha t  n o 
difference s i n th e premise s coul d b e responsibl e fo r  th e 
results .  Similarly ,  al l  th e question s followin g th e premise s 
wer e i n th e for m o f  conjunctions .  Th e for m o f  th e problem s 
i s summarize d i n Tabl e 1 .  Th e problem s i n se t  A  ar e thos e 
tha t  w e describe d i n th e Introduction .  Thos e i n se t  B  ar e 
comparabl e wit h th e fou r  type s o f  problem s al l  base d o n th e 
same premises . 

Method 

Participant s T w o group s o f  undergraduat e student s 
participate d i n th e experiment .  On e grou p o f  1 8 wer e 
recruite d fro m a  privat e (highl y selective )  universit y (A /  = 
20. 6 years ,  S D =  1.4 ;  1 1 m e n an d 7  w o m e n )  an d 2 0 fro m a 
larg e publi c (mainl y non-selective )  universit y { M =  20. 0 
years ,  S D =  1.5 ;  9  m e n an d 1 1 w o m e n ) .  Hence ,  th e tw o 
group s wer e draw n fro m tw o populations ,  whic h diffe r  i n 
thei r  require d S A T score s an d i n th e emphasi s i n thei r 
curricul a o n mathematica l  training . 
Material s Eac h participan t  carrie d ou t  1 6 problem s (th e 
eigh t  sort s o f  problem s i n Tabl e 1  an d eigh t  filler  items )  i n 
one o f  tw o rando m orders .  Th e conten t  o f  th e problem s 
conceme d tea m membership s an d eac h o f  th e 1 6 problem s 
was abou t  a  differen t  pai r  o f  individuals ,  i.e .  frequen t  one -
or  two-syllabl e first  name s o f  male s an d females . 
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Tabl e 1 :  Th e inference s i n th e experiment ,  thei r  menta l  models ,  an d thei r  full y  explici t  models . 

I n eac h set ,  onl y on e o f  th e premise s i s true . 

Proble m se t  A 

I f  B  the n A 
Ifno t  A t h e n B 

1.  I s B  &  A  possible ? (yes/no ) 

2.  I s B  &  not- A possible ? (yes/yes ) 

3.  I s no t  B  « & not- A possible ? (no/yes ) 

4.  I s no t  B  &  A  possible ? (no/no ) 

Proble m se t  B 

If B thenno t  A 
I f  A t h e n B 

1.  I s B  &  no t  A  Possible ? (yes/no ) 

2.  I s A  &  B  Possible ? (yes/yes ) 

3.  I s no t  B  &  A  possible ? (no/yes ) 

4.  I s no t  A  &  no t  B  possible ? (no/no ) 

Menta l  model s 

Premis e 
1 

B A 

Premis e 
2 

- A B 

B &  A  ar e i n th e firs t 
premis e 

B &  -  A  ar e i n th e 
secon d premis e 

^ B &  -' A ar e no t  i n th e 
premise s 

^ B &  A  ar e no t  i n th e 
premise s 

Menta l  model s 
Premis e 

1 
B - A 

Premis e 
2 

A B 

B &  -- A ar e i n th e firs t 
premis e 

A &  B  ar e i n th e secon d 
premis e 

B &  ^ A ar e no t  i n th e 
premise s 

-• A &  -' B ar e no t  i n th e 
premise s 

Full y explici t  model s 

Premis e 

1 
B A 

- B A 
-^B- A 

Premis e 
2 

-̂ A B 
A - B 
A B 

B &  A  ar e i n bot h 
premise s 

B &  -' A ar e i n th e 
secon d premis e 

- B &  - A ar e i n th e first 
premis e 

^ B &  A  ar e no t  i n th e 
premise s 

Full y explici t  model s 

Premis e 
1 

B - A 
- B A 
- B - A 

Premis e 
2 

A B 
- A B 
- A - B 

B &  ^ A ar e i n bot h 
premise s 

A &  B  ar e i n th e secon d 
premis e 

-' B &  A  ar e i n th e firs t 
premis e 

^ A &  -' B ar e i n bot h 
premise s 

Procedur e Th e participant s wer e teste d individually .  Th e 
experimente r  rea d the m th e instruction s an d presente d the m 
wit h a  warm-u p problem .  Th e ke y componen t  o f  th e 
instmction s wa s a s follows :  Imagin e tha t  ther e i s a  meetin g 
of  tw o ol d coache s wh o coache d togethe r  tw o competin g 
teams ,  th e Bull s an d th e Wildcats .  The y starte d talkin g 
about  th e goo d ol d day s whe n thei r  team s competed .  Bu t  i t 
soon turne d ou t  tha t  a s i n th e goo d ol d day s the y coul d no t 
agre e o n anything .  I n particular ,  the y weren' t  eve n abl e t o 
agre e o n wh o wa s o n eac h team .  S o the y migh t  nee d you r 
help .  Bu t  befor e helpin g them ,  I  wan t  yo u t o kno w tha t  i n 
ever y argue d case ,  the y canno t  b e bot h righ t  o r  bot h wrong . 
I n othe r  words ,  i n eac h cas e on e o f  the m i s  righ t  an d th e 
othe r  i s  wrong .  Sometime s i t  i s  th e coac h o f  th e Bull s 
(Coac h Bull )  wh o i s right ,  sometime s i t  i s  th e coac h o f  th e 
Wildcat s (Coac h Wildcat) ,  bu t  i t  i s  alway s th e cas e tha t  onl y 
one i s righ t  an d anothe r  i s wrong .  You r  goa l  i s t o decid e 
whethe r  o r  no t  som e o f  th e thing s the y sa y ar e possible , 
give n tha t  on e i s righ t  an d anothe r  i s wrong . 

The participant s the n carrie d ou t  a  simpl e war m u p 
problem : 

Coach Bull :  Sar a wasn' t  o n th e tea m 
Coach Wildcat :  Mega n was n ' t  o n th e tea m 
I s i t  possibl e tha t  Sar a an d Mega n wer e o n th e team ? 

Why? 
I f  a  participan t  gav e a n incorrec t  answe r  (i.e. ,  i f  the y 

asserte d tha t  i t  wa s possibl e fo r  Sar a an d Mega n t o b e o n th e 
team) ,  th e experimente r  provide d a n explanatio n an d 
offere d anothe r  warm-u p problem .  Th e experimente r  als o 
too k specia l  car e t o explai n t o th e participant s tha t  th e 
coache s wer e alway s arguin g abou t  th e sam e team .  Onc e th e 
participant s ha d understoo d th e instruction ,  the y proceede d 
t o th e experimen t  proper ,  whic h laste d fo r  approximatel y 
hal f  a n hour .  Th e problem s wer e i n booklets ,  an d th e 
participant s wer e tol d t o respon d "yes "  o r  "no "  t o eac h 
question . 

Results 

Tabl e 2  present s th e result s o f  th e experimen t  fo r  th e tw o 
group s o f  participants .  Th e tabl e show s tha t  bot h group s o f 
participant s tende d t o succum b t o th e illusion s (onl y 3 1 % 
correc t  Yes/N o inference s an d 5 0 % correc t  NoAfe s 
inferences) ,  bu t  performe d bette r  o n th e contro l  problem s 
(79 % correc t  Yes/Ye s inference s an d 6 6 % correc t  No/N o 
inferences) .  Acros s groups ,  participant s performe d 
significantl y bette r  o n contro l  problem s tha n o n illusor y 
problem s (Wilcoxo n z  =  3.59 ,  ;7<.0001) . 

I n th e Table ,  th e percentage s fo r  th e grou p o f  th e 
selectiv e universit y student s ar e o n th e lef t  o f  eac h cell ,  an d 
thos e fo r  th e non-selectiv e student s ar e i n parenthese s o n th e 
righ t  o f  eac h cell .  Al l  eigh t  percentage s depar t  significantl y 
fro m chanc e ( p rangin g fro m <  .000 1 t o <  .05) . 
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Tabl e 2 :  Th e percentage s o f  correc t  response s t o th e fou r 
sort s o f  problem s fo r  th e tw o group s o f  participants . 

Illusor y inference s 

1.  Yes/N o 3 3 (27 ) 

3.  No/Ye s 6 7 (35 ) 

Contro l  inference s 

2.  YesA^e s 8 6 (73 ) 

4.  No/N o 7 0 (65 ) 

Not e tha t  student s i n th e non-selectiv e universit y wer e mor e 
likel y t o succum b t o illusions ,  an d thei r  result s conforme d 
bette r  t o th e menta l  mode l  theory' s prediction s tha n di d 
result s o f  student s i n th e selectiv e university .  Bot h group s 
responde d "  yes "  t o th e Yes/N o illusion s significantl y mor e 
ofte n tha n a  chanc e rat e (al l  p s <  .0 5 o r  better) ,  bu t  onl y th e 
publi c universit y student s succumbe d t o th e "NoA'es " 
illusion s significantl y mor e ofte n tha n a  chanc e rat e ( p < 
.05) .  Bot h group s performe d bette r  tha n chanc e o n th e 
contro l  problem s (p s range d fro m <  .000 1 t o <  .05) ,  an d 
ther e wer e n o difference s o n thes e problem s betwee n th e 
selectiv e universit y th e non-selectiv e universit y students .  A t 
th e sam e time ,  th e tw o group s differe d o n Yes/N o (Mann -
Wh imey U = \ 9 0 ,  p< .  05 )  an d No/Ye s (N o (Mann-Whitne y 
U = 255 ,  p< .  03 )  illusor y problems .  Finally ,  a s predicte d th e 
yes/n o illusor y problem s wer e harde r  tha n th e no/ye s 
illusions ,  Wilcoxo n z  =  2.1 ,  p  <  .05 ,  wherea s th e yes/ye s 
control s wer e somewha t  easie r  tha n th e no/n o controls , 
Wilcoxo n 2  =1.8,/ ? =  07 . 

Discussion 

A surprisin g consequenc e o f  th e menta l  mode l  theor y o f 
reasonin g i s it s predictio n o f  illusor y inferences ,  tha t  is , 
inference s tha t  lea d t o systemati c bu t  fallaciou s conclusions . 
The result s o f  th e experimen t  corroborate d thi s predictio n o f 
th e theory .  Fo r  example ,  give n a  proble m o f  th e for m 
below ,  mos t  o f  ou r  participant s wrongl y conclude d tha t  th e 
answer  wa s "yes" . 
Assimiin g tha t  onl y on e o f  th e abov e statement s i s true : 

I f  A  the n B . 
If-. B the n A . 
I s A  &  B  possible ? 
I s ther e an y plausibl e altemativ e explanatio n o f  ou r 

result s apar t  from  th e failur e t o represen t  wha t  i s false ? On e 
altemativ e hypothesi s i s tha t  th e task ,  instructions ,  o r 
premise s o f  th e inference s ar e s o complex ,  ambiguous ,  o r 
pragmaticall y odd ,  tha t  the y confiise d th e experimenta l 
participants ,  thu s adversel y affectin g thei r  performance . 
However ,  thi s hypothesi s fail s  t o explai n th e systematicit y 
and predictabilit y  o f  errors ,  a s wel l  a s th e correc t 
performanc e o f  th e contro l  problems .  Anothe r  altemativ e 
hypothesi s i s tha t  th e participant s faile d t o notic e tha t  on e 
premis e i s tru e an d th e othe r  premis e i s false .  Again ,  thi s 
ide a i s mos t  likel y implausibl e give n th e framing  o f  th e 
problem s a s disagreement s betwee n tw o coaches ,  an d th e 
participants '  practic e wit h suc h a  problem . 

A mor e plausibl e altemativ e hypothesi s i s tha t  tha t 
conditional s hav e a n interpretatio n distinc t  fro m th e on e tha t 
we hav e proposed .  Ther e ar e variou s version s o f  thi s 
hypothesis ,  e.g. ,  conditional s ar e interprete d a s havin g a 
"defective "  trut h tabl e (e.g .  Waso n &  Johnson-Laird , 
1972) ,  o r  a s havin g som e other ,  a s ye t  unknown . 

sophisticate d meaning .  Th e hypothesi s o f  a  "defective "  trut h 
tabl e treat s conditional s a s havin g n o trut h valu e wheneve r 
thei r  antecedent s ar e false .  Th e idea ,  however ,  run s int o 
insuperabl e difficultie s wit h biconditionals ,  suc h as. -
/ /  an d onl y if ,  Da n wa s i n th e game ,  the n Georg e wa s i n th e 
game. 

People judge that this assertion is true when both Dan and 
Georg e wer e i n th e gam e o r  no t  i n th e game ;  bu t  whe n on e 
was i n th e gam e an d th e othe r  wa s not ,  the y judg e i t  t o b e 
false .  Hence ,  th e biconditiona l  ha s a  complet e tmt h table . 
Yet ,  i t  ca n b e paraphrase d b y th e followin g conjunctio n o f 
tw o conditionals : 
I f  Da n wa s i n th e gam e the n Georg e wa s i n th e game ,  an d i f 
Georg e wa s i n th e gam e the n Da n wa s i n th e game . 

Consider the case where neither Dan nor George was in the 
game.  Neithe r  o f  th e tw o conditional s ha s a  tmt h value ,  ye t 
tiie  biconditiona l  i s  tme .  H o w ca n th e conjunctio n o f  tw o 
assertion s lackin g a  trut h valu e yiel d a n assertio n tha t  i s 
true ? Th e answe r  is :  i t  cannot . 

As fo r  a n unknow n sophisticate d meaning ,  ou r  analysi s 
offer s a  parsimoniou s explanation s tha t  rest s onl y o n tw o 
simpl e an d testabl e assumptions ,  suc h a s (1 )  th e menta l 
model  representatio n o f  th e conditiona l  an d (2 )  th e principl e 
of  truth .  Recal l  tha t  th e fu-s t  state s tha t  peopl e constm e onl y 
tw o model s t o represen t  th e conditional ,  suc h a s I f  A  the n B : 

A B 

and the second states that people represent only true 
possibilities . 

Rober t  Mackiewic z an d Walte r  Schaeken  (persona l 
communication )  hav e draw n ou r  attentio n t o a n interestin g 
possibility .  Perhaps ,  i f  reasoner s thin k abou t  on e 
propositio n i n a  disjunctio n the n the y forge t  abou t  th e other . 
However ,  i f  reasoner s merel y forgo t  on e o f  th e clauses ,  the n 
the y shoul d b e liabl e t o forge t  A  o r  t o forge t  B  i n dealin g 
wit h a  conjunctio n o f  A  an d B  (c f  Johnson-Lair d &  Savary , 
1996) .  However ,  neithe r  adult s no r  childre n usuall y forge t 
th e constituent s o f  conjunction s whe n the y reaso n 
(Sloutsky ,  Rader ,  &  Morris ,  1998 ;  Morri s &  Sloutsky , 
1999) .  O n th e othe r  hand ,  fo r  exclusiv e disjunctions ,  suc h a s 
th e on e i n ou r  experiment ,  i t  seem s tha t  peopl e thin k abou t 
th e trut h o f  on e propositio n whil e forgettin g abou t  th e 
falsit y o f  th e othe r  proposition .  Suc h dissociatio n betwee n 
not  forgettin g proposition s i n conjunction s an d forgettin g 
the m i n exclusiv e disjunctions ,  i f  demonstrate d empirically , 
woul d strongl y suppor t  th e principl e o f  truth . 

Unlik e thes e riva l  hypotheses ,  th e menta l  mode l  theor y o f 
reasonin g predict s tha t  an y manipulatio n tha t  emphasize s 
falsit y shoul d reduc e th e illusions .  Recen t  studie s hav e 
corroborate d thi s prediction .  Fo r  example ,  th e rabric,  "  Onl y 
one o f  th e followin g tw o premise s i s false. "  reliabl y 
reduce d th e illusion s (Tabossi ,  Bell ,  &  Johnson-Laird , 
1998) .  The y wer e reduce d whe n th e participant s ha d t o 
generat e fals e instance s o f  th e premise s befor e the y carrie d 
out  th e inferentia l  tas k (Newsom e &  Johnson-Laird ,  1996) . 
Likewise ,  the y wer e reduce d whe n th e participant s ha d t o 
chec k whethe r  th e conclusion s wer e consisten t  wit h th e 
relation s betwee n th e premise s (Goldvar g &  Johnson-Laird , 
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1999 ;  Yan g &  Johnson-Laird ,  1998a ;  1998b) .  A  final 
advantag e o f  th e mode l  theor y i s tha t  i t  base s it s prediction s 
on a  singl e principl e - -  reasoner s tak e int o accoun t  truth ,  no t 
falsity . 

Ther e is ,  however ,  anothe r  potentia l  sourc e o f  difficulty . 
Reasoner s canno t  cop e ver y wel l  wit h inference s tha t  cal l 
fo r  multipl e model s o f  th e premises .  Indeed ,  the y ofte n 
appea r  t o construc t  onl y a  singl e model .  Baue r  &  Johnson -
Lair d (1993 )  reporte d tha t  th e mos t  fi-equent  erro r  i n a  stud y 
of  disjunctiv e inference s wa s tha t  th e participant s 
constructe d onl y on e mode l  o f  th e premises .  Likewise , 
childre n ofte n appea r  t o construc t  onl y a  singl e model . 
Hence,  a  mor e radica l  sourc e o f  erro r  tha n th e principl e o f 
tmt h i s tha t  reasoner s ma y sometime s construc t  a 
"minimalist "  representatio n o f  jus t  a  singl e possibilit y  -
jus t  a  singl e menta l  mode l  o f  th e premise s (Sloutsky ,  Rader , 
& Morris ,  1998 ;  Sloutsk y &  Goldvarg ,  1999) . 

The illusion s ar e a n importan t  shortcomin g i n huma n 
reasoning ,  an d the y ar e wort h investigatin g furthe r  fo r  thei r 
own intrinsi c interest .  Th e neglec t  o f  falsity ,  however , 
appear s t o underli e a  numbe r  o f  othe r  well-establishe d 
inferentia l  phenomena ,  suc h a s Wason' s selectio n tas k an d 
th e difficult y o f  modu s tollen s inference s (fo r  a  review ,  se e 
Evans ,  Newstead ,  &  Byrne ,  1993) .  Th e illusion s contraven e 
al l  curren t  forma l  rul e theorie s (e.g .  Brain e &  O'Brien , 
1998 ;  Rips ,  1994) .  Thes e theorie s rel y solel y o n vali d rule s 
of  inference ,  an d s o th e onl y systemati c conclusion s tha t 
the y ca n accoun t  fo r  ar e vali d ones .  Thes e theorie s therefor e 
need t o b e amende d ~  eithe r  i n thei r  implementatio n o r  i n a 
more radica l  wa y i n orde r  t o accoun t  fo r  th e illusions .  Ou r 
stud y show s tha t  naiv e reasonin g depend s cruciall y o n ho w 
individual s represen t  th e premises . 
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