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W h en 'Or '  M e a n s 'And' :  A  Stud y i n Menta l  model s 

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 l 0 c l a r i t y . p r i n c e t o n . e d u 

Abstract 
We describ e a n algorith m tha t  construct s menta l  model s o f 
assertion s containin g sententia l  connectives ,  suc h a s and . 
if ,  an d or .  I t  perform s a t  thre e level s o f  expertis e 
dependin g o n th e completenes s o f  th e model s i t  constructs . 
At  a  rudimentar y leve l  o f  performance ,  i t  construct s model s 
tha t  mak e explici t  a s littl e a s possible .  On e unexpecte d 
consequenc e i s tha t  i t  produce s th e sam e explici t  model s fo r 
assertion s o f  th e form : 

i f  p  the n q ,  an d i f  r  the n s 
i f  p  the n q ,  2 1 i f  r  the n s 
p an d q ,  0 1 r  an d s . 

We initiall y  suspecte d tha t  ther e wa s a  bu g i n th e algorith m 
(o r  theory) ,  bu t  ther e wa s not .  W e therefor e carrie d ou t  tw o 
experiment s wit h logically-untraine d subjects .  Thei r 
result s confirme d th e phenomena :  fo r  man y individuals ,  a 
conjunctio n o f  conditional s i s  equivalen t  t o thei r 
disjunction ,  whic h i n tur n i s equivalen t  t o a  disjunctio n o f 
conjunctions . 

Introduction 

The theor y o f  menta l  model s postulate s tha t  reasonin g - -
deductiv e o r  inductiv e -  i s a  proces s i n whic h individual s 
use thei r  perceptua l  abilit y an d thei r  knowledg e t o construc t 
menta l  model s o f  th e relevan t  situation s (se e Johnson-Laird , 
1983 ;  Johnson-Lair d an d Byrne ,  1991 ;  Legrenzi ,  Girotto , 
and Johnson-Laird ,  1993 ;  Newell ,  1990) .  I n reasonin g fro m 
verba l  premises ,  individual s firs t  construc t  a  menta l 
representatio n o f  th e trut h condition s o f  assertions ,  an d the n 
use thi s representatio n togethe r  wit h genera l  knowledg e an d 
a knowledg e o f  contex t  t o construc t  models ,  whic h hav e a 
structur e correspondin g t o situations .  Thus ,  a  conjunctio n 
of  th e form : 

aand b 
call s fo r  a  singl e mode l  representin g bot h a  an d b : 

a b 
An exclusiv e disjunction : 

a o r  els e b 
call s fo r  tw o model s (on e fo r  eac h possibility) : 

a 
b 

An inclusiv e disjunctio n call s fo r  thre e model s (on e fo r  a , 

one fo r  b ,  an d on e fo r  bot h a  an d b) .  I n general ,  i f  a 
conclusio n hold s i n al l  th e model s o f  th e premises ,  reasoner s 

judg e i t  t o b e necessary ;  i f  i t  hold s i n mos t  o f  th e models , 
the y judg e i t  t o b e probable ;  i f  i t  hold s i n a t  leas t  on e 

model ,  the y judg e i t  t o b e possible ;  an d i f  i t  hold s i n non e 
of  th e models ,  the y judg e i t  t o b e impossible . 

I n contras t  t o th e mode l  theory ,  mos t  cognitiv e 

scientist s w h o hav e studie d reasonin g postulat e tha t  th e 
min d ha s a  se t  o f  forma l  rule s o f  inferenc e aki n t o thos e o f  a 

logica l  calculus ,  whic h ar e use d t o reaso n i n a  proces s aki n 

t o th e derivatio n o f  a  proo f  (se e e.g .  Osherson ,  1974-6 ; 
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Macnamara ,  1986 ;  Brain e an d O'Brien ,  1991 ;  Rips ,  1994) . 
I n thi s case ,  th e menta l  representatio n o f  a n inclusiv e 
disjunctio n depend s o n a n expressio n i n a  menta l  languag e 
tha t  ha s th e followin g form : 

a v b 
wher e 'v '  denote s inclusiv e disjunction .  Thi s representatio n 
can the n b e use d t o reaso n b y matchin g i t  t o a  premis e i n a 
forma l  rul e o f  inferenc e (suc h a s P  v  Q ,  no t  P ,  therefore , 

Q) . 
Our  ai m i n th e presen t  pape r  is ,  no t  t o addres s th e 

difference s betwee n th e tw o sort s o f  theor y hea d on ,  bu t 
rathe r  t o describ e th e lates t  compute r  implementatio n o f  th e 
model  theor y (i n Sectio n 1) .  Thi s implementatio n le d u s t o 
an unexpecte d consequence :  th e theor y predict s tha t  certai n 
differen t  compoun d assertion s wil l  b e interprete d i n th e sam e 
way b y logically-untraine d individual s (Sectio n 2) .  W e 
repor t  tw o experiment s tha t  corroborat e thes e prediction s 
(Sectio n 3) . 

An algorithm for mental models 

Th e mode l  theor y postulate s severa l  level s o f  expertis e i n 
sententia l  reasoning .  I n wha t  follows ,  w e describ e thre e 
suc h level s implemente d i n a  compute r  algorithm , 
concentratin g o n it s interpretatio n o f  compoun d premises . 

At  a  rudimentar y leve l  (comparabl e t o a  logically -
untutore d individual' s  performance) ,  th e algorith m interpret s 
an inclusiv e disjunction ,  suc h as : 

Ther e i s a  ' F o n th e boar d o r  ther e i s a  'Q '  o n th e board ,  o r 
both . 

by constructin g th e followin g thre e model s (show n o n 
separat e lines) : 

P 
q 

P q 
The first  mode l  i s a  partia l  mode l  becaus e i t  doe s no t  mak e 
explici t  tha t  q  doe s no t  occur ,  an d th e secon d mode l  i s  als o a 
partia l  mode l  becaus e i t  doe s no t  m a k e explici t  tha t  p  doe s 
not  occur .  Performanc e a t  thi s rudimentar y leve l  likewis e 
represent s a  conditional ,  suc h as : 

I f  ther e i s a  P '  o n th e boar d the n ther e i s a  'Q '  o n th e 
boar d 

by th e followin g tw o models : 

P q 

Individuals grasp that both letters may be on the board, but 
defe r  a  detaile d representatio n o f  th e cas e wher e ther e i s no t  a 
P'  o n th e board .  Th e ellipsi s accordingl y signifie s a n 
implici t  model ,  i.e .  on e tha t  ha s n o explici t  content .  I t  her e 
represent s a n alternativ e possibilit y t o th e first  model . 
Reasoner s nee d t o not e tha t  thi s implici t  mode l  represent s 
case s wher e th e anteceden t  doe s no t  hold .  The y ca n d o s o 
by notin g tha t  th e anteceden t  i s  exhaustivel y represente d i n 
th e explici t  model ,  i.e .  i t  canno t  occu r  i n th e implici t  mode l 
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[p i  q 

This notation is equivalent to storing a mental 'footnote' on 
th e implici t  mode l  t o indicat e tha t  th e anteceden t  doe s no t 
hol d i n it : 

P q 
.  .  .  {-P i 

wher e '-. '  signifie s negation .  Th e explici t  mode l 
capture s wha t  happen s whe n th e anteceden t  occurs ,  an d th e 
footnot e (i n parentheses )  represent s tha t  th e antecedent ,  p , 
does no t  occu r  i n th e implici t  mode l  Th e advantag e o f  suc h 
footnote s i s tha t  the y ar e eas y t o mode l  computationally , 
and s o w e hav e adopte d the m i n ou r  algorithm . 

The computation s require d t o interpre t  compoun d premise s 
ar e simple .  Thus ,  give n th e conjunction : 

i f  p  the n q .  an d p 
th e algorith m use s a  procedur e fo r  'and '  t o combin e eac h o f 
th e model s fo r  th e conditional ,  i f  p  the n q ,  wit h th e mode l 
fo r  p .  Accordin g t o thi s procedure ,  tw o explici t  model s 
combin e t o yiel d a n explici t  mode l  tha t  avoid s unnecessar y 
duplications : 

p q  an d P  yiel d p  q 
I f  on e explici t  mode l  i s inconsisten t  wit h another ,  o r  wit h 
th e conten t  o f  a  footnot e o n a n implici t  model ,  the n n o ne w 
model  i s forme d fro m them ,  i.e .  th e outpu t  i s th e nul l 
model : 

•  •  •  {-̂p l  a M P  yiel d ni l 
wher e 'nil '  represent s th e nul l  model ,  whic h i s aki n t o th e 
empt y set .  Th e procedur e fo r  conjoinin g tw o set s o f 
model s thu s form s thei r  Cartesia n product ,  i.e .  i t  multiplie s 
each mode l  i n on e se t  b y eac h mode l  i n th e othe r  se t 
accordin g t o th e principle s summarize d i n Tabl e 1 . 

As a n illustration ,  conside r  th e conjunctio n o f  tw o 
conditionals :  i f  a  the n 2  an d i f  b  the n 3 .  Th e tw o 
conditional s hav e th e followin g models : 

a 2 
. . .  {-a } 

and: 
b 3 
.  .  .  {̂ b j 

The conjunctio n o f  th e tw o set s o f  model s yields : 
a 2  (b y rul e 2 ) 

b 3  (b y rul e 2 ) 
a 2  b  3  (b y rul e 1 ) 

.  .  .  { ^  -lb )  (b y rul e 3 ) 
Althoug h th e combinatio n o f  model s i s guide d b y th e 
footnotes ,  thei r  conten t  doe s no t  surfac e i n explici t  model s 
at  thi s rudimentar y leve l  o f  performance . 

I n contrast ,  a t  th e nex t  leve l  u p i n th e algorithm' s 
performance ,  whic h correspond s t o th e abilit y  o f  highl y 
competen t  individuals ,  th e conten t  o f  footnote s is .  mad e 
explici t  i n an y model s resultin g fro m th e conjunctio n o f 
implici t  an d explici t  models .  On e consequenc e i s tha t  a t 
thi s leve l  th e algorith m i s abl e t o mak e a  modu s toUen s 
deduction .  Tha t  is ,  give n th e premises : 

i f  p  the n q 
not q 

The conjunctio n o f  th e tw o set s o f  model s proceed s a s 
follows : 

P q  ao d -- q yield s ni l 

.  .  .  {-ip )  an d -i q yield s -i p 
Tabl e I :  Th e principle s fo r  combinin g model s 

l.If the two models arc explicit, then they are joined 
togethe r  eliminatin g an y redundancies ,  unles s on e mode l 
contradict s th e other ,  i.e .  on e represent s a  propositio n an d 
th e othe r  represent s it s negation ,  i n whic h cas e th e outpu t  i s 
th e nul l  model .  (Whe n peopl e combin e tw o separat e 
premises ,  the y ten d t o dro p proposition s tha t  the y kno w 
categorically ,  e.g .  i f  the y kno w tha t  p  i s th e case ,  the n th e 
model ,  p  q ,  combine s wit h p  t o yiel d q  alone. ) 
2.  I f  on e mode l  i s  explici t  an d th e othe r  mode l  i s  implicit , 
the n th e resul t  i s  th e explici t  mode l  unles s it s conten t 
contradict s th e mode l  i n th e footnote ,  i n whic h cas e th e 
outpu t  i s  th e nul l  model . 
3.I f  bot h model s ar e implicit ,  the n th e resul t  i s  a n implici t 
model ,  whic h conjoin s th e footnote s o n th e tw o implici t 
model s unles s th e tw o footnote s contradic t  on e another ,  i n 
whic h cas e th e outpu t  i s  th e nul l  model . 

wher e ther e i s n o nee d t o buil d i n th e conten t  o f  th e 
categorica l  premise ,  becaus e i t  ca n b e take n fo r  granted .  Th e 
resultin g mode l  yield s th e conclusion : 

not  p 
Performanc e a t  thi s leve l  als o make s explici t  th e negate d 
element s i n disjunctiv e models ,  an d indee d i t  i s  probabl y a s 
accurat e a s possibl e give n th e us e o f  implici t  models . 

Finally ,  a t  it s  mos t  powerfu l  leve l  o f  performance ,  whic h 
exceed s th e abilit y  o f  untraine d individuals ,  th e algorith m 
fleshe s ou t  th e content s o f  implici t  model s wholl y 
explicitly .  Fo r  example ,  fleshin g ou t  th e implici t  mode l  o f 
th e conditiona l  above : 

P q 
.  .  .  H P I 

call s fo r  -. p t o occu r  i n ever y ne w model ,  wherea s separat e 
model s nee d t o b e mad e fo r  q  an d -. q becaus e th e footnot e 
does no t  constrai n them .  Th e resul t  i s  accordingly : 

P q 
- P q 
- p - q 

When th e model s o f  a  se t  o f  premise s ar e wholl y explicit , 
the y correspon d t o th e row s tha t  ar e UHS.  i n a  trut h tabl e o f 
al l  th e premises .  Implici t  model s fo r  conditional s an d partia l 
model s fo r  disjunction s ar c therefor e device s tha t  allo w th e 
inferentia l  syste m t o represen t  explicitl y  a s littl e a s 
possible ,  i.e .  jus t  tha t  informatio n whic h i s o f  th e firs t 
priority .  Model s ca n b e mad e explici t  bu t  a t  th e cos t  o f 
fleshin g the m ou t  Th e notatio n ca n b e use d recursivel y -  a s 
i t  i s  i n th e compute r  progra m implementin g th e algorith m - -
t o accommodat e proposition s o f  an y degre e o f  complexity . 

When 'or' means 'and' 

I n testin g th e performanc e o f  th e compute r  progra m 
describe d i n th e previou s section ,  w e examine d it s 
interpretatio n o f  th e inclusiv e disjunctio n o f  tw o 
conditionals : 

i f  a  the n 2  q t  i f  b  the n 3 . 
At  th e rudimentar y leve l  o f  performance ,  i t  produce d th e 
followin g explici t  models : 
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a 2 
b 3 

a 2  b  3 

They are identical lo the models of a conjunction of the two 
conditional s (illustrate d above) .  Ou r  firs t  though t  wa s tha t 
th e progra m containe d a  bug ,  bu t  w e ha d instea d stumble d 
upo n a n unforesee n consequenc e o f  th e theory .  Th e 
inclusiv e disjunctio n i s o f  th e form ,  X  o r  Y ,  whic h call s fo r 
th e followin g models : 

X 
Y 

X Y 
wher e X  model s th e conditional :  i f  a  the n 2 ,  an d Y  model s 
th e conditional :  i f  b  the n 3 .  Th e model s fo r  X  are : 

a 2 
and a n implici t  model .  Th e model s fo r  Y  are : 

b 3 
and a n implici t  model .  Th e model s fo r  X  sM .  Y ,  a s w e sa w 
i n th e previou s section ,  are : 

a 2 
b 3 

a 2  b  3 

But, the first two of these models and the implicit model 
hav e alread y bee n constructe d t o represen t  X  an d Y 
respectively ,  an d s o i t  i s  necessar y t o ad d onl y th e model : 

a 2  b  3 
The interpretatio n o f  a  disjunctio n o f  conditionals : 

a an d 2  ̂  b  an d 3 
als o call s fo r  th e sam e explici t  models ,  bu t  n o implici t 
model . 

I n short ,  a t  it s  rudimentar y level ,  th e progra m construct s 
th e sam e explici t  model s fo r  a  disjunctio n o f  conditionals ,  a 
conjunctio n o f  conditionals ,  an d a  disjunctio n o f 
conjunctions .  Thes e interpretation s aris e fro m th e 
interaction s betwee n tw o component s o f  th e theory :  th e 
use o f  implici t  model s i n th e representatio n o f  conditionals , 
and th e us e o f  partia l  model s i n th e representatio n o f 
disjunctions .  Whic h assertion s ar e erroneousl y interprete d 
accordin g t o thes e predictions ? Th e answe r  i s show n b y 
th e ful l  set s o f  explici t  model s fo r  th e thre e sort s o f 
assertion ,  whic h ar e show n i n Tabl e 2  (a s constructe d b y th e 
progra m a t  it s  highes t  leve l  o f  performance) .  Th e disjunctio n 
of  th e conditional s i s  tru e i n man y mor e case s tha n it s 
explici t  model s (show n i n bol d prin t  i n Tabl e 2) ,  th e 
conjunctio n o f  th e conditional s i s tru e i n som e mor e case s 
tha n it s explici t  models ,  bu t  th e disjunctio n o f  conjunction s 
i s accuratel y represente d b y it s explici t  models ,  thoug h the y 

do no t  enumerat e th e differen t  way s i n whic h eac h 
conjunctio n ca n b e false . 

Empirical tests of the predictions 

We hav e carrie d ou t  tw o test s o f  th e mode l  theory' s 

prediction s abou t  th e interpretatio n o f  compoun d assertions . 

The first  stud y wa s carrie d ou t  a s a  clas s exercis e i n a n 
undergraduat e cours e i n whic h eac h studen t  wa s a n 
experimente r  an d teste d a  separat e logically-untraine d 

individual .  (Non e o f  th e actin g experimenter s kne w th e 

prediction s o f  th e mode l  theory. )  Th e material s wer e th e 

Tabl e 2 :  Th e complet e se t  o f  model s fo r  thre e assertions . 
The item s i n bol d ar e thos e tha t  th e theor y predict s wil l  b e 

generate d a s tru e instance s b y logically-untraine d individuals . 

I f  a  the n 2  o r 
if c then 3 

a 2  c  -. 3 
a 2-, c 3 
a 2- .C- ,  3 
a 2  c  3 
a ^ 2 c  3 

^ a 2  c  3 
^ a ^ 2 c  3 
-, a 2  c  -. 3 
-> a 2  -. c  3 
-, a 2  -, c -. 3 
-. a -. 2 c  -. 3 
^ a ̂ 2 -. c  3 
-. a -. 2 -. c -, 3 

a-> 2  -, c 3 
a -. 2 -, c -. 3 

I f 
i f 

a 
a 
a 

-1 a 
-1 a 

-1 a 
-1 a 

-1 a 
-1 a 

a the n 2  an d 
c the n 3 

2-. C 3 
2-i C -. 3 
2 c  3 

2 c  3 
-. 2 c  3 

2 ̂ c 3 
2 -, c -. 3 

-. 2 -, c 3 
-. 2 -, c -. 3 

a an d 2  o r 
cand 3 

a 2  c 
a 2  -. c 
a 2  -. c 
a 2  c 
a -. 2 C 

-. a 2  C 
-1 a  -. 2 C 

^ 3 
3 

-n 3 
3 
3 
3 
3 

followin g fou r  assertions : 
1.  I f  ther e i s a  'A '  o n th e boar d the n ther e i s a  '2' ,  an d i f 

ther e i s a  ' C o n th e boar d the n ther e i s a  '3' . 
2.  I f  ther e i s a  'D '  o n th e boar d the n ther e i s a  '5' ,  o r  i f 

ther e i s a  "E *  the n ther e i s a  '6' ,  an d bot h conditional s m a y b e 
true . 

3.  Ther e i s a  'J '  o n th e boar d an d ther e i s a  '9' ,  o r  ther e i s a 
"L *  o n th e boar d an d ther e i s a  7' ,  an d bot h conjunction s 
may b e true . 

4.  Ther e i s a  'G '  o n th e boar d an d ther e i s a  '8' ,  an d ther e i s 
an 'H '  o n th e boar d an d ther e i s a  '4' . 
For  eac h assertion ,  th e subject s wrot e dow n a  lis t  o f  th e 
possibl e circumstance s i n whic h th e assertio n woul d b e true , 
i.e .  pairing s o f  letter s an d numbers ,  suc h a s ' A 2" .  W h e n 
the y ha d complete d thi s task ,  the y wen t  throug h eac h 
assertio n again ,  an d wrot e d o w n a  lis t  o f  th e possibl e 
circumstance s i n whic h th e assertio n woul d b e false .  Th e 
model  theor y predict s tha t  th e first  thre e assertion s wil l  elici t 
th e sam e lis t  o f  tru e circumstance s (correspondin g t o th e 
explici t  model s presente d i n th e previou s section) .  Th e 
fourt h assertio n i s a  contro l  tha t  shoul d b e treate d a s tru e 
onl y i n on e case ,  namely ,  whe n al l  fou r  item s co-occur . 

Th e result s corroborate d th e predictions .  Tabl e 3 
summarize s th e mos t  frequen t  selection s fo r  th e fou r 
assertions .  Th e number s o f  subject s w h o liste d th e 
response s i n th e orde r  predicte d b y th e algorith m wer e a s 
follows :  9  fo r  th e firs t  assertion ,  1 7 fo r  th e secon d 
assertion ,  an d 1 6 fo r  th e thir d assertion .  O n th e assumptio n 
tha t  ther e ar e 1 6 possibl e selections ,  th e likelihoo d o f 
makin g b y chanc e thes e thre e selection s i n thei r  give n orde r 
i s a t  th e micro-probabilit y  level ,  i.e .  th e chanc e probabilit y 
fo r  th e selectio n i s 1/1 6 x  1/1 5 x  1/1 4 <  0.0003 ,  an d s o th e 
binomia l  probabilit y  for ,  say ,  9  ou t  o f  2 5 subject s makin g 
thi s selectio n i s miniscule . 

Our  secon d experimen t  wa s carrie d ou t  i n a  conventiona l 
way b y a  singl e experimenter .  Th e material s agai n 
compare d a  conjunctio n o f  conditional s wit h a  disjunctio n 
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Tabl e 3 :  Th e mos t  frequen t  response s i n Experiment s 1 
and 2 :  th e numbe r  o f  subject s w h o liste d th e circumstance s 
shown a s case s i n whic h th e assertion s woul d b e true .  W e 

hav e stale d th e assertion s a s thoug h the y ha d th e sam e 
lexica l  materials . 

Experimen t  1  ( n =  25 ) 

A2 
B3 

A 2 B3 

I f  A  the n 2 
anl 
i f  B  the n 3 

21 
20 
20 

I f  A  the n 2 
or 
i f  B  the n 3 

23 
24 
24 

A an d 2 
or 
Ban d 3 

23 
22 
19 

A an d 2 
and 
Band 3 

0 
0 

24 

Experimen t  2  ( n =21 ) 

A2 
B3 

A 2 B3 

A B 
A 3 

2 B 
2 3 

A 
2 

B 
3 

I f  A  the n 2 
and 
i f  B  the n 3 

13 
11 
16 

I f  A  the n 2 
or 
i f  B  the n 3 

19 
20 
11 

A o r  2 
sni 
Bor 3 

18 
17 
17 
18 

A o r  2 
M 
Bor 3 

16 
16 
16 
16 

of  conditioncds ,  bu t  use d a  conjunctio n o f  disjunction s an d a 
disjunctio n o f  disjunction s a s contro l  assertions .  Th e tas k 
was th e sam e a s befor e excep t  tha t  w e surreptitiousl y time d 
th e interva l  fro m th e presentatio n o f  a n assertio n unti l  th e 
subject s bega n t o lis t  th e circumstances .  Ther e wer e tw o 
trial s i n eac h conditio n (wit h a  differen t  lexica l  content) . 
Tabl e 3  als o present s th e dat a fro m thi s experiment .  I n 
bot h experiments ,  th e contro l  sentence s wer e accuratel y 
interpreted ,  an d th e tas k o f  generatin g fals e instance s wa s 
much harde r  -  i t  too k subject s abou t  2  second s longe r  t o 
make thei r  initia l  responses ,  an d the y varie d considerabl y i n 
thei r  responses .  F e w subject s accounte d fo r  al l  1 6 
contingencie s i n thei r  combine d list s o f  tru e an d fals e 
instances . 

Conclusions 

The mode l  theor y assume s tha t  th e bottle-nec k i n inferentia l 

processin g i s th e capacit y o f  workin g memor y (Simon , 

1982) .  Reasoner s accordingl y tr y t o wor k wit h a s fe w 

explici t  model s a s possible :  the y d o no t  represen t  th e 

negativ e case s i n thei r  model s o f  a n inclusiv e disjunctio n o f 

th e form ,  p  o r  q ,  an d the y d o no t  represen t  explici t  model s o f 

th e cas e wher e th e anteceden t  o f  a  conditional ,  suc h a s i f  p 
the n q ,  i s  false .  Thes e tw o assumption s hav e a n unexpecte d 
consequence ,  whic h w e discovere d fro m th e implementatio n 
of  th e algorithm :  assertion s tha t  see m superficiall y  ver y 
differen t  ar e likel y t o b e interprete d i n simila r  ways .  Ou r 
result s corroborate d thi s prediction :  a  conjunctio n o f 
conditional s i s take n t o b e tru e i n th e sam e circumstance s a s 
thei r  disjunction ,  whic h i s  take n t o b e tru e i n th e sam e 
circumstance s a s a  disjunctio n o f  conjunctions .  Thes e 
result s bea r  ou t  th e heuristi c valu e o f  compute r 
implementation s o f  theories ,  an d sugges t  tha t  th e theor y o f 
menta l  model s give s a  goo d accoun t  o f  th e interpretatio n o f 
sententia l  connectives .  Alternativ e theorie s o f  reasoning , 
includin g thos e base d o n forma l  rule s o f  inference ,  eithe r  6 o 
not  dea l  wit h th e meanin g o f  connective s o r  els e trea t  thei r 
meaning s a s equivalen t  t o th e rule s o f  inferenc e tha t  gover n 
them .  Becaus e th e rule s fo r  disjunctio n diffe r  fro m thos e 
fo r  conjunction ,  whic h i n tur n diffe r  fro m thos e fo r 
conditionals ,  suc h theorie s d o no t  explai n th e case s i n whic h 
'or '  mean s 'and' ,  an d 'i f  mean s 'and' . 

Acknowledgements 

Thi s researc h wa s supporte d i n par t  b y th e Jame s S . 
McDonnel l  Foundation .  W e than k th e student s i n Co g 
2(X) ,  1993-4 ,  fo r  carryin g ou t  Experimen t  1 . 

References 

Braine ,  M.D.S. ,  &  O'Brien ,  D.P .  (1991) .  A  theor y o f  If : 
A lexica l  entry ,  reasonin g program ,  an d pragmati c 
principles .  Psychologica l  Review ,  98 ,  182-203 . 

Johnson-Laird ,  P.N .  (1983) .  Menta l  Models .  Cambridge : 
Cambridg e Universit y Press . 

Johnson-Laird ,  P .  N. ,  &  Byrne .  R .  M .  J .  (1991) . 
Deduction .  Hillsdale ,  NJ :  Lawrenc e Erlbau m Associates . 

Legrenzi ,  P. .  Girotto ,  V. .  &  Johnson-Laird ,  P.N .  (1993) . 
Focussin g i n reasonin g an d decisio n making . 
Cognition ,  49 ,  37-66 . 

Macnamara ,  J .  (1986) .  A  Borde r  Dispute :  Th e Plac e o f 
Logi c i n Psychology .  Cambridge ,  M A :  M I T Press . 

Newell ,  A .  (1990) .  Unifie d Theorie s o f  Cognition . 
Cambridge ,  M A :  Harvar d Universit y Press . 

Osherson ,  D.N .  (1974-6) .  Logica l  Abilitie s i n Children . 
Vols .  1-4 .  Hillsdale ,  NJ :  Lawrenc e Erlbau m 
Associates . 

Rips ,  LJ .  (1994) .  Th e Psycholog y o f  Proo f  Cambridge , 
M A:  M I T Press . 

Simon ,  H.A .  (1982) .  Model s o f  Bounde d Rationality . 
Vols .  1  and2 .  Cambridge ,  M A :  M I T Press . 

478 


	cogsci_1994_475-478



