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THE FORM AND FUNCTION OF MENTAL MODELS 

P.  N .  Johnson-Lair d 

Centre for Research on Perception and Cognition 
Laborator y o f  Experinenta l  Psycholog y 

Universit y o f  Susse x 
Brighto n BNl  9Q G Englan d 

You ar e los t  i n th e maz e a t  Hampto n Cour t  Palace . 
You com e t o a  turnin g an d fo r  a  moment  yo u ar e no t 
sur e whic h wa y t o go .  Yo u recogniz e tha t  yo u hav e 
been a t  thi s poin t  before ,  and ,  i n you r  imagination , 
you tur n right ,  procee d dow n a n alley ,  an d ar e the n 
confronte d b y a  dea d end .  An d s o thi s tim e around , 
you decid e t o tur n left .  What  yo u di d wa s t o 
reconstruc t  a  rout e throug h th e maz e o n th e basi s 
of  a  menta l  mode l  o f  it .  Yo u may hardl y hav e 
experience d an y imager y a t  all ;  o r  yo u may hav e ha d 
a successio n o f  vivi d image s lik e a  snippe t  fro m a n 
imaginar y movi e tha t  culminate s i n a  leaf y cul-de -
sac .  I n eithe r  case ,  ther e wa s nothin g verba l 
abou t  you r  reasoning :  yo u navigate d you r  wa y 
throug h you r  mode l  o f  th e maz e muc h a s a  ra t  i n a 
psychologica l  laborator y migh t  hav e don e (O'Keef e 
and Nadel ,  1978) .  Yet ,  ther e i s anothe r  metho d 
tha t  yo u coul d us e t o mak e you r  decision .  Yo u 
recal l  instea d tha t  th e wa y t o ge t  ou t  o f  th e maz e 
i s t o kee p turnin g lef t  a t  ever y availabl e 
opportunity ,  and ,  sinc e yo u ar e presente d wit h suc h 
an opportunity ,  yo u accordingl y decid e t o tur n left . 
Thi s metho d make s us e o f  a  menta l  representatio n 
of  verba l  propositions . 
The two alternatives illustrate the contrast 
betwee n exploitin g a  menta l  mode l  (perhap s wit h 
accompanyin g imagery )  an d makin g us e o f  a  proposi -
tiona l  representation .  My ai m i n thi s pape r  i s t o 
show tha t  th e contras t  i s  rea l  - -  tha t  ther e ar e 
bot h form s o f  menta l  representatio n - -  an d t o offe r 
an accoun t  o f  th e purpos e tha t  the y serve .  Indeed , 
i f  ther e ar e menta l  models ,  the n th e tw o mos t 
importan t  question s abou t  the m are :  wha t  for m d o 
the y take ? wha t  functio n d o the y serve ? I  wil l  tr y 
t o answe r  bot h questions . 

Direct empirical evidence for the contrast 
betwee n propositiona l  representation s an d menta l 
model s come s fro m a  serie s o f  experiment s tha t 
Kannan Man i  an d I  hav e carrie d ou t  (Man i  an d 
Johnson-Laird ,  i n press) .  I n th e mos t  recen t  o f 
our  studies ,  th e subject s hear d a  verba l  descriptio n 
of  a  spatia l  layout ,  suc h as : 

The spoon is to the left of the knife 
The plat e i s t o th e righ t  o f  th e knif e 
The for k i s i n fron t  o f  th e spoo n 
The cu p i s i n fron t  o f  th e knife . 

They were then shown a diagram, such as: 

spoon knife plate 

for k cup 

and the y ha d t o decid e whethe r  o r  no t  th e diagra m wa s 
consisten t  wit h th e description .  (I f  yo u thin k o f 
th e diagra m a s depictin g th e arrangemen t  o f  th e 
object s o n a  tabl e top ,  the n obviousl y i t  i s 

consisten t  wit h th e description. )  Hal f  th e descrip -
tion s tha t  th e subject s receive d wer e determinat e 
lik e th e exampl e above ,  an d th e othe r  hal f  wer e 
indeterminate .  Th e indeterminat e description s wer e 
constructe d merel y b y changin g th e las t  wor d i n th e 
secon d sentence : 

The spoon is to the left of the knife 
The plat e i s t o th e righ t  o f  th e spoo n 
The for k i s i n fron t  o f  th e spoo n 
The cu p i s i n fron t  o f  th e knife . 

This description is consistent with two radically 
differen t  diagrams : 

(1 ) 

spoon knife plate 

(2 ) 

spoon plate knife 

for k cup for k cup 

The material s wer e counterbalance d s o tha t  fo r  eac h 
se t  o f  fiv e objects ,  a  subjec t  receive d eithe r  th e 
determinat e o r  els e th e indeterminat e description . 
Afte r  th e subject s ha d judge d a  serie s o f  eigh t  des -
cription s an d diagrams ,  the y wer e give n a n unexpecte d 
tes t  o f  thei r  memor y fo r  th e descriptions .  On eac h 
trial ,  the y ha d t o ran k fou r  alternative s i n term s o f 
thei r  resemblanc e t o th e origina l  description :  th e 
origina l  description ,  a n inferrabl e description ,  an d 
tw o "foils '  wit h a  differen t  meaning .  Th e inferrabl e 
descriptio n fo r  th e exampl e abov e containe d th e 
sentence: 

The fork is to the left of the cup 

in place of the sentence interrelating the spoon and 
th e knife .  Th e descriptio n ca n therefor e b e inferre d 
fro m th e layou t  correspondin g t o th e origina l  descrip -
tio n i n th e cas e o f  bot h th e determinat e an d th e 
indeterminat e descriptions . 

The subjects remembered the layouts of the 
determinat e description s ver y muc h bette r  tha n thos e 
of  th e indeterminat e descriptions .  Th e percentage s 
of  trial s o n whic h the y ranke d th e origina l  an d th e 
inferrabl e description s prio r  t o th e foil s wa s 88 % 
fo r  th e determinat e descriptions ,  bu t  onl y 58 % fo r  th e 
indeterminat e descriptions .  Al l  twent y o f  th e 
subject s conforme d t o th e trend ,  an d ther e wa s n o 
effec t  o f  whethe r  o r  no t  a  diagra m ha d bee n consisten t 
wit h a  description .  However ,  th e percentage s o f 
trial s o n which  th e origina l  descriptio n wa s ranke d 
highe r  tha n th e inferrabl e descriptio n wa s 68 % fo r  th e 
determinat e descriptions ,  bu t  88 % fo r  th e indetermin -
at e descriptions .  Thi s differenc e wa s highl y 
reliable ,  too . 

Evidently, subjects tend to remember the layout 
of  determinat e description s bette r  tha n tha t  o f 
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indeterminat e descriptions ,  bu t  the y ten d t o remembe r 
verbati m detai l  o f  indeterminat e description s bette r 
tha n tha t  o f  determinat e descriptions .  Thi s 'cross -
over '  effec t  i s  impossibl e t o explai n withou t 
postulatin g a t  leas t  tw o sort s o f  menta l  representa -
tion .  A  plausibl e accoun t  o f  th e result s i s indee d 
tha t  subject s construc t  a  menta l  mode l  o f  th e 
determinat e description s bu t  abando n suc h a  represen -
tatio n i n favou r  o f  a  superficia l  propositiona l  on e 
as soo n a s the y encounte r  a n indeterminac y i n a 
description .  Menta l  model s ar e easie r  t o remembe r 
tha n propositiona l  representations ,  perhap s becaus e 
the y ar e mor e structure d an d elaborate d (cf .  Crai k 
and Tulving ,  1975 )  an d requir e a  greate r  amoun t  o f 
processin g t o construc t  (cf .  Johnson-Lair d an d 
Bethell-Fox ,  1978) .  But ,  model s encod e littl e o r 
nothin g o f  th e linguisti c for m o f  th e sentence s o n 
whic h the y ar e based ,  an d subject s accordingl y 
confus e inferrabl e description s wit h th e originals . 
Propositiona l  representations  ar e relativel y har d t o 
remember ,  bu t  the y d o encod e th e linguisti c for m o f 
sentences .  Hence ,  whe n the y ar e remembered ,  th e 
subject s ar e likel y t o mak e a  bette r  tha n chanc e 
recognitio n o f  verbati m content . 

It is natural to suppose that propositional 
representation s ar e produce d a s par t  o f  th e norma l 
proces s o f  comprehendin g discours e (cf .  Kintsch , 
1974 ;  Fodor ,  Fodor ,  an d Garrett ,  1975) ,  bu t  the y 
can als o serv e th e usefu l  purpos e o f  providin g a n 
economica l  representatio n o f  radicall y indeterminat e 
discourse .  Th e functio n o f  menta l  model s i s 
profoundl y semantic :  a  propositiona l  representatio n 
i s tru e o r  fals e wit h respec t  t o a  menta l  mode l  o f 
tF e worl? 7 TfvT s relatio n i s establishe d b y mappin g 
propositiona l  representations  ont o menta l  models ,  an d 
I  hav e argue d elsewher e fo r  a  procedura l  semantic s 
tha t  carrie s ou t  thi s tas k (see ,  e.g .  Johnson-Laird , 
1980 ,  fo r  a  descriptio n o f  a  progra m tha t  build s u p 
spatia l  array s fro m verba l  descriptions) .  Trut h o r 
falsit y wit h respec t  t o realit y ultimatel y depend s o n 
th e constructio n o f  menta l  model s o n th e basi s o f 
perceptua l  experience . 

There is one other crucial function served by 
menta l  models .  Th e fundamenta l  semanti c principl e 
of  trut h i s tha t  a n assertio n i s tru e provide d tha t 
ther e i s n o counterexampl e t o it .  Th e assertion , 
"Socrate s i s dead, "  ha s onl y on e possibl e counter -
example ,  namely ,  tha t  Socrate s i s no t  dead ;  th e 
assertion ,  "Al l  men ar e mortal, "  ha s a  larg e numbe r 
of  potentia l  counterexamples .  Likewise ,  give n th e 
trut h o f  a  se t  o f  premises ,  a  conclusio n i s 
necessaril y  tru e onl y i f  ther e i s n o counterexampl e 
t o it ,  tha t  is ,  n o wa y o f  interpretin g th e premise s 
tha t  render s th e conclusio n false .  I f  huma n being s 
hav e graspe d thi s principle ,  the n the y ca n reaso n 
validl y withou t  possessin g an y menta l  logic ,  rule s o f 
inference ,  o r  inferentia l  schemata .  I t  i s  a 
straightforwar d matte r  t o writ e compute r  program s tha t 
make inference s withou t  recours e t o rule s o f  inference : 
the y construc t  model s o f  th e premises ,  dra w a  putativ e 
conclusio n o n th e basi s o f  a  simpl e heuristic ,  an d 
the n searc h fo r  counterexample s t o th e conclusion . 
On th e previou s occasio n tha t  I  presente d thi s ide a 
(Johnson-Laird ,  1980) ,  i t  wa s viewe d a s o n a  pa r  wit h 
th e Pelagia n heres y i n som e quarters .  Ye t  cognitiv e 
scientist s shoul d b e prepare d t o accep t  tha t  th e 
doctrin e o f  menta l  logi c may b e jus t  a s mistake n a s 
th e ide a o f  origina l  sin .  Abandonin g th e doctrin e 
certainl y solve s th e otherwis e intractabl e myster y o f 
how childre n coul d acquir e logi c withou t  bein g abl e 
t o reaso n validly .  Th e thesi s tha t  logi c i s innat e 
i s th e onl y plausibl e solutio n bu t  i t  ha s n o mor e 
explanator y valu e o r  empirica l  conten t  tha n a n appea l 
t o divin e intervention .  I f  ther e i s n o menta l  logic . 

the n th e questio n o f  o f  it s  origin s doe s no t  eve n 
arise .  Th e theor y o f  menta l  model s als o reveal s 
th e majo r  caus e o f  inferentia l  error :  th e greate r 
th e numbe r  o f  menta l  model s tha t  hav e t o b e construct -
ed i n orde r  t o mak e a  vali d deduction ,  th e greate r 
loa d o n workin g memory ,  an d th e mor e likel y a n erro r 
i s t o b e made .  My colleague s an d I  hav e checke d thi s 
predictio n i n a  variet y o f  inferentia l  tasks .  Tabl e 
1 present s th e relevan t  dat a fro m fou r  o f  ou r  experi -
ment s i n whic h th e subject s ha d t o dra w thei r  ow n 
conclusion s fro m syllogisti c premises :  i t  give s th e 
percentage s o f  vali d conclusion s tha t  wer e draw n de -
pendin g o n th e numbe r  o f  menta l  model s tha t  ha d t o b e 

Tabl e 1 The percentage s o f  correc t  vali d 
conclusion s draw n fro m syllogisti c 
premise s i n fou r  experiments .  Th e 
percentage s ar e show n a s a  functio n 
of  th e numbe r  o f  menta l  model s tha t 
hav e t o b e constructe d i n orde r  t o 
dra w a  vali d conclusion . 

Experimen t  1 
Experimen t  2 
Experimen t  3 
Experimen t  4 

One mode l 
problem s 

92 
80 
62 
58 

Two mode l 
problem s 

46 
20 
20 

0 

Thre e mode l 
problem s 

28 
9 
3 
0 

constructed .  I n Experimen t  1 ,  2 0 student s a t  Teacher s 
College ,  Columbi a University ,  wer e aske d t o stat e wha t 
followe d fro m premise s i n eac h o f  th e 6 4 logicall y 
distinc t  varietie s (se e Johnson-Lair d an d Steedman , 
1978) .  Experimen t  2  wa s a  replicatio n wit h 2 0 
student s a t  Mila n University ,  an d Experimen t  3  wa s a 
furthe r  replicatio n i n whic h 2 0 Italia n subject s wer e 
give n jus t  1 0 second s i n whic h t o mak e eac h o f  thei r 
responses .  Thes e experiment s wer e carrie d ou t  i n 
collaboratio n wit h Brun o Sara .  Finally ,  i n Experimen t 
4,  whic h Debbi e Bul l  an d I  designed ,  1 9 childre n 
betwee n 1 1 an d 1 2 year s o f  ag e wer e aske d t o dra w 
conclusion s fro m 2 0 ou t  o f  th e 6 4 possibl e pair s o f 
syllogisti c premises .  Th e tren d i n eac h experimen t 
was remarkable :  no t  a  singl e subjec t  tha t  w e hav e 
teste d ha s eve r  faile d t o perfor m bes t  o n thos e 
syllogism s tha t  requir e onl y a  singl e mode l  t o b e con -
structed .  I t  i s  difficul t  t o resis t  th e conclusio n 
tha t  inferentia l  abilit y  i s  base d o n th e manipulatio n 
of  menta l  models . 

Let me finish with one final conjectural flourish. 
The psychologica l  cor e o f  understandin g an y phenomeno n 
consist s i n you r  havin g a  'workin g model '  o f  i t  i n 
you r  mind .  I f  yo u understan d inflation ,  a  mathemati -
cal  proof ,  th e wa y a  compute r  works,DN A o r  a  divorce , 
the n yo u hav e a  menta l  representatio n o f  i t  tha t  serve s 
as a  mode l  i n muc h th e sam e wa y as ,  say ,  a  cloc k 
function s a s a  mode l  o f  th e sola r  system .  Lik e a 
clock ,  a  menta l  mode l  nee d no t  b e wholl y accurat e t o b e 
useful ,  whic h i s jus t  a s wel l  because ,  o f  course ,  ther e 
ar e n o complet e model s o f  an y empirica l  phenomena . 
I f  a  televisio n se t  i s  mentall y represente d a s contain -
in g a  bea m o f  electron s tha t  ar e magneticall y deflecte d 
acros s th e screen ,  the n thi s componen t  o f  th e mode l 
serve s a n explanator y function .  I t  accounts ,  fo r 
example ,  fo r  th e distortio n o f  th e pictur e tha t  occur s 
when a  magne t  i s hel d nea r  t o th e screen .  Othe r  com -
ponent s o f  th e mode l  may serv e n o suc h function .  One 
migh t  imagine ,  say ,  eac h electro n a s deflecte d b y th e 
magneti c fiel d muc h a s a  ball-bearin g i s diverte d fro m 
it s cours e b y a  magnet ,  bu t  withou t  havin g an y 
representatio n o f  th e natur e o f  magnetism :  th e 
'picture '  i s  jus t  a  picture ,  whic h simulate s realit y 
rathe r  tha n model s it s underlyin g principles .  A t 
leas t  on e othe r  componen t  o f  ever y dynami c mode l  i s 
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neithe r  modelle d no r  simulated .  Thi s elemen t  i s 
time .  Tim e i s no t  represente d i n a  dynami c model , 
but  rathe r  th e mode l  unwind s i n rea l  tim e i n muc h 
th e sam e wa y a s d o th e event s tha t  ar e modelled , 
thoug h perhap s a t  a  differen t  rate .  I n model s tha t 
ar e no t  dynamic ,  o f  course ,  tim e ca n b e represente d 
by a  spatia l  axis .  What  on e shoul d expec t  i n 
examinin g th e growt h o f  expertis e i n a  particula r 
domai n i s th e gradua l  transitio n fro m mer e 
prepositiona l  principle s t o a  full y  articulate d 
menta l  model ,  an d th e gradua l  replacemen t  o f 
simulate d element s b y thei r  modelle d counterparts . 
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