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Abstrac t 

The paper describes a theory of temporal reasoning and its 
implementatio n i n a  compute r  program .  Th e theor y postulate s 
tha t  individual s construc t  menta l  models ,  an d i t  predict s tha t 
inference s tha t  cal l  fo r  onl y on e mode l  t o b e constructed , 
suc h as : 
a happen s befor e b . 
b happen s befor e c . 
d happen s whil e b . 
e happen s whil e c . 
What  i s th e tempora l  relatio n betwee n d  an d e ? 
wil l  b e easie r  tha n thos e tha t  cal l  fo r  multipl e models ,  suc h 
as a  proble m identica l  t o th e previou s on e excep t  fo r  it s  firs t 
premise :  a  happen s befor e c .  Experimen t  1  showe d tha t 
subject s wer e faste r  an d mor e accurat e wit h one-mode l 
problem s tha n wit h multiple-mode l  problems .  The y loo k 
more tim e t o rea d a  premis e leadin g t o multipl e model s tha n 
th e correspondin g premis e i n a  one-mode l  problem . 
Experimen t  2  showe d tha t  i f  th e questio n cam e first  an d wa s 
presente d wit h al l  th e premises ,  the n subject s ca n ignor e a n 
irrelevan t  premise .  A s predicted ,  th e differenc e betwee n 
one-mode l  an d multiple-mode l  problem s wit h vali d 
conclusion s the n disappeared .  Experimen t  3  showe d tha t  th e 
siz e o f  a  model ,  i.e. ,  th e numbe r  o f  event s i n it ,  an d th e 
distanc e apar t  o f  th e critica l  events ,  als o affecte d 
performance . 

Introduction 

Cognitive scientists have studied many aspects of time, but 

the y hav e no t  hithert o investigate d reasonin g abou t 

tempora l  relations .  Her e i s a n example : 

Afte r  th e plan e fle w throug h th e storm ,  th e pilo t  radioe d 

th e tower . 

The damag e occurre d whil e th e plan e flew  throug h th e 

storm . 

What  i s th e tempora l  relatio n betwee n th e damag e an d 

th e pilo t  radioin g th e tower ? 

The answer ,  o f  course ,  i s tha t  th e damag e occurre d befor e 

th e pilo t  radioe d th e tower ,  an d thi s answe r  i s valid ,  i.e. ,  i t 

must  b e tru e give n tha t  th e premise s ar e true . 

Tempora l  inference s ar e ubiquitou s an d ofte n important ,  bu t 

h o w peopl e m a k e the m i s presentl y unknown .  O u r  ai m i n 

thi s pape r  i s t o offe r  a  solutio n t o thi s problem .  W e first 

outlin e h o w th e theor y o f  menta l  model s account s fo r 

tempora l  reasoning ,  nex t  w e describ e it s implementatio n i n 

a compute r  program ,  an d finally  w e repor t  th e result s o f 

thre e experiment s tha t  corroborat e th e theory . 

Mental Models and Temporal Reasoning: 

A Theor y an d a n Algorith m 

The theory of mental models postulates that reasoning --

deductiv e or  inductiv e ~  i s a  proces s i n whic h reasoner s first 

represen t  th e meanin g o f  premises ,  an d the n us e thi s 

representatio n togethe r  wit h thei r  knowledg e t o construc t 

menta l  model s o f  th e relevan t  situation s (se e e.g. , 

Johnson-Lair d &  Byrne ,  1991) .  I f  a  conclusio n i s tru e i n al l 

th e model s o f  th e premises ,  the n i t  i s  necessar y (valid) ;  i f  i t 

i s  tru e i n mos t  o f  th e model s o f  th e premises ,  the n i t  i s 

probable ;  i f  i t  i s  tru e i n a t  leas t  som e mode l  o f  th e premises , 

the n i t  i s  possible ;  an d i f  i t  i s  tru e i n onl y a  fe w model s o f 
th e premises ,  the n i t  i s  improbable . 

Accordin g t o th e mode l  theory ,  th e assertion : 

Afte r  th e plan e fle w throug h th e storm ,  th e pilo t  radioe d 
th e tower . 

call s fo r  a  mode l  tha t  w e represen t  i n th e followin g diagram : 

s r 

i n whic h th e tim e axi s run s from  lef t  t o right ,  's '  denote s a 

model  o f  th e plan e flyin g throug h th e storm ,  an d 'r '  denote s 

a mode l  o f  th e pilo t  radioin g th e tower .  Event s ca n b e 

conceive d (an d described )  a s momentar y or  a s havin g 

durations ,  definit e or  indefinite .  Hence ,  s  i s assume d t o las t 

fo r  a  certai n duratio n tha t  end s a t  som e poin t  prio r  t o r .  Th e 

assertion : 

Th e damag e occurre d whil e th e plan e flew  throug h th e 
storm . 

call s fo r  th e followin g additio n t o th e model : 

s r 

d 
wher e 'd '  denote s a  mode l  o f  th e damag e happening ,  an d th e 
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vertica l  dimensio n i n th e diagra m i s use d t o represen t 

contemporaneity .  Thi s mode l  correspond s t o infinitel y 

many differen t  situation s tha t  hav e i n c o m m o n onl y th e 

trut h o f  th e tw o premises ,  e.g. ,  th e mode l  contain s n o 

representatio n o f  th e precis e tim e a t  whic h th e damag e 

occurred .  Yet ,  th e conclusion : 

The damag e occurre d befor e th e pilo t  radioe d th e towe r 

i s tru e i n thi s model ,  an d i t  i s  no t  falsifie d b y an y mode l 

of  th e premises . 

We hav e implemente d a  compute r  progra m (i n C o m m on 

Lisp )  tha t  carrie s ou t  tempora l  inference s usin g models . 

The progra m ha s a  context-fre e gramma r  fo r  a  fragment  o f 

Englis h tha t  contain s assertion s o f  th e form ,  ' a happen s 

befor e b' ,  ' b happen s whil e c' ,  an d s o on .  I t  construct s a 

semanti c representatio n o f  an y sentenc e i n th e fragment , 

usin g th e meaning s o f  word s an d semanti c rule s associate d 

wit h eac h rul e i n th e grammar .  Thi s semanti c 

representatio n i s the n use d t o updat e th e se t  o f  models . 

Give n th e semanti c representatio n o f  th e assertion :  a 

hî jpen s befor e b ,  th e progra m check s whethe r  a  o r  b  i s 

alread y represente d i n an y mode l  o f  th e discourse .  I t  the n 

choose s th e appropriat e procedure : 

1.  I f  neithe r  referen t  occur s i n a  model ,  th e progra m start s 

a ne w model . 

2.  I f  on e referen t  bu t  no t  th e othe r  occur s i n a  model ,  th e 

model  i s update d t o includ e th e ne w referent . 

3.  I f  th e tw o referent s occu r  i n differen t  models ,  thes e 

model s ar e combine d appropriately . 

4.  I f  bot h referent s occu r  i n th e sam e model(s) ,  the n th e 

premis e i s verifie d i n th e model(s) .  Becaus e th e progra m 

construct s al l  possibl e model s o f  co-referentia l  premises , 

verifyin g a n assertio n yield s on e o f  th e followin g thre e 

responses :  th e assertio n i s a  vali d deductio n (i t  i s  tru e i n 

al l  th e models) ;  i t  wa s previousl y possibl y fals e (i t  i s  fals e 

i n som e o f  th e models ,  whic h ar e dul y eliminated) ;  o r  i t  i s 

inconsisten t  wit h th e previou s premise s (i.e. ,  i t  i s  fals e i n 

al l  th e models) .  Give n a  questio n abou t  th e relatio n 

betwee n tw o events ,  th e progra m formulate s a  conclusio n 

i f  a  c o m m o n relatio n hold s betwee n the m ove r  al l  th e 

model s o f  th e premises ;  otherwise ,  i t  respond s tha t  ther e i s 

no definit e relatio n betwee n th e tw o events ,  eithe r  becaus e 

differen t  relation s occu r  i n differen t  model s o r  becaus e th e 

event s d o no t  occu r  i n an y on e model .  Fo r  example ,  give n 

th e followin g problem : 

a happen s befor e b . 

b happen s befor e c . 

d happen s whil e a . 

e happen s whil e c . 

What  i s th e relatio n betwee n d  an d e ? 

th e progra m construct s th e followin g model : 

a b  c 

d e 

fro m whic h i t  formulate s th e answe r  tha t  d  happen s befor e 

e.  Wher e th e premise s ar e rjo t  co-referential ,  a s in : 

a happen s whil e b 

c happen s whil e d 

What  i s th e relatio n betwee n a  an d d ? 

eac h premis e ha s a  separat e model ,  an d th e model s canno t 

be integrate d int o a  singl e mode l  becaus e the y ar e no t 

co-referential .  Hence ,  ther e i s n o definit e relatio n betwee n a 

and d . 

Some tempora l  description s ar e indeterminate ,  e.g., : 

a happen s befor e c 

b happen s befor e c 

do no t  fix  th e tempora l  orde r  o f  a  an d b .  I n suc h cases ,  th e 

progra m construct s model s correspondin g t o th e thre e 

possibilities :  a  happen s befor e b ,  b  happen s befor e a ,  a  an d 

b happe n contemporaneously .  Thi s procedur e is ,  i n principle , 

an intractabl e one :  i t  yield s an  exponentia l  growt h i n th e 

number  o f  model s a s th e indeterminacie s moun t  up .  Yet ,  th e 

procedur e i s feasibl e a s lon g a s ther e i s onl y a  smal l  numbe r 

of  indeterminacies .  H u m a n performanc e degrade s wit h a n 

increasin g numbe r  o f  model s -  a  predictabl e phenomeno n i f 

th e huma n inferentia l  syste m use s an  intractabl e algorith m 

and a  workin g memor y o f  limite d capacity . 

The progra m i s restricte d i n th e numbe r  o f  model s tha t  i t 

ca n construc t  i n tryin g t o solv e a  proble m (b y analog y wit h 

a limite d capacit y workin g memory) .  W h e n th e model s i t  ha s 

constructe d excee d thi s number ,  i t  the n searche s fo r  a  chai n 

of  premise s interrelatin g th e tw o event s i n th e question ,  an d 

construct s model s onl y fro m them .  (I f  ther e i s n o question , 

the n th e progra m canno t  us e thi s strategy. )  Likewise ,  whe n 

human reasoner s hav e immediat e acces s t o th e questio n an d 

th e premises ,  the y shoul d construc t  model s fo r  jus t  thos e 

premise s tha t  ar e relevan t  t o th e answe r  t o th e question .  Th e 

advantage s o f  thi s strateg y ar e twofold .  First ,  i t  ignore s al l 

irrelevan t  premise s tha t  ar e no t  par t  o f  th e chai n connectin g 

one even t  i n th e questio n t o th e other .  Second ,  i t  deal s wit h 

th e premise s i n a  co-referentia l  orde r  i n whic h eac h premis e 

afte r  th e firs t  refer s t o a n even t  alread y represente d i n th e se t 

of  models . 

Three Experiments on Temporal Reasoning 

The model theory predicts that an inference that depends on 

one mode l  shoul d yiel d fewe r  error s an d tak e les s tim e tha n 

one tha t  depend s o n multipl e models .  W e hav e carrie d ou t 

severa l  studie s t o investigat e thi s prediction ,  an d Experimen t 

1 i s suc h a  stud y i n whic h w e als o examine d anothe r 

predictio n o f  th e mode l  theory :  Th e tim e take n t o rea d a 

premis e tha t  call s fo r  th e constructio n o f  multipl e model s 

shoul d b e longe r  tha n th e tim e take n t o rea d th e 

correspondin g premis e i n a  one-mode l  problem .  Thi s 

predictio n canno t  b e mad e b y a  theor y base d o n forma l  rule s 

of  inferenc e -  i f  on e wer e t o b e formulate d fo r  tempora l 

reasonin g -  becaus e model s woul d pla y n o par t  i n suc h a 

theor y (c f  Brain e &  O'Brien ,  1991 ;  Rips ,  1994) . 

We examine d fou r  sort s o f  deductions : 

1.  One-mode l  problem s wit h onl y relevan t  premises : 

a happen s befor e b . 
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b happen s befor e c . 

d happen s whil e a . 

e happen s whil e c . 

What  i s th e relatio n betwee n d  an d e ? 

Thi s proble m ha s th e followin g model : 

a b  c 

d e 

I f  subject s wer e t o us e forma l  rule s o f  inference ,  the y 

woul d hav e t o exploi t  th e transitivit y o f  "before '  t o establis h 

tha t  a  happen s befor e c . 

2.  One-mode l  problem s wit h a n irrelevan t  first  premis e 

(thoug h thi s fac t  i s  no t  obviou s t o reasoners) : 

a happen s befor e b . 

b happen s befor e c . 

d happen s whil e b . 

e happen s whil e c . 

What  i s th e relatio n betwee n d  an d e ? 

Thi s proble m ha s th e followin g model : 

a b  c 

d e 

I f  subject s wer e t o us e forma l  rule s o f  inference ,  thi s 

proble m shoul d b e easie r  tha n th e previou s one ,  becaus e 

ther e i s n o nee d t o exploi t  transitivity ,  thoug h the y migh t 

be misle d b y th e irrelevan t  first  premise . 

3.  Multiple-mode l  problem s wit h a  vali d answe r  (bu t  a n 

irrelevan t  first  premise) : 

a happen s befor e c . 

b happen s befor e c . 

d happen s whil e b . 

e happen s whil e c . 

What  i s th e relatio n betwee n d  an d e ? 

Thi s proble m ha s a t  leas t  th e followin g tw o models : 

a b  c 

d e 

and 
b a  c 

d e 

whic h suppor t  th e answe r  d  happen s befor e e .  I f  subject s 

wer e t o us e forma l  rules ,  thi s pwoble m shoul d b e n o harde r 

tha n th e previou s on e becaus e the y hav e identica l  forma l 

derivations .  Th e secon d premis e i n problem s o f  thi s sor t 

call s fo r  th e constructio n o f  tw o alternativ e models , 

becaus e o f  th e indeterminac y betwee n a  an d b .  Hence , 
accordin g t o th e mode l  theory ,  i t  shoul d tak e longe r  t o rea d 

(an d t o interpret )  thi s premis e tha n th e secon d premis e o f 

th e one-mode l  problems . 
4.  Multiple-mode l  problem s wit h n o vali d answer : 

a happen s befor e c 

b happen s befor e c . 

d happen s whil e b . 

e happen s whil e a . 

What  i s th e relatio n betwee n d  an d e ? 

Thi s proble m ha s th e followin g alternativ e models : 

a b  c 

e d 

and 

b a  c 

d e 
whic h d o no t  suppor t  a  vali d answe r  t o th e question . 

Reasoner s mus t  conside r  bot h o f  thes e model s i n orde r  t o 

realiz e tha t  ther e i s n o vali d answer .  I n contrast ,  reasoner s 

w ho overloo k on e o f  th e model s o f  a  multiple-mode l 

proble m wit h a  vali d conclusio n m a y nevertheles s dra w th e 

correc t  conclusion ,  whic h b y definitio n hold s fo r  an y mode l 

of  th e premises . 

24 student s a t  th e Universit y o f  Leuve n wit h n o trainin g 

i n logi c acte d a s thei r  o w n control s an d carrie d ou t  eigh t 

version s o f  eac h o f  th e fou r  sort s o f  problems ,  an d th e orde r 

of  presentatio n wa s randomize d fo r  eac h subject .  Th e 

material s concerne d dail y activitie s b y tw o persons ,  th e mai n 

claus e wa s prio r  t o th e subordinat e claus e i n eac h premise , 

and th e eigh t  differen t  version s o f  eac h sor t  o f  proble m wer e 

constructe d i n orde r  t o counterbalanc e th e tempora l 

connectives .  Th e premise s wer e presente d on e afte r  anothe r 

unde r  th e subjects '  control ,  s o tha t  premis e 1  dis^peare d 

when premis e 2  appeared ,  an d s o on .  Th e experimen t  wa s 

carrie d ou t  b y compute r  i n orde r  t o recor d th e readin g tim e 

fo r  eac h premis e an d th e tim e t o respon d t o th e final 

question . 

The subject s wer e correc t  fo r  9 3 % o f  th e one-mode l 

problem s wit h onl y relevan t  premises ,  8 9 % o f  th e one-mode l 

problem s wit h a n irrelevan t  premise ,  8 1 % o f  th e 

multiple-mode l  problem s wit h vali d answers ,  an d 4 4 % o f  th e 

multiple-mode l  problem s wit h n o vali d answers .  Ther e wa s 

no rehabl e differenc e i n accurac y o f  solution s betwee n th e 

tw o sort s o f  one-mode l  proble m (Wilcoxon' s T  =  5 0 ,  n  = 

11 ,  U.S.) .  However ,  ther e wa s th e followin g reliabl e tren d i n 

correc t  answers :  one-mode l  problem s wer e easie r  tha n 

multiple-mode l  problem s wit h vali d answers ,  whic h wer e 

easie r  tha n multiple-mode l  problem s wit h n o vali d answer s 
(b y subjects .  Page' s L  =  315 ,  n  =  24 ,  e  <  .(X)01 ;  an d b y 

materials .  Page' s L  =  lll, n =  8 ,  e < .001) .  I n addition ,  th e 

one-mode l  problem s wer e answere d correctl y mor e ofte n 

tha n multiple-mode l  problem s wit h vali d answer s 

(Wilcoxon' s T  =  167 ,  n  =  2 0 ,  e  <  02) .  Th e patter n o f 
correc t  answer s accordingl y corroborate s th e mode l  theor y 

and i s likel y t o ru n counte r  t o an y theor y base d o n forma l 

rule s o f  inference . 

Th e mea n latencie s t o respon d t o th e question s fo r  th e fou r 
sort s o f  problem s wer e a s follows : 

I M problem s wit h a n irrelevan t  premise :  5. 8 se c 

Transitiv e I M problems :  7. 0 se c 
M M problem s wit h vali d answers :  8. 7 se c 

M M problem s wit h n o vali d answers :  10. 7 se c 

Th e respons e time s t o th e questio n wer e faste r  fo r  on e mode l 

problem s tha n fo r  multiple-mode l  problem s (F i  2 3 =  7.03 ,  g 

< .02) .  Likewise ,  th e readin g time s o f  th e secon d premis e 

wer e reliabl y faste r  fo r  one-mode l  problem s tha n fo r 

multiple-mode l  problem s (F j  2 3 =  6.3 ,  2  <  .02) .  Thi s 

differenc e corroborate s th e crucia l  prediction ,  becaus e th e 
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secon d premis e call s fo r  th e constructio n o f  alternativ e 

model s i n th e multiple-mode l  case ,  bu t  no t  i n th e 

one-mode l  case . 

Multiple-mode l  problem s wit h a  vali d conclusio n contai n 

an irrelevan t  premise .  It s presenc e i s no t  th e caus e o f  thei r 

difficulty ,  becaus e one-mode l  problem s wit h irrelevan t 

premise s ar e easie r  tha n th e multiple-mode l  problems .  A s 

our  progra m shows ,  i f  th e premise s ar e interprete d unde r 

th e guidanc e o f  th e event s referre d t o i n th e question ,  the n 

irrelevan t  premise s wil l  b e ignore d an d th e multiple-mode l 

problem s wit h vali d conclusion s thereb y becom e 

one-mode l  problems .  I n Experimen t  2 ,  w e presente d al l  th e 

premise s togethe r  eithe r  followe d b y th e questio n o r  els e 

precede d b y th e question .  W e teste d 3 2 student s a t  Leuve n 

w ho acte d a s thei r  o w n control s i n a  counterbalance d 

blocke d design .  W h e n th e questio n wa s last ,  th e differenc e 

i n difficult y betwee n th e one-mode l  problem s ( 9 4 % 

correct )  an d th e multiple-mode l  problem s wit h vali d 

conclusion s ( 8 6 % correct )  wa s reliabl e (Wilcoxon' s T  =  90 , 

n =  14 ,  E  <  .001) .  But ,  a s w e predicted ,  whe n th e questio n 

was first ,  th e differenc e i n difficult y betwee n th e 

one-mode l  problem s ( 9 8 % correct )  an d th e multiple-mode l 

problem s wit h vali d conclusion s ( 9 8 % correct )  disappeared . 

Multiple-mode l  problem s wit h n o vali d answe r  hav e n o 

irrelevan t  premise s an d s o shoul d b e unaffecte d b y th e 

positio n o f  th e question ,  an d indee d the y remaine d difficul t 

bot h whe n th e questio n wa s firs t  ( 5 6 % correct )  an d whe n 

i t  wa s las t  ( 5 7 % correct) . 

Multipl e model s ar e difficul t  becaus e the y increas e th e 

loa d o n th e processin g capacit y o f  workin g memory .  Th e 

siz e o f  a  mode l  i s likel y t o hav e a  simila r  effect ,  an d w e 

hav e als o carrie d ou t  severa l  experiment s i n orde r  t o 

investigat e i t  I n Experimen t  3 ,  eac h sor t  o f  proble m 

concerne d eithe r  si x event s o r  eigh t  events ,  an d th e 

tempora l  betwee n th e tw o event s i n th e questio n wa s eithe r 

smal l  o r  large .  A n exampl e o f  a  'small-interval '  proble m 

fo r  on e mode l  wit h si x event s is : 

a b e d 

X y 

and a n exampl e fo r  on e mode l  wit h eigh t  event s is : 

a b  c  d  e  f 

X y 

wher e x  an d y  ar e th e tw o event s i n th e question .  A 

previou s experimen t  ha d show n tha t  small-interva l 

problem s increas e i n difficult y a s th e numbe r  o f  event s i n 

a proble m increases .  I n th e 'large-interval '  problems ,  th e 

event s i n th e questio n wer e alway s maximall y apart ,  i.e. , 

ther e wer e n o irrelevan t  premises .  A n exampl e o f  a 

large-interva l  proble m fo r  on e mode l  wit h si x event s is : 

a b e d 

X y 

and a n exampl e fo r  on e mode l  wit h eigh t  event s is : 

a b  c  d  e  f 

X y 

A previou s experimen t  ha d faile d t o detec t  an y effec t  o n 

accurac y o f  th e siz e o f  th e mode l  wit h large-interva l 

problem s -  a  surprisin g resul t  i f  on e believe s i n forma l 

derivation s sinc e eac h extr a even t  caU s fo r  a n extr a ste p i n 

th e derivation . 

We teste d 2 4 students ,  w h o acte d a s thei r  o w n control s 

and carrie d ou t  fou r  version s o f  eac h o f  th e differen t  sort s o f 

problem s an d 1 6 multiple-mode l  problem s wit h n o vali d 

answers .  Th e problem s wer e i n a  differen t  orde r  fo r  eac h 

subject .  Th e premise s wer e presente d on e a t  a  tim e o n th e 

compute r  scree n unde r  th e subjects '  control . 

Tabl e 1  present s th e percentage s o f  correc t  response s fo r 

eac h o f  th e eigh t  sort s o f  problem s wit h vali d conclusions . 

Overall ,  th e one-mode l  problem s (86 % correct )  wer e easie r 

tha n multiple-mode l  problem s ( 8 0 % correct :  Wilcoxon' s T  = 

136.5 ,  n  =  18 ,  B  <  .05) .  Th e large-interva l  problem s wer e 

reliabl y easie r 

Table 1: The percentages of correct responses for each 

of  eigh t  differen t  sort s o f  problem s i n Experimen t  3 . 

6 event s 

8 event s 

6 event s 

8 event s 

Small-interva l  problem s 

I M problem s M M problem s 

9 4 8 3 

7 2 7 2 

I  ̂ rge-interva l  problem s 

I M problem s M M problem s 

95 9 2 

83 7 3 

tha n th e small-interva l  problem s (86 % versu s 

Wilcoxon' s T  =  96 ,  n  =  15 ,  £  <  .05) .  Th e problem s base d o n 

6 event s wer e significand y easie r  tha n th e problem s base d o n 

8 event s (77.4 % versu s 64.2% ;  Wilcoxon' s T  =  282.5 ,  n  = 

24 ,  E  <  .0001) .  Th e differenc e betwee n th e small-interva l 

one-mode l  problem s base d o n si x event s an d eigh t  event s 

was significan t  (Wilcoxon' s T  =  78 ,  n  =  12 ,  e  <  .005) .  Thi s 

differenc e wa s als o significan t  fo r  th e large-interva l 

one-mode l  problem s (Wilcoxon' s T  =  91 ,  n  =  14 ,  2  <  .05) . 

However ,  ther e wa s a  significan t  interaction :  Th e differenc e 

betwee n th e tw o sort s o f  small-interva l  problem s wa s greate r 

tha n th e differenc e betwee n th e tw o sort s o f  large-interva l 

problem s (Wilcoxon' s I  =  92 ,  n  =  15 ,  p  <  -05) .  Hence , 

althoug h large-interva l  problem s ma y increas e i n difficult y 

as th e numbe r  o f  event s increases ,  the y d o no t  d o s o a s 

rapidl y a s small-interva l  problems .  Thi s facto r  ma y underii e 

th e three-wa y interactio n (Wilcoxon' s T  =  31.5 ,  n  =  13 ,  e  < 

.05) :  Wit h 6  events ,  th e differenc e i n difficult y betwee n on e 

model  an d multipl e model s i s eviden t  i n small-interva l 

problem s bu t  no t  i n large-interva l  problem s (whic h ma y b e 

showin g a  'ceiling '  effect) ;  wherea s wit h 8  events ,  th e 

differenc e i n difficult y betwee n on e mode l  an d multipl e 

model s i s eviden t  i n large-interva l  problem s bu t  no t  i n 

small-interva l  problem s (whic h m a y b e showin g a  'floor ' 
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effect) . 

G e n e r a l  D iscuss io n 

The experimenta l  results  sugges t  tha t  reasonin g abou t 

tempora l  relation s depend s o n menta l  model s rathe r  tha n 

forma l  rule s o f  inference .  I n general ,  th e subject s i n 

Experimen t  1  rea d th e fou r  premise s progressivel y faster , 

but  contrar y t o thi s tren d the y too k reliabl y longe r  t o rea d 

a premis e tha t  le d t o multipl e model s tha n t o rea d a 

correspondin g premis e i n a  one-mode l  problem .  Likewise , 

a descriptio n consisten t  wit h jus t  on e mode l  yielde d a n 

easie r  inferenc e tha n a  descriptio n consisten t  wit h mor e 

tha n on e model ,  an d th e differenc e hel d whethe r  o r  no t 

ther e wa s a n irrelevan t  premis e (an d regardless  o f  th e 

lengt h o f  a  forma l  derivatio n o f  th e conclusion) . 

Vandierendonc k an d D e Voogh t  (1994 )  hav e independentl y 

obtaine d simila r  results .  W e hav e als o corroborate d the m 

i n a  stud y o f  tempora l  relation s establishe d b y tens e an d 

aspect ,  e.g., : 

Joh n ha s cleane d th e house . 
He i s takin g a  shower . 

He i s goin g t o rea d th e paper . 

Mar y alway s doe s th e dishe s whe n Joh n clean s th e 

house . 

She alway s drink s he r  coffe e whe n h e read s th e paper . 

What  i s th e tempora l  relatio n betwee n Mar y doin g th e 

dishe s an d drinkin g he r  coffee ? 

Multipl e model s o f  tempora l  relation s aris e becaus e o f  a n 

indeterminacy ,  whic h i n tur n depend s o n a n irrelevan t 

premis e fo r  problem s wit h vali d answers .  W h e n reasoner s 

can us e th e questio n t o guid e thei r  processin g o f  th e 

premises ,  the y ca n ignor e th e irrelevan t  premis e an d i n thi s 

way conver t  th e proble m int o a  one-mode l  one .  Experimen t 

2 confirme d tha t  subject s d o indee d us e thi s strategy , 
becaus e th e differenc e i n difficult y betwee n th e tw o sort s 

of  problem s disappear s i n thi s case . 

The firs t  tw o experiment s wer e base d o n th e assumptio n 

tha t  model s o f  five  event s wer e smal l  enoug h t o b e 

accommodate d withi n workin g memory .  A s Experimen t  3 

showed ,  th e siz e o f  a  mode l  doe s affec t  performance ,  an d 
so to o doe s th e interva l  ~  th e numbe r  o f  intervenin g event s 

-  betwee n th e tw o event s i n th e question .  Perh^ s 

surprisingly ,  a  large r  interva l  yield s a  mor e accurat e 

performanc e tha n a  smal l  interval .  Th e caus e o f  thi s effec t 

i s  b y n o mean s certain .  O n e possibilit y  i s  tha t  ther e i s a n 

'end-anchor '  effect ,  an d anothe r  tha t  th e large r  interva l 

makes th e orde r  o f  event s mor e discriminabl e (se e Potts , 

1978) . 

An earlie r  stud y o f  spatia l  reasonin g showe d tha t 

one-mode l  problem s wer e easie r  tha n multiple-mode l 

problem s (Byrn e &  Johnson-Laird ,  1989) .  Rip s (1994 ,  p . 

415 )  ha s criticize d thi s experimen t  o n th e ground s tha t  th e 

instruction s biase d th e subject s "t o us e a n imagina l  strateg y 

tha t  favore d th e mental-mode l  prediction s (o r  place d a 

stron g tas k deman d o n the m t o respon d a s i f  the y wer e 

tryin g t o imag e th e array s  . . . ) " .  W e ar e sceptica l  abou t  thes e 

claims ,  bu t  i n an y cas e neithe r  th e instruction s no r  th e 
material s o f  th e presen t  experiment s len d themselve s t o a n 

imagina l  strategy ,  rea l  o r  simulated .  I n th e absenc e o f  a  rul e 

theor y fo r  tempora l  reasonin g -  an d Rip s doe s no t  advanc e 

one -  i t  i s  har d t o rebu t  suc h theories ,  bu t  w e not e tha t  ou r 

result s provid e a n interestin g challeng e t o rul e theories .  The y 

predict ,  fo r  example ,  tha t  one-mode l  problem s wit h a n 

irrelevan t  premis e hav e a  shorte r  derivatio n tha n one-mode l 

problem s wit h n o irrelevan t  premises ,  ye t  Experimen t  1 

faile d t o detec t  an y differenc e betwee n them .  I f  on e argues , 

as Rip s does ,  tha t  th e irrelevan t  premis e le d subject s astray , 

the n on e canno t  explai n w h y suc h problem s ar e easie r  tha n 

th e multiple-mode l  problem s wit h vali d answers .  The y to o 

hav e a n irrelevan t  premise ,  an d the y hav e a n identica l 

derivatio n t o th e one-mode l  problem s wit h irrelevan t 

premises .  Th e irrelevan t  premis e ca n pla y n o par t  i n a  forma l 

derivation ,  bu t  i t  doe s pla y a  par t  i n th e buildin g o f  models : 

I n th e forme r  case ,  th e resul t  i s on e model ;  i n th e latte r  case , 

th e resul t  i s  multipl e models . 
Finally ,  th e us e o f  menta l  model s i n tempora l  reasonin g 

has on e considerabl e theoretica l  advantag e ove r  othe r 

methods .  I t  yield s a  decisio n procedure .  A n inferenc e i s vali d 

i f  it s  conclusio n hold s i n al l  th e possibl e model s o f  th e 

premises ,  an d i t  i s invali d i f  i t  fail s  t o hol d i n a t  leas t  on e o f 

th e possibl e model s o f  th e problems .  Grante d tha t  problem s 

remai n withi n th e capacit y o f  workin g memory ,  the n i t  i s  a 

simpl e matte r  t o decid e whethe r  o r  no t  a n inferenc e i s valid : 

O ne examine s al l  th e model s o f  th e premises . 
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