
UC Merced
Proceedings of the Annual Meeting of the Cognitive Science 
Society

Title
Preferred Mental Models in Qualitative Spatial Reasoning: 
A Cognitive Assessment of Allen's Calculus

Permalink
https://escholarship.org/uc/item/91v2h1tg

Journal
Proceedings of the Annual Meeting of the Cognitive Science Society, 17(0)

Authors
Knauff, Markus
Rauh, Reinhold
Schlieder, Christoph

Publication Date
1995
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/91v2h1tg
https://escholarship.org
http://www.cdlib.org/


Preferre d M e n t a l  M o d e l s i n Qualitativ e Spatia l  Reasoning : 

A Cognitiv e Assessmen t  o f  Allen' s Calculu s 

Markus Knauff, Reinhold Rauh & Christoph Schlieder 

Universit y  o f  Freibur g 
Cente r  fo r  Cognitiv e Scienc e 
79098 Freibur g i .  Br ,  FR G 

Tel. :  ++49-761-203-494 4 /  -494 3 /  -494 5 
knauffIreinholdIcsOcognition.iig.uni-freiburg.d e 

Abstrac t 

An experiment based on Allen's calculus and its transfer to 
qualitativ e spatia l  reasoning ,  wa s conducted .  Subject s ha d t o 
find  a  conclusio n X  r j  Z  tha t  wa s consisten t  wit h th e give n 
premise s X  r j  Y  an d Yr 2 Z .  Implication s o f  th e obtaine d result s 
ar e discusse d wit h respect  t o th e menta l  mode l  theor y o f  spa -
tia l  inference .  Th e results  suppor t  th e assumptio n tha t  ther e ar e 
preferre d model s whe n peopl e solv e spatia l  three-ter m serie s 
problems .  Althoug h th e subject s performe d th e tas k surpris -
ingl y wel l  overall ,  ther e wer e significan t  difference s i n erro r 
rate s betwee n som e o f  th e tasks .  The y ar e discusse d wit h 
respect  t o th e subprocesse s o f  mode l  construction ,  mode l 
inspection ,  validatio n o f  th e answer ,  an d th e interactio n o f 
thes e subprocesses . 

I n th e secon d par t  o f  hi s pape r  Alle n introduce d a  rea -

sonin g algorith m base d o n these  relations .  Fo r  instance ,  i f 

th e syste m receive s th e informatio n tha t  X  meet s Y  an d Y  i s 

durin g Z  i t  i s  compute d tha t  th e followin g relation s 

betwee n X  an d Z  ar e possible :  X  overlap s Z  o r  X  i s durin g 

Z o r  X  start s wit h Z .  T h e se t  o f  al l  possibl e conclusion s 

tha t  ha s X  r j  Y  an d Y r 2 Z a s it s premise s ca n b e denote d a s 

c (r j  rj) .  Sinc e Allen' s theor y contain s thirtee n relations , 

we ge t  14 4 composition s c  (r j  r2) ,  omittin g th e trivia l 

"'equa r  relation .  I t  i s  eas y t o se e tha t  wha t  th e syste m doe s 

i s ver y simila r  t o wha t  cognitiv e scientist s cal l  a  spatia l 

thre e ter m serie s problem . 

I n t roduc t i o n 

In a spatial three term series problem, two spatial rela-

tiona l  terms ,  X  r j  Y  an d y  r 2 Z  ar e give n a s premises .  Th e 

goal  i s  t o fin d a  conclusio n X  r^ Z tha t  i s consisten t  wit h th e 

premises .  Suc h composition s o f  binar y spatia l  relation s hav e 

bee n studie d i n cognitiv e psycholog y (e.g .  Johnson-Laird , 

1980 ;  Johnson-Lair d &  Byrne ,  1991 )  a s wel l  a s i n spatia l 

reasonin g -  a  subiiel d o f  A I  whic h studie s formalism s o f 

encodin g spatia l  relations .  O n e o f  th e mos t  importan t 

approache s i n thi s researc h are a i s give n b y Allen' s calculus . 

Alle n (1983 )  presente d a  tempora l  logi c base d o n interval s 

representin g events ,  qualitativ e relation s betwee n thes e inter -

val s an d a n algebr a fo r  reasonin g abou t  relation s betwee n 

thes e intervals .  Althoug h Allen' s theor y wa s originall y 

develope d i n th e are a o f  tempora l  reasonin g i t  ha s triggere d 

numerou s researc h enterprise s i n spatia l  reasonin g a s well . 

Gusgen (1989) ,  Mukerje e &  Jo e (1990) ,  H e m ^ d e z (1994 ) 

and i n particula r  Freks a (1991 )  transferre d Allen' s theor y t o 

th e spatia l  domain . 

Alle n denote s thirtee n qualitativ e relation s betwee n tw o 

intervals :  befor e (< )  an d it s convers e afte r  (>) ,  meet s (m )  an d 

met  b y (mi) ,  overlap s (o )  an d overlappe d b y (oi) ,  finishes  (f ) 

and finished  b y (fi) ,  durin g (d )  an d contain s (di) ,  start s (s ) 

and starte d b y (si) ,  an d equa l  (= )  tha t  ha s n o converse .  Fig -

ur e 1  give s pictoria l  example s fo r  thes e relations .  I t  i s eas y t o 

see tha t  thes e 1 3 relation s ca n b e use d t o expres s an y qualita -

tiv e relationshi p tha t  ca n b e hel d betwee n tw o intervals . 

X befor e ' x leet s >  x  overla p sjydurin g ' x start s ' x  finish t  ;  j t  equa l 

Figur e 1 :  T h e possibl e qualitativ e relation s tha t  hol d 

betwee n tw o interval s (Allen ,  1983) . 

C o n c e p t u a l  a n d inferentia l  a d e q u a c y 

Allen's theory has often been claimed to be cognitively 

adequat e (e.g .  Freksa ,  1992) .  However ,  ther e i s n o agree -

ment  o n wha t  cognitiv e adequac y is .  I n a  stron g sense ,  i t  a t 

leas t  mean s tha t  somethin g i s a  mode l  o f  huma n cognitio n 

(Strube ,  1992) .  Th e followin g i s a n attemp t  t o giv e a  spe -

cializatio n o f  wha t  th e cognitiv e adequac y o f  Allen' s the -

or y ma y be .  Th e questio n is ,  whethe r  cognitiv e adequac y 

i s claime d fo r  th e thirtee n qualitativ e relation s o r  fo r  th e 

reasonin g mechanism ? W e distinguis h betwee n tw o kind s 

of  cognitiv e adequacy ,  namel y conceptua l  an d inferentia l 

cognitiv e adequacy . 

Conceptua l  cognitiv e adequac y ca n b e claimed ,  i f  an d 

onl y i f  empirica l  evidenc e support s th e assumptio n tha t 

Allen' s syste m o f  relation s i s a  mode l  o f  people' s concep -

tua l  knowledg e o f  spatia l  relationships .  However ,  a s fa r  a s 

we k n o w ther e i s n o attemp t  t o tes t  empiricall y whethe r  o r 

no t  Allen' s calculu s i s cognitivel y adequat e fro m thi s poin t 

o f  view . 
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Inferentia l  cognitiv e adequac y ca n b e claimed ,  i f  an d 

onl y i f  th e reasonin g niechanis m o f  th e calculu s i s structur -

all y simila r  t o th e wa y o f  peopl e reaso n abou t  space .  Accord -

in g t o thi s definition ,  w e hav e t o answe r  tw o mai n questions . 

I f  th e sam e spatia l  relationa l  terms ,  X  r j  Y  an d K  r j  Z  ar e 

give n a s premise s t o huma n subject s an d t o a  syste m usin g 

Allen' s calculus ,  d o bot h com e u p wit h th e sam e conclusion ? 

Thi s i s th e first  question ,  whic h i s relativel y eas y t o tes t 

empirically .  Th e secon d questio n i s concerne d wit h th e men -

ta l  processe s underlyin g spatia l  inference .  Fo r  a  lon g time , 

th e grea t  majorit y o f  researcher s believe d i n menta l  repre -

sentation s o f  forma l  rule s o f  inference .  The y propose d tha t 

inference s ar e mad e b y forma l  derivation s an d proo f  o f  con -

clusion s (Hagert ,  1985) .  Recently ,  th e mos t  successfu l 

approaches ,  however ,  argue d agains t  thes e rule-base d 

approache s o f  spatia l  reasoning .  Th e mos t  importan t  theorie s 

ar e thos e tha t  g o bac k o n th e differen t  variant s o f  menta l 

model s (Huttenlocher ,  1968 ;  Johnson-Laird ,  1983 ;  Johnson -

Lair d &  Byrne ,  1991) .  Generally ,  th e ke y ide a o f  menta l 

model  theorie s i s tha t  peopl e translat e a n externa l  situatio n 

of  th e rea l  worl d a s wel l  a s abstrac t  concept s int o a  menta l 

"simulation "  o r  menta l  model .  Fo r  spatia l  inferenc e task s 

Johnson-Lair d argue d tha t  peopl e solv e the m b y imaginin g 

th e spatia l  layout .  Spatia l  reasonin g from  thi s poin t  o f  vie w 

relie s no t  primaril y o n syntacti c operations ,  bu t  o n th e 

semanti c processe s o f  constructio n an d manipulatio n o f 

menta l  model s (Johnson-Lair d &  Byrne ,  1991) .  Firs t  a n 

interna l  mode l  o f  th e "stat e o f  affairs "  tha t  th e premise s 

describ e i s buil t  {comprehensio n phase) ,  the n a  parsimoniou s 

descriptio n o f  th e menta l  mode l  includin g a  putativ e conclu -

sio n i s constructe d (descriptio n phase) .  I n a  thir d stage ,  peo -

pl e tr y t o find  alternativ e model s o f  th e premise s i n whic h 

thi s conclusio n i s fals e (validatio n phase) .  I f  the y canno t  find 

suc h a  model ,  th e conclusio n mus t  b e true .  I f  the y find a  con -

tradiction ,  the y retur n t o th e secon d stag e -  an d s o o n unti l 

al l  possibl e model s ar e teste d (Johnson-Lair d &  Byrne , 

1991) .  Johnson-Laird' s theor y o f  spatia l  inference s doe s no t 

answer  a  numbe r  o f  questions ,  however .  I n particular ,  i t  doe s 

not  see m plausibl e tha t  th e sequenc e o f  teste d menta l  model s 

i s a  stochasti c  one .  Contrar y t o that ,  w e believ e tha t  ther e ar e 
preferre d models ,  whic h wil l  b e generate d first.  I f  suc h pre -

ferre d model s fo r  mos t  o f  th e inferenc e task s describe d b y 

th e Alle n calculu s ca n b e found ,  w e woul d assum e tha t  -  a t 

leas t  i n thos e case s -  th e mode l  constructio n proces s i s deter -

ministic .  I n othe r  words ,  th e give n premise s uniquel y deter -

min e th e mode l  whic h i s constructed .  Th e agreemen t  o f 

experimenta l  dat a wit h menta l  mode l  theor y i n thi s essentia l 

poin t  woul d b e a  stron g argumen t  fo r  th e applicabilit y  o f  th e 

theor y t o spatia l  inference s wit h th e Alle n relations .  Thi s i s 

th e questio n o f  whethe r  Allen' s calculu s ca n b e calle d infer -

entiall y  adequate ,  whic h w e wil l  n o w investigate . 

E x p e r i m e n t 

To distinguish between conceptual and inferential 

aspect s o f  Allen' s calculus ,  th e computer-aide d experi -

ment  wa s separate d int o thre e blocks :  a  definitio n - ,  a 

learnin g - ,  an d th e inferenc e phase . 

Subjects :  3 3 student s o f  th e Universit y o f  Freiburg , 

wit h a n ag e rang e from  2 0 t o 4 2 years . 

Me tho d an d Procedure :  I n th e definitio n phase ,  sub -

ject s rea d description s o f  th e location s o f  a  re d an d a  blu e 

interva l  usin g th e 1 3 qualitativ e relation s (i n German) . 

Eac h verba l  descriptio n wa s presente d wit h a  shor t  com -

mentar y abou t  th e locatio n o f  th e beginning s an d ending s 

of  th e tw o interval s an d a  pictur e wit h a  re d an d blu e inter -

val  tha t  matche d th e description . 

Th e learnin g phas e consiste d o f  block s o f  trials ,  wher e 

subject s wer e presente d wit h th e one-sentenc e descriptio n 

of  th e re d an d blu e interval .  The y the n ha d t o determin e 

th e beginnin g an d endin g o f  th e blu e interval :  ou t  o f  8  pos -

sibl e point s tha t  wer e displaye d belo w a  re d interval ,  sub -

ject s ha d t o choos e 2  o f  the m b y pressin g associate d 

number s o n th e keyboard .  Afte r  confirmatio n o f  her/hi s 

final  choices ,  th e subjec t  wa s tol d whethe r  her/hi s choice s 

wer e correc t  o r  false .  I f  the y wer e false ,  additiona l  infor -

matio n abou t  al l  correc t  answer s wa s given .  Trial s wer e 

presente d i n block s o f  al l  1 3 relation s i n randomize d order . 

Th e learnin g criterio n fo r  on e relatio n wa s accomplishe d i f 

th e subjec t  gav e correc t  answer s i n 3  consecutiv e block s o f 

th e correspondin g relation .  Th e learnin g phas e stoppe d a s 

soo n a s th e las t  remainin g relatio n reache d th e learnin g 

criterion .  Subject s neede d 1 5 t o 3 0 minute s t o accomplis h 

th e learnin g phase .  Fo r  eac h trial ,  th e subject' s choice s o f 

beginning s an d endings ,  typ e o f  answe r  (correc t  vs .  incor -

rect )  an d respons e time s wer e recorded . 

I n th e inferenc e phase ,  th e mai n par t  o f  th e experiment , 

subject s ha d t o solv e 14 4 spatia l  three-ter m serie s prob -

lem s accordin g t o Allen' s twelv e relation s (withou t 

"equal") .  The y wer e presente d i n randomize d orde r  i n th e 

followin g way :  Th e re d interva l  start s wit h th e gree n 

interva l  (premis e 1) ;  Th e gree n interva l  overlap s th e blu e 

interva l  (premis e 2) .  Whic h relationshi p ca n b e hel d 

betwee n th e re d an d blu e interva l  (questio n fo r  conclu -

sion) ? Subject s ha d t o determin e th e beginnin g an d endin g 

of  th e blu e interva l  b y pressin g number s o n th e keyboar d 

as learne d before .  Th e dependen t  measur e wer e reactio n 

time s an d erro r  rates . 

Results 

For the statistical analyses, a level of significance of 5% 

wil l  b e adopted .  Type s o f  answe r  (correc t  vs .  incorrect ) 

wer e analyzed ,  an d ar e reporte d i n th e followin g section . 

Learnin g phase .  A s mentione d above ,  th e learnin g 

phas e shoul d guarante e tha t  subject s acquir e th e relationa l 
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Tabl e 1 :  M e a n numbe r  o f  learnin g trial s an d percentag e o f  correc t  answer s fo r  eac h relation . 

X 

% correc t 

< 

3.2 7 

94. 4 

m 

3.2 7 

92.6 

0 

3.3 6 

91. 9 

fi 

3.2 4 

95. 3 

di 

3.3 3 

93. 6 

si 

3.4 2 

92. 0 

= 

3.0 0 

100 

s 

3.4 5 

91. 2 

d 

3.5 5 

89. 7 

f 

3.3 6 

93. 7 

oi 

3.6 7 

90. 1 

mi 

3.6 7 

89. 3 

> 

3.2 7 

93. 5 

Tota l 

3.3 8 

92. 9 

concept s an d associat e the m correctl y wit h natura l  languag e 

expressions .  I n Tabl e 1 ,  th e mea n number s o f  learnin g trial s 

acros s subject s ar e listed ,  tha t  mean s h o w man y trial s ou r 

subject s neede d t o accomplis h th e require d 3  consecutiv e 

correc t  answer s fo r  eac h relation .  A s ca n easil y b e seen ,  sub -

ject s understoo d th e relatio n "= "  a t  onc e ( X =  3.00 ) 

whereas ,  o n th e average ,  the y neede d th e mos t  learnin g trial s 

fo r  th e relation s "ol "  an d "m i "  (  X  =  3.6 7 ,  each) .  Th e max -

i m u m numbe r  o f  learnin g trial s tha t  on e subjec t  neede d fo r 

th e relatio n "si "  wa s 10 .  A s expected ,  th e patter n wa s nearl y 

th e sam e fo r  th e relate d measur e o f  th e percentag e o f  correc t 

response s (se e Tabl e 1) .  F ro m thes e results ,  w e ca n conclud e 

(i )  tha t  ou r  learnin g phas e wa s successful ,  (ii )  tha t  Allen' s 

relation s ca n b e acquire d an d associate d wit h natura l  lan -

guag e expression s i n reasonabl e time ,  (iii )  an d tha t  th e fol -

lowin g result s o f  th e inferentia l  phas e ar e affecte d onl y o r 

mostl y b y th e cognitiv e inferentia l  process .  Th e substantia l 

difference s betwee n relations  indicat e tha t  fiirthe r  researc h 

regardin g th e conceptua l  adequac y i s necessary . 

Preferred mental models. To test the global hypothesis 

tha t  ther e ar e generall y preferre d menta l  models ,  a  chi -

squar e tes t  wa s conducted ,  base d o n th e H q tha t  th e numbe r 

of  answer s pe r  categor y woul d b e equall y distribute d fo r  al l 

thre e ter m serie s problem s wit h multipl e model s (i.e. ,  7 2 ou t 

of  14 4 problems ;  se e shade d cell s i n Tabl e 2) .  Base d o n thi s 

hypothesis ,  w e obtaine d a  chi-squar e valu e o f  z (̂240 )  = 

1848.04 ,  p  <  .001 .  Thus ,  w e ca n rejec t  th e U q an d adop t  th e 

hypothesi s tha t  ther e ar e preferre d menta l  model s i n spatia l 

reasonin g base d o n Allen' s calculus .  Testin g th e 7 2 multipl e 

model  problem s separately ,  w e obtaine d statisticall y signifi -

can t  chi-squar e value s i n 5 3 ( + 6  =  59 )  ou t  o f  7 2 test s (se e 

Tabl e 2  fo r  details) ^  Th e mos t  impressiv e exampl e i s th e 

proble m d l  -  oi ,  wher e 84 .8 % o f  ou r  subject s chos e th e rela -

tio n "oi" ,  wherea s th e othe r  tw o correc t  relation s "di "  an d 

"si "  (se e Tabl e 1 )  wer e no t  used . 

Considerabl e difference s ca n b e foun d wit h regar d t o per -

centage s correct ,  whic h rang e from  60 .6 % (f i  -  m )  u p t o 

9 7 . 0 % ( < -  < ,  m -  m ,  o  -  < ,  s i  -  si ,  d  -  < )  i n th e on e mode l 

problems ,  an d from  6 9 . 7 % (o i  -  m )  u p t o 100.0 % ( o -  o ,  o  -

di ,  0  -  d „  fi  -  > ,  d i  -  < ,  d i  -  d ,  s i  -  < ,  s  -  si ,  >  -  o ,  >  -  d )  i n 

th e multipl e mode l  problems . 

1. For the 6 three-term series problems with 9 and 13 models, 
respectively ,  expecte d cel l  value s ar e s o smal l  tha t  th e approxi -
matio n o f  th e tes t  statisti c t o th e chi-squar e distributio n ma y b e 
rathe r  unsatisfactory .  So ,  thes e result s ma y b e interprete d onl y 
wit h caution . 

D iscuss io n 

As was outlined in the first section, the question of 

whethe r  Allen' s calculu s i s a  cognitivel y adequat e mode l 

fo r  huma n spatia l  reasonin g ha s t o b e broke n dow n int o 

severa l  subordinate d questions .  T o thes e subordinate d 

questions ,  w e ca n no w giv e som e tentativ e answers .  W e 

coul d sho w tha t  (i )  Allen' s relation s togethe r  wit h natura l 

languag e expression s ca n b e acquire d quickly ,  an d (ii )  tha t 

subject s ar e rathe r  goo d i n solvin g inferenc e problem s o f 

th e give n kin d (mor e tha n 6 0 % correc t  answer s i n th e 

wors t  case) .  Ther e i s als o substantia l  evidence ,  however , 

tha t  ther e ar e difference s wit h respec t  t o th e conceptua l 

and th e inferentia l  adequacy ,  whic h a  cognitiv e plausibl e 

model  mus t  accoun t  for .  Wit h respec t  t o inferentia l  ade -

quacy ,  a n extensio n an d specificatio n o f  th e menta l  mode l 

approac h seem s mos t  promisin g t o us . 

We wer e primaril y intereste d i n th e existenc e o f  pre -

ferre d models ,  bu t  ther e i s als o a  connectio n betwee n th e 

erro r  rate s foun d an d th e menta l  mode l  approac h tha t  i s 

worth y o f  discussion .  A n y detaile d modelin g o f  th e infer -

enc e proces s wil l  hav e t o accoun t  fo r  th e fac t  that , 

althoug h th e subject s performe d surprisingl y wel l  overall , 

ther e ar e significan t  difference s i n th e erro r  rat e betwee n 

some o f  th e tasks .  I n th e following ,  w e wil l  addres s tw o 

question s relate d t o a  menta l  mode l  interpretatio n o f  erro r 

rates :  (1 )  H o w d o menta l  mode l  theorie s explai n differ -

ence s i n erro r  rates ? (2 )  Whic h o f  thes e alternativ e expla -

nation s ar e rule d ou t  b y th e presen t  data ? 

To answe r  th e first  questio n i t  i s necessar y t o com e bac k 

t o th e genera l  structur e o f  th e inferenc e proces s describe d 

above .  First ,  wha t  Johnson-Lair d &  Byrn e (1991 ,  p.36 ) 

cal l  comprehensio n phase ,  tha t  is ,  th e constructio n o f  a 

model  o f  th e premises ,  second ,  th e descriptio n phas e i n 

whic h th e mode l  i s inspecte d t o find  whic h conclusio n 

holds ,  finally  th e validatio n phas e whic h consist s o f  exam -

inin g alternativ e models .  Not e tha t  th e validatio n phas e 

amount s t o a n iteratio n o f  th e tw o earlie r  phases :  ne w 

model s ar e constructe d an d inspecte d unti l  al l  o r  a  suitabl e 

number  o f  model s ar e exhausted .  I n general ,  w e ma y 

expec t  th e thre e phase s t o appea r  i n an y kin d o f  suc h infer -

enc e tasks .  However ,  ther e ar e sligh t  difference s depend -

in g o n th e inferenc e paradig m tha t  i s used .  T w o inferenc e 

paradigm s ar e commonl y foun d i n literatur e o n reasoning . 

We wil l  refe r  t o the m a s inferenc e verificatio n tas k an d 

activ e inferenc e task .  T o mak e th e differenc e explici t  w e 

introduc e th e notatio n {cPi'92 '  ^  ^ 3 >  ̂ o denot e th e 
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fac t  tha t  th e conclusio n cp ^  i s compatibl e wit h th e premise s 

^ 1 an d ^ 2 .  Then ,  th e tw o paradigm s ma y b e writte n a s fol -

lows : 

(1) inference verification: does {^>^,<\>2} > cp^ hold? 

(2a) active general inference: find all (p^ such 

tha t  {(Pj,Cp2 }  >  Cpj . 

(2b) active particular inference: find some cp^ such 

tha t  {cpĵ Cpj }  >  93 -

The experiment clearly follows (2b), the active particular 

inferenc e paradigm .  Fo r  activ e inference s th e followin g 

structurin g o f  th e inferenc e proces s i s implie d b y menta l 

model  theor y (cf .  th e simila r  descriptio n o f  Johnson-Lair d & 

Byrne ,  1991 ,  p.3 6 fo r  th e inferenc e verificatio n paradigm) . 

repea t 

model  < — 

answer s 

Construc t  a  mode l  fro m (P j  an d (P 2 
Inspec t  th e mode l  fo r  (p -  an d ad d 

i t  t o answers . 

unti l  ther e ar e n o mor e model s 

In the case of an active particular inference the loop is 

execute d jus t  once .  Ther e ar e thre e place s wher e on e ca n 

loo k fo r  algorithmi c complexit y i n th e procedure ,  a  complex -

it y whic h shoul d translat e int o cognitiv e complexity ,  an d 

eventuall y int o highe r  erro r  rates .  Obviously ,  thes e place s 

correspon d t o th e thre e phases .  Th e mos t  relevan t  amon g 

the m i s th e validatio n phase ,  i.e .  th e repea t  loo p i n th e abov e 

procedure ,  sinc e i t  ha s t o cop e wit h th e complexit y tha t 

arise s fro m ther e bein g differen t  model s t o examine .  Severa l 

alternative s (cf .  Johnson-Laird ,  1983 ,  p .  163 )  ca n b e envis -

aged fo r  th e validatio n phase .  T w o o f  thes e whic h ar e impor -

tan t  are : 

(I) generation of models within the validation loop 

(2 )  generatio n o f  al l  model s befor e enterin g th e 

validatio n loop . 

(1) means that the models are generated within the itera-

tiv e validatio n loo p describe d above ,  tha t  is ,  mode l  construc -

tio n an d mode l  inspectio n alternate .  Oppose d t o this ,  i n (2 ) 

al l  model s ar e generate d befor e enterin g th e loop ,  tha t  is , 

model  constructio n an d mode l  inspectio n processe s ar e sepa -

rated .  I n agreemen t  wit h th e overal l  assumptio n o f  sequentia l 

flow  o f  contro l  generatio n befor e enterin g th e loo p i s t o b e 

though t  o f  a s a n iterativ e proces s i n itself .  Bot h alternative s 

impl y tha t  a n inferenc e tas k involvin g severa l  model s i s 

computationall y mor e comple x an d thu s harde r  tha n a n 

inferenc e tas k involvin g jus t  a  singl e model .  Byrn e & 

Johnson-Lair d (1989 )  wer e abl e t o sho w fo r  a  certai n typ e o f 

spatia l  inference s i n th e verificatio n paradig m tha t  th e num -

ber  o f  model s i s i n fac t  a n adequat e complexit y measur e i n 

th e sens e tha t  i t  allow s difference s i n th e erro r  rat e 

betwee n task s t o b e explained . 

I n ou r  experimenta l  settin g whic h follow s th e activ e par -

ticula r  inferenc e paradigm ,  a n effec t  o f  th e numbe r  o f 

model s o n th e erro r  rat e woul d onl y b e predicte d b y alter -

nativ e (2) .  Sinc e i n ou r  paradig m th e repea t  loo p i s entere d 

exactl y once ,  ther e wil l  b e computationa l  cost s dependin g 

on th e numbe r  o f  model s onl y i n th e cas e tha t  al l  model s 

ar e generate d a t  onc e befor e enterin g th e loop .  W e ar e no w 

i n a  positio n t o answe r  th e secon d o f  th e tw o initia l  ques -

tions :  whic h o f  th e alternativ e explanation s (e.g .  1  o r  2 ) 

can b e rule d ou t  o n th e basi s o f  th e presen t  data ? Th e dat a 

of  th e experimen t  d o no t  sho w a  positiv e correlatio n 

betwee n th e numbe r  o f  model s an d th e erro r  rate ;  i n fact , 

th e correlatio n i s negative :  r  =  -.4146 ,  p  <  .00 1 countin g 

inference s wit h 1 3 model s (n o erro r  possible) ,  r  =  -.3737 , 

p <  .00 1 no t  countin g thos e inferences .  S o w e ma y discar d 

alternativ e (2) . 

Conclusions and future work 

We introduced a specialization of the term "cognitive 

adequac y o f  Allen' s calculus" ,  tha t  distinguishe s inferen -

tia l  an d conceptua l  aspects .  Th e experimen t  followe d thi s 

distinction .  Th e result s indicate d th e existenc e o f  preferre d 

model s fo r  spatia l  inference s wit h th e Alle n relations .  Th e 

findings  suppor t  a n accoun t  o f  th e inferenc e proces s fol -

lowin g menta l  mode l  theory .  Furthe r  evidenc e wil l  b e 

neede d befor e a  detaile d modelin g o f  th e inferenc e proces s 

i s possible .  A  serie s o f  ensuin g experiment s wil l  b e con -

cerne d wit h th e questio n o f  whethe r  th e numbe r  o f  model s 

i s a n adequat e complexit y measur e fo r  reasonin g i n th e 

Alle n calculu s -  a  questio n whic h implie s a  shif t  firom  th e 

activ e particula r  inferenc e paradig m t o th e activ e genera l 

inferenc e o r  th e inferenc e verificatio n paradigm .  Beside s 

this ,  w e wil l  carr y ou t  experiment s t o tes t  th e assumptio n 

of  th e conceptua l  adequac y o f  Allen' s calculus . 
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