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Abstrac t 

This article studies spatial relational inference within the 
framewor k o f  menta l  mode l  theory .  I t  focuse s o n th e phas e o f 
model  constructio n fo r  whic h tw o cognitiv e modeling s cur -
rentl y exis t  (Berendt ,  1996 ;  Schlieder ,  1995) .  Bot h refe r  t o th e 
aggregate d result s o f  a  forme r  experimen t  (Knauff ,  Rau h & 
Schlieder ,  1995) .  However ,  conflictin g evidenc e exist s wit h 
respec t  t o symmeUy propertie s o f  mode l  constructio n tha t 
makes th e assessmen t  o f  th e cognitiv e adequac y o f  certai n 
explanation s impossible .  W e therefor e conducte d a n experi -
ment  usin g computationa l  tool s provide d b y A I  researc h o n 
QuaUtativ e Spatia l  Reasonin g (QSR )  t o investigat e whethe r 
th e mode l  constructio n proces s work s th e sam e fro m lef t  t o 
right  an d vic e vers a (symmetr y o f  reorientation) ,  an d whethe r 
th e processin g o f  spatia l  relation s depend s o n wha t  wa s 
alread y processe d (symmetr y o f  transposition) .  Experimenta l 
result s clearl y indicat e tha t  th e symmetr y o f  transpositio n can -
not  b e foun d i n subjects '  answer s t o indeterminat e spatia l 
four-ter m serie s problem s an d tha t  th e degre e o f  reorientatio n 
symmetr y i s no t  perfect .  Th e latter ,  however ,  ca n b e entirel y 
attribute d t o performanc e variation ,  sinc e th e response s o f 
reteste d subject s t o th e sam e problem s wer e onl y concordan t 
t o th e sam e degree . 

I n t r o d u c t i o n 

Relational inferences are said to be very common, frequent 
and ubiquitou s (Evans ,  Newstea d &  Byrne ,  1993 ,  chap .  6) . 
A n importan t  subclas s o f  thes e inference s concern s spatia l 
relations .  Conside r  th e followin g exampl e o f  a  spatia l  rela -
tiona l  inferenc e abou t  th e (one-dimensional )  positio n o f  tw o 
interval s o n a  line : 

Interva l  A  overlap s interva l  B  fro m th e left . 
Interva l  B  i s completel y i n interva l  C . 
H o w coul d interva l  A  li e wit h respec t  t o interva l  C ? 

I n th e psycholog y o f  reasoning ,  severa l  proposal s wer e mad e 
t o explai n h o w huma n reasoner s solv e suc h three-ter m serie s 
problem s (th e thre e term s ar e th e interval s A ,  B ,  an d Q . 
Accordin g t o Evans ,  Newstea d an d Byrn e (1993) ,  th e mos t 
successfu l  framewor k fo r  describin g spatia l  relationa l  infer -
ence—and possibl y als o reasonin g i n general—i s th e menta l 
model  theory . 

The menta l  mode l  theor y (Johnson-Laird ,  1983 ;  Johnson -
Lair d &  Byrne ,  1991 )  postulate s tha t  reasonin g i s a  proces s 
durin g whic h reasoner s first  buil d a n integrate d representa -
tio n o f  th e situatio n describe d i n th e premises—th e menta l 
mode l—and the n inspec t  thi s mode l  fo r  new ,  unstate d infor -
mation .  I n certai n reasonin g task s suc h a s deduction ,  alterna -

tiv e model s o f  th e premise s ar e constructe d t o determin e 
whethe r  a  mode l  exist s whic h contradict s a  putativ e conclu -
sion .  I n th e domai n o f  spatia l  relationa l  inference ,  thes e thre e 
phase s ar e calle d mode l  construction ,  mode l  inspection ,  an d 
model  variatio n (Rauh ,  Schliede r  &  Knauff ,  1997) .  I n thi s 
article ,  w e concentrat e o n investigatin g th e first  phase—th e 
phas e o f  mode l  construction . 

Investigating Model Construction Using a Sys-

t e m o f  Spatia l  Re la t ion s f r o m A I  R e s e a r c h 

One-dimensional  spatial relational inference is usually stud-
ie d fo r  th e followin g system s o f  relations :  left-right ,  before -
behlnd ,  east-west ,  north-sout h (e.g .  Byrn e &  Johnson -
Laird ,  1989 ;  Ehrlic h &  Johnson-Laird ,  1982 ;  Johnson-Lair d 
& Byrne ,  1991 ;  Maki ,  1981 ;  Man i  &  Johnson-Laird ,  1982) . 
As i n ou r  forme r  experiment s (Knauff ,  Rau h &  Schlieder , 
1995 ;  Rauh ,  Schliede r  &  Knauff ,  1997) ,  w e us e th e syste m 
of  interva l  relation s introduce d b y Alle n (1983 )  providin g 
th e methodologica l  advantage s describe d below .  It s 1 3 
jointl y exhaustiv e an d pairwis e disjoin t  relation s describ e th e 
relativ e positio n o f  tw o interval s o n a  line .  Originally ,  Alle n 
(1983 )  propose d th e syste m i n orde r  t o represen t  relation s 
betwee n tim e intervals .  Soon ,  however ,  th e relation s an d th e 
calculu s base d o n the m wer e applie d t o th e spatia l  domai n 
(e.g .  Freksa ,  1991) .  The y hav e sinc e bee n widel y use d i n A I 
researc h o n Qualitativ e Spatia l  Reasonin g (QSR) ,  an d thei r 
computationa l  propertie s hav e bee n thoroughl y analyzed . 
Tabl e 1  show s th e 1 3 interva l  relation s listin g fo r  eac h th e 
relation' s symbol ,  th e natura l  languag e descriptio n o f  th e 
relatio n use d i n ou r  experiment ,  a  graphica l  realization ,  an d 
th e orderin g o f  th e interval' s  startpoint s an d endpoint s whic h 
define s th e relation . 

An exampl e o f  a  three-ter m serie s base d o n interva l  rela -
tion s wa s give n i n th e introduction .  Four-ter m serie s prob -
lem s ca n b e formulate d i n a  simila r  manner .  A  four-ter m 
serie s concern s th e positionin g o f  fou r  interval s A ,  B ,  C ,  D , 
and consist s o f  thre e premise s A  r j  B ,  B  r 2 C ,  an d C  r ^  D , 
eac h o f  whic h specifie s a  relatio n betwee n tw o intervals .  Th e 
thre e remainin g relation s A  r ^  C ,  B  r ^  D ,  an d A  r^ D ar e con -
straine d b y th e premises .  W e cal l  the m th e conclusion s o f  th e 
four-ter m serie s proble m (strictl y  speaking ,  a n abus e o f  logi -

cal  terminology) .  I n a  reasonin g tas k th e premise s ar e give n 
and th e subjec t  i s aske d t o provid e th e conclusions .  W e writ e 
thi s  a s ( A r y  B ,  B  r2C, C r ^  D )  0  ( A r ^  C,  Br5D, A r ^  D) . 

638 

mailto:REINHOLD@COGNITION.lIG.UNI-FREIBURG.DE
mailto:CS@COGNITION.IIG.UNI-FREIBURG.DE


Tabl e 1 :  Th e 1 3 qualitativ e interva l  relations ,  associate d natura l  languag e expressions ,  graphica l  realization ,  an d orderin g o f 
startpoint s an d endpoint s (adapte d an d augmente d accordin g t o Allen ,  1983) . 

Relatio n 

symbo l 
Natura l  languag e descriptio n Graphica l  realizatio n 

Poin t  orderin g 

(s=startpoint ,  e=endpoint ) 

X <  Y  X  lie s t o th e lef t  o f  Y 

X m Y X touches Y at the left 

X 0 Y X overlaps Y from the left 

X s Y X lies left-justified in Y 

X d Y X is completely in Y 

X f Y X lies right-justified in Y 

X = Y X equals Y 

X fi Y X contains Y right-justified 

X di Y X surrounds Y 

X si Y X contains Y left-justified 

X oi Y X overlaps Y from the right 

X mi Y X touches Y at the right 

X>Y X lies to the right of Y 

I  3 

{'•'̂•'i\um r 

tt^,wi.;,;jjj-., ] I  I 

Sx <  e x <  S y <  e y 

Sx < ex = Sy < ey 

Sx < Sy < ex < ey 

Sy = Sx<ex<ey 

Sy < Sx < ex < ey 

Sy < Sx < ex = ey 

Sx = Sy < ey = ex 

Sx < Sy < ey = ex 

Sx < Sy < ey < ex 

Sx = Sy < ey < ex 

Sy < Sx < ey < ex 

Sy < ey = Sx < ex 

Sy < ey < Sx < ex 

Correc t  an d Model-Consisten t  Solution s 

A conclusion is correct if it is consistent with the premises, 
i.e .  i f  a n interva l  configuratio n exist s i n whic h th e premise s 
and th e conclusio n i n questio n hold .  Thre e conclusion s for m 
a correc t  solutio n o f  th e four-ter m serie s i f  eac h conclusio n 
i s correct .  I n general ,  ther e ar e severa l  correc t  solution s t o a 
four-ter m series .  Fo r  instance ,  eac h o f  th e following ,  ( A d i  B , 
B>C,CmD)  >  iAmC.BdD,A=D)2Ln(i( A d i  B ,  B  >  C, 
C m D)  >  { A > C ,  B f D .  A = D ) i s correctl y solved .  A  com -
puter-base d analysi s reveal s tha t  ther e ar e 27 5 correc t  solu -
tion s t o thi s task ;  however ,  th e correc t  solution s fal l  int o tw o 
fundamentall y differen t  classes :  Thos e whic h ar e model-con-
sisten t  an d thos e whic h ar e not .  Fo r  a  model-consisten t  solu -
tion ,  a  singl e interva l  configuratio n exist s i n whic h al l  thre e 
conclusion s ar e correct .  Th e first  solutio n give n abov e i s o f 
thi s type .  A  correc t  solutio n mus t  no t  b e model-consisten t  a s 
correctnes s require s onl y tha t  eac h conclusio n b e consisten t 
wit h th e premises ,  bu t  no t  wit h th e othe r  tw o conclusions . 
The secon d solution ,  fo r  example ,  i s  correc t  bu t  no t  model -
consistent .  I n fact ,  onl y 3 5 ou t  o f  th e 27 5 correc t  solution s t o 
thi s proble m ar e model-consistent . 

Bein g abl e t o distinguis h betwee n correc t  an d model-con -
sisten t  solution s constitute s a n importan t  methodologica l 
advantage .  I n investigatin g spatia l  relationa l  inference ,  i t  i s 
usuall y assume d tha t  i f  a  proble m i s correctl y solved ,  th e 
constructio n o f  th e menta l  mode l  succeeded .  Wit h four-ter m 
serie s base d o n interva l  relations ,  however ,  correc t  solution s 
can b e identifie d fo r  whic h mode l  constructio n mus t  eithe r 
hav e faile d o r  neve r  bee n attempte d (e.g .  throug h th e appli -
catio n o f  a  differen t  reasonin g strategy) .  Suc h solution s ar e 
not  model-consistent .  Computationa l  tool s fo r  thi s ne w typ e 
of  contro l  fo r  mode l  constructio n hav e bee n provide d b y th e 
AI  communit y i n th e for m o f  efficien t  algorithm s fo r  com -
putin g th e correc t  a s wel l  a s th e model-consisten t  solutions . 

Symmetry Analysis of Solutions 

Computational analysis of the interval relations has shown 
tha t  a  grou p o f  symmetr y transformation s play s a n importan t 
rol e (Ligozat ,  1990) .  A  symmetr y transformatio n relate s on e 
four-ter m serie s proble m (premise s an d conclusions )  t o 
another .  T w o fundamenta l  symmetr y transformations ,  calle d 
transpositio n an d reorientation ,  generat e th e whol e group . 
Bot h hav e a  simpl e geometrica l  interpretatio n a s i s  illus -
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transpositio n 
3 

X 
reorientatio n 

r 

t : 

( A d  B ,  B  t i  C ,  C > D )  > 
( A 0  C ,  B  o i  D .  A  mi  D ) 

(A<B,BfC,CdiD)[ > 

( A 0  C ,  B  o i  D ,  A  m D ) 

A 
B 
C 
D 

^ 

n_ 
z\ 

X 
(A>B ,  BsC .  CdiD)[ > 

( A o i  C ,  B  o  D ,  A  mi  D ) 

V 
I  1 

X 

reorientatio n 

I  I 
( A d  B ,  B  s i  C ,  C  <  D )  i > 
( A o i  C ,  B  o  D ,  A  11 1 D ) 

J 

transpositio n 

Figur e 1 :  Symmetr y transformation s o n Allen-base d four -
ter m serie s problem s constitutin g a n orbi i  o f  4  inferenc e 

tasks . 

trate d i n Figur e 1 ,  i n whic h fou r  task s wit h relate d solution s 
ar e shown ,  eac h havin g a n interva l  configuratio n i n whic h 
th e premise s an d th e conclusion s ar e correc t  an d model-con -
sistent .  A  se t  o f  fou r  task s relate d b y symmetrie s i s calle d a n 
orbit .  Reorientatio n o f  a  tas k i s  achieve d b y reflectin g th e 
interva l  configuratio n aroun d th e vertica l  axis .  Th e transposi -
tio n o f  a  tas k i s obtaine d b y reflectin g th e interva l  configura -
tio n aroun d th e horizonta l  axis .  Solution s give n t o four-ter m 
serie s problem s ca n b e analyze d i n orde r  t o determin e 
whethe r  the y respec t  o r  violat e th e symmetries .  If ,  fo r 
instance ,  th e proble m ( A <  B ,  B f C ,  C  d i  D )  i s  answere d 
wit h { A o C ,  B  o i  D ,  A  m D )  the n ther e i s onl y on e solutio n t o 
th e proble m { A > B .  B  s  C ,  C  d i  D )  whic h respect s reorienta -
tio n symmetry ,  namel y ( A o i  C ,  B  o  D ,  A  m i  D ) .  Valuabl e 
informatio n abou t  th e reasonin g proces s ca n b e obtaine d b y 
analyzin g symmetr y violations . 

The Construction of Preferred Mental Models 

Investigating the phase of model construction, Knauff, Rauh 
and Schliede r  (1995 )  wer e abl e t o sho w tha t  a  significan t 
majorit y o f  peopl e constructe d identica l  first  solution s t o 
spatia l  three-ter m serie s problem s tha t  hav e multipl e solu -
tions .  Th e solution s mos t  frequentl y constructe d wer e 
terme d preferre d menta l  models .  F ro m a  logica l  perspective , 
ther e i s n o reaso n i n preferrin g on e solutio n t o another .  Th e 
reaso n fo r  mode l  preferenc e i s psychological ,  an d lie s i n th e 
cognitiv e proces s tha t  construct s th e preferre d menta l  model . 
O ne wa y o f  gainin g furthe r  insigh t  int o thi s proces s i s t o loo k 
at  violation s o f  reorientatio n symmetr y an d transpositio n 
symmetry .  Bot h symmetr y transformation s posses s a  func -
tiona l  interpretatio n i n term s o f  mode l  construction .  A  com -
plet e absenc e o f  violation s o f  reorientatio n symmetr y mean s 
tha t  mode l  constructio n follow s th e sam e layou t  strateg y 

workin g fro m lef t  t o righ t  a s i t  doe s workin g fro m righ t  t o 
left .  Similarly ,  a  complet e absenc e o f  violation s o f  transposi -

tio n symmetr y indicate s tha t  th e positionin g o f  interval s i n 

th e menta l  mode l  doe s no t  depen d o n th e orde r  i n whic h pre -

viou s interval s wer e integrate d int o th e menta l  model . 

Conflicting Evidence Concerning Symmetries 

The presence or absence of one or both of these symmetry 
propertie s ca n lea d t o th e discardin g o f  numerou s explana -
tion s an d provide s minima l  restriction s tha t  mus t  b e fulfille d 
by cognitiv e modeling s o f  th e mode l  constructio n process . 
Subsequen t  symmetr y analyse s o f  th e aggregate d dat a o f 
preferre d menta l  model s i n Knauf f  e t  al .  (1995 )  reveale d 4 

reorientatio n asymmetrie s bu t  1 3 transpositio n asymmetries , 
out  o f  a  possibl e 2 8 fo r  each .  Thi s gav e ris e t o th e conclusio n 
tha t  account s demandin g strictl y transpositio n symmetrie s 
ar e empiricall y no t  tenable ,  an d tha t  th e numbe r  o f  reorienta -
tio n symmetrie s i s lo w enoug h tha t  a  cognitiv e modelin g 
nee d no t  accoun t  fo r  the m (Schlieder ,  1995) . 

Base d o n thi s data ,  Schliede r  (1995 )  propose d a  cognitiv e 
modelin g i n whic h mode l  constructio n work s identicall y 
fro m lef t  t o righ t  an d righ t  t o lef t  (i t  construct s preferre d 
menta l  model s tha t  ar e symmetrica l  wit h respec t  t o reorien -
tation) .  I t  i s  howeve r  als o abl e t o accoun t  fo r  asymmetrie s 
wit h respec t  t o transposition .  Th e same—reorientatio n sym -
metry ,  transpositio n asymmetry—i s tru e o f  th e imagery -
base d cognitiv e modelin g o f  th e mode l  constructio n proces s 
propose d b y Berend t  (1996) . 

I n a  replicatio n o f  thi s experimen t  (KuB ,  Rau h &  Strube , 
1996) ,  th e numbe r  o f  reorientatio n symmetrie s wa s th e same , 
but  th e occurrenc e o f  transpositio n asymmeu-ie s decrease d t o 
th e absolut e numbe r  o f  4 .  Th e questio n o f  whethe r  mode l 
constructio n i s sensitiv e t o th e informatio n alread y processe d 
was thu s re-opened . 

I n th e following ,  w e describ e a n experimen t  whic h wa s 
planne d t o resolv e thi s issue .  Bein g no t  jus t  anothe r  replica -
tio n o f  th e forme r  two ,  i t  wa s tailore d t o answe r  th e ques -
tion s (i )  whethe r  mode l  constructio n i s  necessaril y 
symmetri c wit h respec t  t o transposition ,  an d (ii )  whethe r 
model  constructio n show s th e sam e degre e o f  symmetr y wit h 
respec t  t o reorientatio n an d transposition .  T o avoi d th e possi -
bilit y  o f  a n artifac t  o f  aggregatio n wher e a  patter n o f  effect s 
ca n aris e tha t  neve r  occur s o n th e individua l  leve l  becaus e o f 
changin g majorities ,  symmetr y analysi s wa s conducte d o n 
an individua l  level . 
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E x p e r i m e n t a l  Invest igat io n o f  S y m m e t r i e s o f 

P r e f e r r e d M e n t a l  M o d e l s 

Each subject read referentially continuous four-term .vcriV.v 
problem s (Ehrlic h &  Johnson-Laird ,  1982 )  accordin g t o th e 
separated-slage s paradig m (Pott s &  Scholz ,  1975) ,  an d ha d 
t o the n determin e on e possibl e relatio n betwee n th e first  an d 
fourth ,  first  an d third ,  an d secon d an d fourt h interva l  sepa -
rately . 

Subjects: 

20 paid students, 10 female and 10 male, of the University of 
Freibur g participate d i n th e experimen t  whic h too k approxi -
matel y tw o hours . 

Materials: 

As described in Schlieder (1995), the group of symmetry 
transformatio n decompose s th e se t  o f  al l  12x1 2 three-ter m 
serie s (omittin g th e "= "  relation )  int o 1 4 orbits .  O n e m e m b e r 
of  eac h orbi t  wa s chose n randomly ,  augmente d b y on e addi -
tiona l  interva l  relatio n yieldin g a  four-ter m serie s problem . 
To obtai n th e othe r  thre e correspondin g symmcln c four-ter m 
serie s problems ,  th e symmetr y operation s o f  reorientation , 
transposition ,  an d reorientatio n togethe r  wit h transpositio n 
wer e applie d t o th e origina l  problem .  O n e suc h orbi t  wit h 
fou r  four-ter m serie s problem s ca n b e see n i n Figur e 1 .  Th e 
fou r  member s o f  on e orbi t  wer e compile d i n fou r  differen t 
blocks ,  yieldin g block s o f  1 4 referentiall y  continuou s four -
ter m serie s problem s plu s on e practic e bloc k i n th e begin -
nin g consistin g o f  5  othe r  simpl e four-ter m serie s problems . 
The sequenc e o f  experimenta l  block s wa s counterbalance d 
acros s subject s accordin g t o a  sequentiall y  balance d Lati n 
square . 

Procedure: 

The computer-aided experiment was separated into three 
phases .  T o refe r  th e obtaine d result s t o th e inferentia l  aspect s 
(se e Evans ,  1972 ;  Knauff ,  Rau h &  Schlieder ,  1995) ,  w e 
attempte d t o kee p constan t  pre-experimenta l  difference s wit h 
respec t  t o linguisti c and/o r  conceptua l  aspect s o f  Allen' s 
relation s b y applyin g a  definitio n phas e an d a  criterion-base d 
learnin g phas e befor e th e actua l  inferenc e phase . 

I n th e definitio n phase ,  subject s rea d description s o f  th e 
spatia l  relatio n o f  a  re d an d a  blu e interva l  usin g th e 1 3 qual -
itativ e interva l  relations .  Eac h verba l  descriptio n wa s pre -
sente d wit h a  shor t  commentar y abou t  th e locatio n o f  th e 
startpoin t  an d endpoin t  o f  th e re d an d th e blu e interva l  an d a 
pictoria l  example . 

The learnin g phas e consiste d o f  tria l  block s durin g whic h 
subject s wer e presente d wit h a  one-sentenc e descriptio n o f 
th e re d an d blu e intervals .  The y ha d t o the n determin e th e 
startpoint s an d endpoint s o f  a  re d an d a  blu e interva l  usin g 
mouse click s (analogou s t o " S C R E E N 4 "  i n Figur e 2) .  Afte r 
havin g confirme d 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  informatio n abou t  th e correc t  answe r  wa s 

given ,  i.e .  displayin g verba l  description s o f  th e orderin g o f 
startpoint s an d endpoint s o f  th e intervals .  Trial s wer e pre -
sente d i n block s o f  al l  1 3 relation s i n rando m 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 
as th e subjec t  reache d th e learnin g criterio n fo r  th e las t 
remainin g relation .  Subject s require d betwee n 1 5 an d 3 0 
minute s t o accomplis h th e learnin g phase . 

I n th e inferenc e phase ,  subject s ha d t o solv e 6 1 ( 5 +  56 ) 
spal\a. \  four-ter m serie s generatio n problems .  Premise s wer e 
presente d successivel y i n a  self-pace d manner ,  eac h o n a n 
extr a scree n a s show n i n Figur e 2 . 

On th e nex t  screen ,  subject s ha d t o specif y on e possibl e 
relatio n betwee n th e re d an d th e blu e intervals ,  o n th e fol -
lowin g scree n betwee n th e re d an d th e green ,  an d finally 
betwee n th e yello w an d th e blu e interval s b y applyin g mous e 
clicks .  Eac h time ,  the y specifie d th e startpoint s an d end -
point s o f  bot h interval s i n lightl y colore d rectangula r 
regions ,  a s the y ha d don e i n th e learnin g phas e (se e Figur e 2 
fo r  detail s o f  th e experimenta l  display) . 

Of  th e recorde d dependen t  measure s o f  premis e process -
in g times ,  erro r  rates ,  an d typ e o f  constructe d interva l  rela -
tions ,  w e wil l  repor t  onl y o n th e latter ,  excludin g practic e 
trial s fro m subsequen t  statistica l  analyses .  A  leve l  o f  signifi -
canc e o f  5 % wil l  b e adopte d i n cas e o f  reportin g o n inferen -
tia l  statistics . 

SCREEN I 

The re d interva l  lie s t o th e lef t  o f  th e yello w interval . 

SCREEN 2 

The yello w interva l  lie s right-justifie d i n th e gree n interval . 

SCREEN 3 

The gree n interva l  surround s th e blu e interval . 

SCREEN 4 
Which relationship can hold between the red and blue interval? 

: ^ 
SCREEN 5 

Which relationship can hold between the red and green interval? 

: ^ 
SCREEN ( .  _  ___ 

Which relationship can hold between the yellow and blue interval? 

Figur e 2 :  Successiv e verba l  presentatio n o f  referentiall y  con -
tinuous/oMr-rer m serie s problem s (scree n 1  t o 3) ,  an d thre e 

separat e screen s fo r  generatio n o f  solution s (scree n 4  t o 6) ,  a s 
displaye d t o th e subject s i n th e inferenc e phase . 
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R e s u l t s 

All 20 subjects successfully passed the learning phase. 
Therefore ,  al l  dat a collecte d i n th e inferenc e phas e coul d b e 
furthe r  analyzed .  Individua l  performanc e showe d consider -
abl e variation ,  rangin g fro m 2 3 . 2 % t o 9 2 . 9 % correc t  answe r 
triples .  A s outline d above ,  symmetr y analysi s i s onl y mean -
ingfu l  fo r  model-consisten t  answers .  F ro m th e overal l  num -
ber  o f  observation s o f  112 0 answe r  triples ,  64 8 ( = 57.9% ) 
wer e correct .  O f  thes e 64 8 correc t  answe r  triples ,  a  tota l  o f 
48 4 ( = 74.7% )  wer e model-consisten t  an d coul d b e analyze d 
wit h respec t  t o symmetries . 

Lookin g fo r  model-consisten t  pair s o f  four-ter m serie s 
problem s belongin g t o th e sam e orbit ,  ther e wer e 13 5 pair s 
lef t  fo r  analysi s o f  reorientatio n an d 13 0 pair s fo r  analysi s o f 
transposition .  5 2 o f  th e 13 5 ( = 38.5% )  reorientatio n pair s 
matche d th e reoriente d answe r  tripl e o f  th e other ,  wherea s 
onl y 1 4 o f  th e 13 0 ( = 10.8% )  transpositio n pair s matche d 
eac h othe r  (se e Tabl e 2  fo r  a n overview) . 

Table 2: Degree of symmetries in solving related four-term 
serie s problems . 

n absolute % 

Symmetr y 

Reorientatio n 

Transpositio n 

135 

130 

52 

14 

38. 5 

10. 8 

To tes t  th e hypothesi s tha t  th e numbe r  o f  reorientatio n asym -
metrie s i s les s tha n th e numbe r  o f  transpositio n asymmetries , 
a chi-squar e tes t  wa s conducted ,  base d o n th e H q tha t  ther e i s 
no difference .  Base d o n thi s Hq ,  a  chi-squar e valu e o f 
X î j  =  27.26 ,  p  <  .0000 5 wa s obtained .  Thus ,  th e H q ca n b e 
rejecte d an d th e hypothesi s adopte d tha t  ther e ar e mor e 
transpositio n asymmetrie s tha n reorientatio n asymmetries . 
Thi s als o justifie s th e conclusio n tha t  mode l  constructio n i s 
necessaril y  asymmetrica l  a t  leas t  i n som e particula r  case s o f 
u-ansposition . 

Discussion 

Concerning the conflicting evidence found in the data in 
Knauf f  e t  al .  (1995 )  compare d t o th e dat a i n K u B e t  al . 
(1996) ,  a  clea r  decisio n ca n n o w b e m a d e i n favo r  o f  th e 
hypothesi s tha t  ther e ar e mor e transpositio n asymmetrie s 
tha n reorientatio n asymmetries ,  an d tha t  ther e ar e massiv e 
orde r  effect s i n spatia l  relationa l  inference .  Thi s rule s ou t  al l 
explanation s tha t  necessaril y  deman d transpositio n s y m m e -
tr y o f  mode l  construction . 

Wit h respec t  t o th e symmetr y o f  reorientation ,  however , 
result s ar e les s decisive .  Sinc e th e percentag e o f  reorienta -
tio n asymmetrie s i s fa r  fro m zero ,  thi s would ,  a t  first  glance . 

creat e problem s fo r  al l  account s tha t  necessaril y  deman d 
reorientatio n symmetr y i n mode l  construction ,  lik e th e cog -
nitiv e modeling s o f  Schliede r  (1995 )  an d Berend t  (1996) . 
Referrin g t o th e competence-performanc e distinction ,  how -
ever ,  on e coul d argu e tha t  othe r  factors ,  extrinsi c t o mode l 
construction ,  le d t o th e considerabl e amoun t  o f  reorientatio n 
asymmetries ,  especiall y i n suc h demandin g reasonin g task s 
lik e indeterminat e four-ter m serie s problems . 

I n fact ,  evidenc e exist s whic h indicate s tha t  n o "perfect " 
reorientatio n symmetr y coul d b e foun d i n empirica l  data . 
Th e within-subjec t  concordanc e o f  constructe d relation s o f 
tw o subject s tha t  ha d previousl y participate d i n tw o version s 
of  th e sam e experimen t  wit h indeterminat e Allen-base d 
three-ter m serie s problem s wa s no t  perfect ,  an d reache d onl y 
8 3 . 0 % an d 58 .3 % respectively .  Sinc e thes e result s o n th e 
robustnes s o f  solution s t o indeterminat e three-ter m serie s 
problem s canno t  serv e a s a n adequat e estimat e o f  th e robust -
nes s o f  solution s t o th e fa r  mor e demandin g four-ter m serie s 
problems ,  w e re-teste d thos e subject s (n=7 )  wit h th e highes t 
number  o f  correc t  answe r  triple s som e week s late r  again . 
Th e outcom e shoul d giv e a n adequat e estimat e o n th e 
amount  o f  reorientatio n symmetrie s on e ca n expec t  i f  on e 
subjec t  solve s four-ter m serie s problem s an d thei r  symmetri -
cal  problems . 

Th e result s o f  th e re-tes t  compare d t o th e first  tes t  showe d 
an overal l  concordanc e o f  17.1% ,  i.e .  th e percentag e o f  iden -
tica l  answe r  triple s give n th e sam e four-ter m serie s prob -
lems' .  Restrictin g th e analysi s o n thos e 3  subjects ^  tha t 
showe d nearl y perfec t  model-consistenc y i n thei r  answe r  tri -
ple s (percentag e o f  model-consisten t  answe r  triple s withi n 
correc t  answe r  triples :  >  94 .0%) ,  th e concordanc e ros e t o 
28.6% . 

Thes e result s sho w tha t  th e outcom e o f  solvin g four-ter m 
serie s problem s an d specifyin g thre e answer s t o implici t 
relation s betwee n interval s a s i n ou r  experimen t  i s ver y brit -
tle ,  probabl y becaus e o f  puttin g a  heav y loa d o n workin g 
m e m o ry resources .  But ,  fa r  mor e importantly ,  th e numbe r  o f 
reorientatio n asymmetrie s ca n n o w b e explaine d solel y b y 
performanc e variation .  Base d o n th e outcom e o f  thes e 
robustnes s analyses ,  a  justifie d answe r  ca n no w b e give n t o 
th e questio n o f  whethe r  account s strictl y demandin g reorien -
tatio n symmetr y ar e tenabl e o r  hav e t o b e revise d i n orde r  t o 
accoun t  fo r  reorientatio n asymmetrie s a s well .  Sinc e th e per -
centag e o f  reorientatio n symmetrie s i s abou t  a s hig h (o r 
descriptivel y eve n higher )  a s th e test-retes t  robustnes s o f 
answe r  triple s o f  identica l  four-ter m serie s problems ,  thi s 
corroborate s th e assumptio n tha t  mode l  constructio n work s 
th e sam e fro m lef t  t o righ t  an d righ t  t o left . 

Interestingl y enough ,  nearl y al l  concordan t  answe r  triple s wer e 
als o model-consisten t  (89.6%) . 

^hos e wer e als o th e subject s tha t  ha d th e highes t  percentag e o f 
correc t  answe r  triples ,  i.e .  highe r  tha n 89.2% . 

642 



A c k n o w l e d g e m e n t s 

This research was supported by the German National 
Researc h Foundatio n (Deutsch e Forschungsgemeinschatt ; 
D FG projec t  MeMoSpac e unde r  contrac t  no .  St r  301/5- 1 t o 
Gerhar d Strube ,  Chrislop h Schlieder ,  and  Reinhol d Rauh) . 
We woul d lik e t o than k Kornd l  Mark 6 fo r  hi s extensiv e hel p 
i n implementin g th e computer-aide d experiment ,  Kari n Ban -
holze r  an d Thoma s Ku B fo r  runnin g th e experiment ,  an d Sta -
cey Boy d an d Nic k Ketle y fo r  thei r  helpfu l  comment s o n a n 
earlie r  draf t  o f  thi s paper . 

References 

Allen, J. F. (1983). Maintaining knowledge about temporal 
intervals .  Communication s o f  th e A C M,  26 ,  832-843 . 

Berendt ,  B .  (1996) .  Explainin g preferre d menta l  model s i n 
Alle n inference s wit h a  metrica l  mode l  o f  imagery .  Pro -
ceeding s o f  th e Eighteent h Annua l  Conferenc e o f  th e Cog -
nitiv e Scienc e Societ y (pp .  489-494) .  Mahwah ,  NJ : 
Lawrenc e Erlbau m Associates . 

Byrne ,  R .  M .  J. ,  &  Johnson-Laird ,  R  N .  (1989) .  Spatia l  rea -
soning .  Journa l  o f  Memor y an d Language ,  28 ,  564-575 . 

Ehrlich ,  K. ,  &  Johnson-Laird ,  R  N .  (1982) .  Spatia l  descrip -
tion s an d referentia l  continuity .  Journa l  o f  Verba l  Learnin g 
and Verba l  Behavior ,  21 ,  296-306 . 

Evans ,  J .  St .  B .  T .  (1972) .  O n th e proble m o f  interpretin g rea -
sonin g data ;  Logica l  and  psychologica l  approaches .  Cogni -
tion ,  1,313-3M . 

Evans ,  J .  St .  B .  T ,  Newstead ,  S .  E. ,  &  Byrne ,  R .  M .  J .  (1993) . 
Human reasoning .  Th e psycholog y o f  deduction .  Hov e 
(UK) :  Lawrenc e Erlbau m Associates . 

Freksa ,  C .  (1991) .  Qualitativ e spatia l  reasoning .  I n D .  M . 
Mark &  A .  U .  Fran k (Eds.) ,  Cognitiv e an d linguisti c 
aspect s o f  geographi c spac e (pp .  361-372) .  Dordrecht : 
Kluwe r  Academi c Publishers . 

Johnson-Laird ,  P .  N .  (1983) .  Menta l  models .  Toward s a  cog -
nitiv e scienc e o f  language ,  inference ,  an d consciousness . 
Cambridge ,  M A :  Harvar d Universit y Press . 

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

Knauff ,  M. ,  Rauh ,  R. ,  &  Schlieder ,  C .  (1995) .  Preferre d men -
ta l  model s i n qualitativ e spatia l  reasoning :  A  cognitiv e 
assessmen t  o f  Allen' s calculus .  Proceeding s o f  th e Seven -
teent h Annua l  Conferenc e o f  th e Cognitiv e Scienc e Societ y 
(pp .  200-205) .  Mahwah ,  NJ :  Lawrenc e Erlbau m Associ -
ates . 

KuB,  T ,  Rauh ,  R. ,  &  Strube ,  G .  (1996) .  Praferiert e mental e 
Modell e bei m raumlich-relationale n SchlieBen :  Fin e Rep -
likations -  un d Validierungsstudi e [Preferre d menta l  model s 
i n spatia l  relationa l  inference :  Experimenta l  replicatio n an d 
validation] .  I n R .  H .  Kluw e &  M .  M a y (Eds.) ,  Proceeding s 
der  2 .  Fachtagun g de r  Gesellschaf t  fU r  Kognitionswissen -
schaf t  (pp .  81-83) .  Hamburg :  Universita t  Hamburg . 

Ligozat ,  G .  (1990) .  Wea k representation s o f  interva l  algebras . 
Proceeding s o f  th e Eight h Nationa l  Conferenc e o n Artifi -
cia l  Intelligenc e (Vol .  2 ,  pp .  715-720) .  Menl o Park ,  C A : 
A A AI  Pres s /  M I T Press . 

Maki ,  R .  H .  (1981) .  Categorizatio n an d distanc e effect s wit h 
spatia l  linea r  orders .  Journa l  o f  Experimenta l  Psychology : 
H u m an Learnin g an d Memory ,  7 ,  15-32 . 

Mani ,  K. ,  &  Johnson-Laird ,  P  N .  (1982) .  Th e menta l  repre -
sentatio n o f  spatia l  descriptions .  Memor y &  Cognition ,  10 , 
181-187 . 

Potts ,  G .  R. ,  &  Scholz ,  K .  W .  (1975) .  Th e interna l  represen -
tatio n o f  a  three-ter m serie s problem .  Journa l  o f  Verba l 
Learnin g an d Verba l  Behavior ,  14 ,  439-452 . 

Rauh,  R. ,  Schlieder ,  C ,  &  Knauff ,  M .  (1997) .  Praferiert e 
mental e Modell e bei m raumlich-relationale n SchlieBen : 
Empiri c un d kognitiv e Modellierun g [Preferre d menta l 
model s i n spatia l  relationa l  inference :  Empirica l  evidenc e 
and cognitiv e modeling] .  Kognitionswissenschaft ,  6,21-34 . 

Schlieder ,  C .  (1995) .  Th e constructio n o f  preferre d mental 
model s i n reasonin g wit h th e interva l  relation s (Tech .  Rep . 
5/95) .  Freiburg :  Institu t  fii r  Informati k un d Gesellschaf t  de r 
Albert-Ludwigs-Universita t  Freibur g (appear s als o in :  C . 
Habel  &  al .  (Eds.) ,  Menta l  model s i n discours e comprehen -
sio n an d reasoning) . 

643 


	cogsci_1997_638-643

