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Abstrac t 

Two experiments on spatial relational inference investigated 
effect s know n fro m relationa l  an d syllogisti c reasoning .  (1 ) 
Continuit y effect ;  n-term-serie s problem s wit h continuou s (Wr j 
X,Xr2Y,Yr 3 Z )  an d semi-continuou s (Xr2Y, y  ̂  Z ,  W r /  X ) 
premis e orde r  ar e easie r  tha n task s wit h discontinuou s orde r 
(Yv iZy J r i  X ,  X  r j  Y) .  (2 )  Figura i  bias :  th e orde r  o f  term s i n 
th e premise s (XrY .  Y  rZo r  Y r X ,  Z r  Y )  effect s th e orde r  o f 
term s i n th e conclusio n ( X r Z o r Z r  X) .  I n th e first  experimen t 
subject s mad e mor e error s an d too k mor e tim e t o proces s th e 
premise s whe n i n discontinuou s order .  I n th e secon d experi -
ment  subject s showe d th e genera l  preferenc e fo r  th e ter m orde r 
Z r  X  i n th e generate d conclusions ,  modulate d b y a  "figura i 
bias" :  subject s use d X  r Z mor e ofte n i f  th e premis e ter m orde r 
was X r Y ,  Y  r  Z ,  wherea s Z  r  X  wa s use d mos t  ofte n fo r  th e 
premis e ter m orde r  Y  r  X ,  Z  r  Y.  Result s ar e discusse d i n th e 
framewor k o f  menta l  mode l  theor y wit h specia l  referenc e t o 
computationa l  model s o f  spatia l  relationa l  inference . 

I n t roduc t i o n a n d R e l a t e d W o r k 

The genera l  schem e o f  a n importan t  clas s o f  task s studie d 
i n th e psycholog y o f  reasonin g ar e th e s o calle d n-term -
serie s problems ,  i n whic h subject s hav e t o find  a  conclusio n 
on th e basi s o f  give n premises .  I n th e specia l  cas e o f  a  spatia l 
three-ter m serie s proble m (3ts-problem) ,  tw o spatia l  rela -
tiona l  term s X  r j  Y  an d K  r 2 Z  ar e give n a s premise s 
(Johnson-Laird ,  1972) .  Th e goa l  i s  t o find  a  conclusio n X  r j 
Z tha t  i s  consisten t  wit h th e premises .  I n a  four-ter m serie s 
proble m (4ts-problem) ,  thre e premise s W r j  X ,  X  r 2 Y  an d Y 
r j  Z  ar e given ,  an d thre e relation s no t  explicitl y  given , 
namel y W r^Y ,  X  r^ Z an d W r ^  Z ,  ca n b e inferre d (Rau h & 
Schlieder ,  1997) . 

Recent  theoretica l  account s o f  huma n reasonin g hav e bee n 
propose d b y Rip s (1994) ,  w h o view s reasonin g a s a  rule -
base d proo f  procedure ,  an d b y menta l  mode l  theor y 
(Johnson-Laird ,  1983 ;  Johnson-Lair d &  Byrne ,  1991) . 

Our  previou s wor k show s tha t  particula r  spatia l  relationa l 
inferenc e lend s itsel f  wel l  t o a n explanatio n base d o n th e 
constructio n o f  spatia l  menta l  model s (Knauff ,  Rauh ,  & 
Schlieder ,  1995 ;  Rauh ,  Schlieder ,  1997 ;  overvie w in :  Knauff , 
Rauh,  Schliede r  &  Suojbe ,  1998) . 

The c o m m o n denominato r  o f  menta l  mode l  account s fo r 
explainin g th e cognitiv e processe s underlyin g suc h infer -
ence s i s th e conceptio n o f  reasonin g a s a  proces s i n which ,  a t 
first,  unifie d menta l  representation s o f  th e give n premise s ar e 
generate d an d then ,  du e t o th e fac t  tha t  thi s informatio n ca n 

be ambiguous ,  alternativ e model s o f  th e premise s ar e 
sequentiall y  generate d an d inspected . 
I n th e constructio n phas e reasoner s us e thei r  knowledg e 
abou t  th e semantic s o f  spatia l  expression s t o construc t  a n 
interna l  mode l  o f  th e situatio n tha t  th e premise s describe . 
Thi s i s th e stag e o f  th e reasonin g proces s i n whic h th e pre -
mise s ar e integrate d int o a  unifie d menta l  model . 

I n th e inspectio n phase ,  a  parsimoniou s descriptio n o f  th e 
menta l  mode l  i s  constructed ,  includin g a  preliminar y conclu -
sion .  I n othe r  words ,  th e menta l  mode l  i s inspecte d t o find 
relation s whic h ar e no t  explicitl y  given . 

I n th e variatio n phase ,  peopl e tr y t o find  alternativ e m o d -
el s o f  th e premise s i n whic h th e conclusio n i s false .  I f  the y 
canno t  find  suc h a  model ,  th e conclusio n mus t  b e O^e . 

Evidenc e tha t  peopl e construc t  integrate d representation s 
of  th e give n premise s i n th e sens e o f  a  menta l  mode l  ha s 
bee n foun d throug h th e investigatio n o f  premis e order .  T h e 
reporte d resul t  i s  ofte n calle d "continuit y effect "  o r  "orde r  o f 
premise s effect "  i n th e literatur e (Evans ,  Newstead ,  & 
Byrne ,  1993) . 

Importan t  hint s wit h respec t  t o th e inspectio n o f  menta l 
models ,  ca n b e collecte d i n th e investigatio n o f  ter m orde r  i n 
th e premises .  Th e reporte d resul t  i n th e are a o f  syllogisti c 
reasonin g i s  ofte n calle d "figura i  effect "  o r  "figura i  bias " 
(Johnson-Lair d &  Bara ,  1984) . 

Continuity Effect 

Ehrlic h an d Johnson-Lair d (1982) ,  fo r  instance ,  gav e sub -
ject s relationa l  4ts-problem s an d th e thre e premise s W r j  X , 
X r 2 Y , Y rjT L wer e presente d i n continuou s ( W r j  X ,  X  r 2 Y ,  Y 
r j  Z ) ,  semi-continuou s ( X r j  Y ,  Y  r j  Z ,  W r j  X ) ,  an d discon -
tinuou s orde r  { Y r j  Z ,  W r j  X ,  X  r 2 Y) .  Subject s ha d t o infe r 
onl y th e conclusio n X  r ^  Z .  Th e dependen t  measure s wer e 
th e erro r  rate s an d premis e processin g time s fo r  eac h kin d o f 
premis e order . 

Th e result s o f  Ehrlic h an d Johnson-Lair d (1982 ;  Exp .  3 ) 
suppor t  th e predictio n o f  menta l  mode l  theor y tha t  continu -
ous orde r  ( 3 7 % errors )  shoul d b e easie r  tha n discontinuou s 
orde r  ( 6 0 % errors) ,  an d ther e i s n o significan t  differenc e 
betwee n continuou s an d semi-continuou s ( 3 9 % errors )  tasks . 

Menta l  mode l  theor y explain s thes e result s a s a n effec t  o f 
th e difficult y o f  integratin g th e informatio n fro m th e pre -
mises .  I n th e continuou s an d semi-continuou s orders ,  i t  i s 
possibl e t o integrat e th e informatio n o f  th e first  tw o premise s 
directl y a t  th e beginnin g int o on e model ,  wherea s whe n the y 
ar e presente d wit h th e discontinuou s orde r  subject s mus t 
wai t  fo r  th e thir d premis e i n orde r  t o integrat e th e informa -
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lio n i n th e premise s int o a  unifie d representation .  Befor e the y 
get  thi s informatio n the y hav e t o temporaril y  stor e th e infor -
matio n fro m th e firs t  an d secon d premis e separately ,  makin g 
th e tas k m u c h harder . 

Experimen t  1  belo w wa s conducte d t o investigat e th e 
effec t  o f  premis e orde r  i n spatia l  relationa l  inference . 

Figural Bias 

W h en investigatin g th e effec t  o f  premis e orde r  a n obviou s 
questio n i s whethe r  ther e i s a  simila r  effec t  fo r  th e orde r  o f 
object s (terms )  insid e th e premises .  Thi s ha s bee n don e 
extensivel y i n th e are a o f  syllogisti c reasonin g an d research -
er s hav e c o m e u p wit h a n extremel y reliabl e an d ver y robus t 
effec t  tha t  i s  calle d th e "figura l  effect "  o r  "figura l  bias " 
(Hunter ,  1957 ;  D e Soto .  Londo n &  Handel ,  1965 ;  Trabasso , 
Riley ,  &  Wilson ,  1975) .  W e explai n thi s effec t  accordin g t o 
an experimen t  o n relationa l  inferenc e b y Johnson-Lair d an d 
Bar a (1984) .  The y gav e subjec t  3ts-problem s o f  th e follow -
in g types : 

TVpe l : 
X i s relate d t o Y 
Y i s relate d t o Z 

Typ e 2 : 
Y i s relate d t o X 
Z i s relate d t o Y 

Th e resul t  was ,  tha t  i n problem s o f  Typ e 1  subject s ten d t o 
spontaneousl y generat e mor e conclusion s i n th e for m " X i s 
relate d t o Z "  tha n th e othe r  correc t  conclusio n " Z i s relate d 
t o X" ,  wherea s the y ten d t o generat e mor e conclusion s i n th e 
for m " Z i s relate d t o X "  fo r  problem s o f  Typ e 2 .  Accordin g 
t o th e rule-based ,  menta l  proo f  theory ,  th e surfac e feature s o f 
th e premise s determin e th e figural  effec t  (Rips ,  1994) .  H o w -
ever ,  Johnson-Lair d an d Bar a (1984 )  explaine d th e "figura l 
effect "  accordin g t o menta l  mode l  theory .  The y assume d tha t 
th e integratio n o f  th e premise s i n workin g memor y i s mor e 
difficul t  i n TVp e 2  problem s becaus e o f  th e nee d t o brin g th e 
Y ter m int o th e middle .  Accordin g t o thi s view ,  th e construc -
tio n o f  a  menta l  mode l  i s easie r  fo r  premise s tha t  hav e th e 
repeate d ter m a s first  ter m i n th e nex t  premise .  I n thi s case , 
th e informatio n o f  th e give n premise s ca n b e integrate d 
immediatel y an d n o cognitiv e resource s ar e neede d fo r  men -
ta l  operation s tha t  brin g th e middl e ter m int o th e middle . 

Experimen t  2  belo w wa s conducte d t o find  ou t  whethe r  a 
figural  effec t  ca n b e foun d fo r  th e spatia l  domai n a s well . 

Experiment I: Order of Premises Effect 

Th e computer-aide d experimen t  wa s separate d int o thre e 
blocks :  a  definition ,  a  learning ,  an d a n inferenc e phase .  Th e 
reason s fo r  th e procedur e ar e discusse d extensivel y i n 
Knauff ,  Rauh ,  an d Schliede r  (1995) .  Th e mai n ide a wa s t o 
distinguis h betwee n conceptua l  an d inferentia l  aspect s o f  th e 
use d spatia l  relation s an d t o refe r  th e obtaine d result s t o th e 
pur e inferenc e proces s holdin g constan t  th e conceptua l 
aspects . 

Subjects 

36 pai d student s (1 8 female ,  1 8 male )  o f  th e Universit y o f 
Freiburg ,  rangin g i n ag e fro m 2 1 t o 3 3 years . 

Materia l 

As i n ou r  previou s experiment s (fo r  example :  Knauff ,  Rauh , 
& Schlieder ,  1995 ;  Rau h &  Schlieder ,  1997 )  w e use d a  sys -
te m o f  relation s tha t  wa s introduce d b y Alle n (1983) . 
Althoug h Allen' s theor y wa s originall y develope d i n th e are a 
of  tempora l  reasonin g i t  ha s triggere d numerou s researc h 
enterprise s i n spatia l  reasonin g a s wel l  (Freksa ,  1991) .  Th e 
mai n reaso n fo r  preferrin g thi s se t  o f  relation s ove r  natura l 
languag e expression s lik e left-right ,  before-behind ,  east -
west ,  north-sout h (e.g .  Byrn e &  Johnson-Laird ,  1989 ;  Ehr -
lic h &  Johnson-Laird ,  1982 ;  Johnson-Lair d &  Byrne ,  1991 ; 
Maki ,  1981 ;  Man i  &  Johnson-Laird ,  1982 )  i s th e possibilit y 
t o formulat e a  model-theoreti c semantic s o f  th e relations , 
whic h allow s th e exac t  determinatio n o f  wha t  count s a s a 
model  an d wha t  no t  (e.g. ,  Nebe l  &  Burckert ,  1995) . 

Allen' s calculu s i s base d o n intervals ,  qualitativ e relation s 
betwee n thes e intervals ,  an d a n algebr a fo r  reasonin g abou t 
relation s betwee n thes e intervals .  Firstly ,  Alle n (19983 ) 
denote s thirtee n qualitativ e jointl y exhaustiv e an d pairwis e 
disjoin t  relation s describin g th e relativ e positio n o f  tw o 
interval s o n a  line :  befor e (< )  an d it s convers e afte r  (>) , 
meet s ( m )  an d m e t  b y (mi ) ,  overlap s (o )  an d overlappe d b y 
(oi) ,  finishes  (f )  2ta A finished  b y (fi) ,  dur in g (d )  an d contain s 
(di) ,  start s (s )  an d starte d b y (si) ,  a n d equa l  ( = )  tha t  ha s n o 
converse .  Figur e 1  give s pictoria l  e x a m p l e s o f  thes e rela -
tions* . 

Secondly ,  Al le n introduce d a  reasonin g algorith m base d 
o n thes e 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  compu te d 
tha t  th e followin g relation s b e t w e e n X  an d Z  ar e possible :  X 
overlap s Z o t  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  a n d K  r j  Z  a s it s pre -
mise s ca n b e denote d a s c  (r j  r2) .  Sinc e Allen' s theor y con -
tain s thirtee n relations ,  w e ge t  14 4 composit ion s c  (r j  ri) , 
omittin g th e trivia l  " e q u a C relation .  Thi s composit ion s ca n 
b e use d directl y a s 3ts-problem s an d i t  i s  als o possibl e t o 
construc t  4ts-problem s o n th e basi s o f  th e 1 3 relations . 

xnnlt y lomlipi y isMs y ifinithN f 

Figur e 1 :  Th e possibl e qualitativ e relation s tha t  ca n hol d 

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

Method and Procedure 

I n th e definitio n phase ,  subject s rea d description s o f  th e loca -
tion s o f  a  re d an d a  blu e interva l  usin g th e 1 3 qualitativ e rela -
tion s (i n German) .  Eac h verba l  descriptio n wa s presente d 
wit h a  shor t  commentar y abou t  th e locatio n o f  th e begin -
ning s an d ending s o f  th e tw o interval s an d a  pictur e wit h a 
re d an d blu e interva l  tha t  matche d th e description . 

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

'Fo r  empirica l  result s wit h respec t  t o th e concepnia l  adequac y o f 
th e interva l  relation s se e Knauf f  (1997) . 
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startpoint s an d endpoint s o f  a  re d an d a  blu e interva l  usin g 
mouse clicks .  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  informatio n abou t  th e 
correc t  answe r  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 rela -
tion .  Th e learnin g phas e stoppe d a s soo n a s th e las t  remain -
in g relatio n reache d th e learnin g criterion .  Subject s neede d 
15 t o 3 0 minute s t o accomplis h th e learnin g phase . 

I n th e inferenc e phas e object s ha d t o solv e 1 2 spatia l  4ts -
problem s i n th e activ e particula r  inferenc e paradigm^ ,  an d 
th e premise s W r j  X ,  X  r 2 Y ,  an d Y t j Z (abbreviate d i n th e 
followin g 3 i s " W - X , X - Y , Y -  Z" )  wer e presente d i n con -
tinuou s ( W -  X ,  X -  Y ,  Y -  Z ) ,  semi-continuou s { X -  Y ,  Y -  Z , 
W - X )  an d discontinuou s ( Y - Z , W - X , X - Y )  order .  The y 
wer e selecte d o n th e basi s o f  ou r  first  4ts-experimen t  (Rau h 
& Schlieder ,  1997) ,  tha t  th e numbe r  o f  correc t  answer s i n 
Rauh &  Schliede r  (1997 )  wer e relativel y hig h an d eac h o f 
th e 1 2 relation s wer e presente d i n th e fiirst  premis e exactl y 
once .  Accordin g t o th e separated-stage s paradig m (Pott s & 
Scholz ,  1975) ,  premise s wer e presente d successivel y i n a 
self-pace d manner ,  eac h o n a n extr a screen . 

Afterward s (i n contras t  t o Ehrlic h &  Johnson-Laird ,  1982 ) 
subject s ha d t o specif y al l  thre e implici t  relation s W - Y , X -
Z,  an d W -  Z ,  eac h o n a n extr a screen ,  b y choosin g th e start -
point s an d endpoint s o f  th e interval s i n lightl y colore d rect -
angula r  region s (a s the y ha d don e i n th e learnin g phase) .  T o 
avoi d th e effect s o f  presentatio n orde r  w e systematicall y var -
ie d th e colo r  o f  th e interval s an d th e orde r  o f  conclusion s 
aske d for .  Thi s mad e th e task s relativel y difficult ,  sinc e sub -
ject s no t  onl y ha d t o specif y th e relation s bu t  als o t o remem -
ber  th e combinatio n o f  color s i n eac h premise . 

The thre e instance s o f  eac h o f  th e 1 2 4ts-problem s 
(12x3=3 6 tasks )  wer e compile d i n differen t  blocks ,  an d ther e 
was als o on e practic e bloc k i n th e beginnin g consistin g o f  6 
othe r  simpl e 4ts-problems .  Th e sequenc e o f  experimenta l 
block s wa s counterbalance d acros s subject s accordin g t o a 
sequentiall y  counterbalance d Lati n square .  Th e experimen t 
too k approximatel y 1. 5 hours . 

Results 

Al l  3 6 subject s successfull y passe d th e learnin g phase ,  an d 
al l  dat a collecte d i n th e inferenc e phas e coul d b e furthe r  ana -
lyzed .  Individua l  performanc e showe d considerabl e varia -
tion ,  rangin g fro m 4 4 % t o 9 5 % correc t  answers . 

As show n i n Figur e 2 ,  di e result s corroborate d ou r  predictio n 
i n tw o ways :  (1 )  ther e wa s n o significan t  differenc e o f  error s 
betwee n continuou s (39.7% )  an d semi-continuou s (40.1% ) 
premis e orde r  [x^(i )  =  017 ,  p  >  .898] ,  bu t  (2 )  bot h wer e sig -
nificantl y easie r  tha n th e discontinuou s orde r  whic h lea d t o 
50.0 % error s o n averag e [X'̂ (\ )  =  9.643 ,  p  <  .001;x^(i )  = 
8.864 ,  p  <  .002.] . 

U. 

Figur e 2 :  Erro r  rate s fo r  continuous ,  semi'Continuou s 
an d discontinuou s premis e orde r  i n th e 4ts-problenis . 

Another important finding is reported in Table 1: the data on 
premis e processin g time s suppor t  th e assumptio n o f  menta l 
model  theor y tha t  a  discontinuou s premis e orde r  wil l 
increas e th e processin g tim e fo r  th e thir d premise ,  becaus e 
informatio n fro m al l  premise s mus t  b e integrate d a t  thi s 
point .  Reliabl e difference s ca n b e foun d i n th e processin g 
time s o f  th e thir d premis e betwee n continuou s an d semi-con -
tinuou s orde r  [F(l,35 )  =  37.61 ,  p  <  .001] ,  semi-continuou s 
and discontinuou s orde r  [F(l,35 )  =  40.44 ,  p  <  .001] ,  an d 
continuou s an d discontinuou s orde r  [F(l,35 )  =  74.87 ,  p  < 
.001] .  Fo r  th e secon d premis e th e difference s betwee n con -
tinuou s an d discontinuou s orde r  [F(l,35 )  =  17.63 ,  p  <  .001] , 
and semi-continuou s an d discontinuou s [F(l,35 )  =  22.89 ,  p  < 
.001 ]  ar e significant .  Al l  othe r  differences ,  i n particula r  i n 
th e first  premise ,  an d th e differenc e betwee n continuou s an d 
semi-continuou s orde r  i n th e secon d premise ,  ar e no t  reli -
able . 

Table 1: Premise processing times for the first, second 
an d thir d premis e i n th e task s wit h continuous ,  semi > 

continuou s an d discontinuou s premis e order . 

premis e orde r 

continuou s 

semi-cont . 

discont . 

Premis e processin g tim e i n sec . 

premis e I  1  premis e 2  1  premis e 3 

13. 0 

13. 6 

12. 4 

11. 2 

11. 0 

13. 9 

10. 9 

14. 4 

19. 5 

I n th e activ e particula r  inferenc e paradig m subject s ha d t o find 
onl y som e conclusion s whic h ar e compatibl e wit h th e give n pre -
mise s (Knauf f  e t  al. ,  1995) . 

D iscuss io n 

Th e experimen t  wa s conducte d t o investigat e th e continuit y 
effec t  i n th e spatia l  domai n wit h th e ai d o f  th e interva l  rela -
tions .  Th e erro r  rate s a s wel l  a s th e premis e processin g time s 
showe d a  stron g continuit y effect .  Subject s mad e mor e error s 
i n task s wit h discontinuou s premis e orde r  tha n i n continuou s 
and semi-continuou s order ,  an d i t  too k mor e tim e t o proces s 
th e thir d premis e i n th e discontinuou s condition .  Thes e 
result s ca n b e see n a s clea r  evidenc e fo r  th e mos t  importan t 
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assumptio n o f  menta l  mode l  theory ,  namel y tha t  th e informa -
tio n o f  th e premise s i s  integrate d int o a  unifie d representa -
tion ,  th e menta l  model .  Th e resul t  ca n tha n b e explaine d a s 
an effec t  o f  th e difficult y o f  integratin g th e informatio n fro m 
th e premises .  Onl y i n th e continuou s an d semi-continuou s 
order ,  i s  i t  possibl e t o integrat e th e premise s immediately , 
wherea s i n th e discontinuou s orde r  th e informatio n fro m th e 
first  an d secon d premis e mus t  b e kep t  temporaril y  separate d 
i n workin g memor y (mayb e i n a  language-lik e propositiona l 
for m o r  a s separat e models )  unti l  th e thir d premis e i s given . 

Thi s interpretatio n i s supporte d b y th e premis e processin g 
time s a s well ,  whic h sho w tha t  i t  take s muc h mor e tim e t o 
proces s th e thir d premis e i n th e discontinuou s orde r  Again , 
thes e result s ar e compatibl e wit h th e assumptio n tha t  sub -
ject s buil d a n integrate d representatio n o f  th e give n premises . 
I n fact ,  th e processin g tim e fo r  th e thir d premis e i n th e dis -
continuou s premis e orde r  mus t  b e longer ,  becaus e a t  thi s 
poin t  i n th e mode l  constructio n process ,  subject s ge t  th e first 
chanc e t o integrat e th e first  tw o premises . 

Experiment II: Order of Terms Effect 

Subjects 

2 4 pai d student s (1 2 female ,  1 2 male )  o f  th e Universit y o f 
Freiburg ,  rangin g i n ag e fro m 2 0 t o 3 3 years . 

Method and Procedure 

Th e sam e interva l  relation s a s i n Experimen t  I  wer e use d an d 
th e computer-aide d experimen t  wa s agai n separate d int o th e 
thre e phases .  Th e definitio n phas e an d th e learnin g phas e 
wer e conducte d a s i n Experimen t  I .  I n th e inferenc e phase , 
subject s ha d t o solv e 12 8 Sts-problem s i n th e activ e particu -
la r  inferenc e paradig m (plu s 1 0 practic e trails) . 

Of  th e 14 4 possibl e 3ts-problems ,  w e selecte d 3 2 indeter -
minat e task s (i.e. ,  multipl e mode l  problems )  tha t  showe d th e 
highes t  degre e o f  preferenc e fro m ou r  preferre d menta l  mod -
el s experimen t  reporte d i n Knauff ,  Rau h &  Schliede r  (1995) . 
For  eac h tas k w e constructe d "twin "  tasks ,  whic h us e th e 
invers e relatio n bu t  describ e th e sam e spatia l  relatio n 
betwee n th e thre e intervals .  Fo r  example ,  th e spatia l  arrange -
ment  o f  " X lie s t o th e lef t  o f Y "  an d "Ylie s t o th e lef t  o fZ "  i s 
identica l  t o " Y lie s t o th e righ t  o f X "  an d " Z lie s t o th e righ t 
OfY" . 

As show n i n Tabl e 2 ,  base d o n th e locatio n o f  th e terms , 
we constructe d task s o f  fou r  differen t  types .  Th e complemen t 
line s i n th e tabl e denot e th e fac t  tha t  th e invers e relatio n wa s 
used .  Wit h respec t  t o th e terminolog y o f  researc h o n syllo -
gisti c reasonin g th e "types "  ca n als o b e calle d "figures" .  I n 
al l  fou r  type s Y  i s th e middl e term ,  whic h occur s i n bot h pre -
mise s o f  th e proble m bu t  o n differen t  locations .  Th e conclu -
sion s connec t  th e tw o en d term s X  an d Z ,  an d occu r  i n th e 
premise s o n differen t  location s a s well . 

Tabl e 2 :  3ts>problem s o f  experimen t  2  wer e constructe d 

i n fou r  differen t  types ,  b y changin g th e ter m order s an d 

usin g th e invers e interva l  relations . 

typ e 

1 

2 

3 

4 

premis e 1 

Xrj Y 

Y'r, X 

Xrj Y 

Y7, X 

premis e 2 

Yr2 Z 

Yr2 Z 

Z~r2 Y 

Z'r2 Y 

possibl e 

conclusion s 

Xrj Z 
or 

ZJj X 

I n eac h trial ,  afte r  readin g th e premises ,  subject s first  ha d t o 
decid e whic h interva l  t o us e t o begi n th e one-sentenc e 
descriptio n o f  th e conclusio n (i n German) .  Thi s wa s don e b y 
pressin g associate d key s o n th e keyboard ,  namel y < B > fo r 
"Th e blu e interva l  ..." ,  < R > fo r  "Th e re d interva l  ... "  an d 
< G> fo r  "Th e gree n interva l  ..." .  Afterward s a  ne w scree n 
was shown ,  wher e th e secon d par t  o f  th e sentenc e wa s dis -
playe d automatically .  Thi s wa s possibl e becaus e th e middl e 
ter m coul d no t  b e use d i n th e conclusion .  If ,  fo r  example ,  th e 
gree n interva l  wa s th e middl e ter m o f  th e task ,  an d th e sub -
jec t  ha d presse d th e ke y < R > initially ,  th e tw o phrase s "Th e 
re d interval.. .  "  an d ".. .  th e blu e interval "  ar e displayed . 
Betwee n these ,  a  lis t  o f  al l  1 3 interva l  relation s wa s dis -
playe d (i n randomize d order) ,  an d th e subjec t  coul d choos e 
one o f  the m wit h th e cursor . 

Results 

As i n ou r  previou s experiment ,  al l  2 4 subject s successfiill y 
passe d th e learnin g phase .  Individua l  performanc e i n thi s (eas -
ier )  experimen t  range d fi-om  4 3 % t o 9 8 % correc t  answers . 

Th e mos t  importan t  resul t  i s  concerne d wit h th e ter m 
order s chose n i n th e conclusions .  Rememberin g tha t  i n gen -
era l  i t  coul d b e predicte d fro m th e result s o f  Johnson-Lair d 
& Bar a (1984 )  tha t  subject s ten d t o choos e th e orde r  X r ^ Z 
(abbreviate d a s " X - Z " )  mor e ofte n tha n th e revers e orde r  Z 
r j  X  (" Z -  AT') .  Thi s assumptio n i s  no t  supporte d b y ou r 
results :  62 .8 % o f  al l  conclusion s give n b y th e subject s wer e 
i n th e orde r  Z - X . 

As show n i n Figur e 3 ,  thi s genera l  bia s i s modulate d b y 
ter m orde r  i n th e premises .  Fo r  th e conclusion ,  th e ter m 
orde r  A ^ - Z wa s chose n i o x X - Y , Y - Z (44.37o )  mor e ofte n 
tha n fo r  r -  A ,  y -  Z  (38.77o )  X - Y , Z - Y ( 3 9 . 6 % ) ,  an d y -
A•,  Z  -  y  (31.1%) .  Th e differenc e betwee n Y - X , Y - Z 2 a i d 
X - Y , Z - Y \ s no t  rehabl e [X (̂i )  =  0.134 ,  p  >  .71] ,  wherea s 
th e othe r  difference s ar e significan t  an d sho w a  clea r  figural 
bias :  Th e conclusio n X - Z wa s use d mor e ofte n fo r  th e 
premis e orde r  X  -  Y ,  Y  - Z  ihonfo r  Y  -  X ,  Y  -  Z  [X (̂i )  = 
4.959 ,  p  <  .0151 ,  a: -  Y , Z - Y [x2(1) = 3.465 ,  p  <  .035 ]  an d Y 
- X , Z - Y [ X (1 )  =  28.259 ,  p  <  .001] ,  an d fo r  th e premis e 
orde r  Y - X , Y - Z mor e ofte n tha n fo r  F -  ;i: ,  Z  -  K  [ X ( n * 
9.640 ,  p  <  .001] .  Th e differenc e betwee n A T -  F ,  Z  -  K  an d ̂  

- X , Z - Y i s als o reliabl e [X^(i) = 12.036 ,  p  <  .001] . 
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For m o f  conclusion :  X  r  Z 

% 

1 

396 

• 

1 

r 

1 
KfY.Yrt , .tfX r̂ l XrV.Zr V YfJCZr Y 

Figur e 3 :  T h e effec t  o f  ter m orde r  i n th e premise s o n th e 
for m o f  conclusions .  T h e figure  show s th e distributio n o f 
X r  Z  conclusion s [i n % ]  fo r  3 2 problem s i n eac h o f  th e 

fou r  types . 

As mentioned above, in an earlier experiment we have found 
preferre d menta l  model s fo r  problem s wit h multipl e solu -
tion s (Knauf f  &  al. ,  1995) .  W e n o w loo k a t  th e solution s o f 
our  3 2 indeterminat e problem s an d compar e th e conclusion s 
wit h thes e preferences .  T w o result s ar e important :  (1 )  th e 
preference s w e foun d i n th e experimen t  wer e independen t 
fro m th e orde r  o f  terms ;  onl y i n on e o f  th e 3 2 task s di d th e 
preference s diffe r  i n th e fou r  ter m orders .  (2 )  i n al l  case s w e 
foun d stron g preferences ,  th e majorit y o f  whic h (2 4 ou t  o f 
32 ,  o r  7 5 % )  wer e identica l  t o thos e foun d i n ou r  previou s 
investigatio n (Knauf f  &  al .  1995) . 

Disctission 

The experimen t  wa s aime d mor e a t  provin g th e existenc e o f 
figural  effect s well-know n from  othe r  domain s o f  reasoning . 
We foun d (i )  contrar y t o th e result s o f  Johnson-Lair d an d 
Bar a (1984 )  n o genera l  bia s toward s X - Z conclusions ,  an d 
(ii )  i n accordanc e wit h Johnson-Lair d an d Bar a a  figural 
effect ,  i.e .  th e figure  X - Y ,  Y - Z favore d .Y -  Z  conclusions , 
wherea s th e figure  Y - X , Z - Y favore d Z  -  A T conclusions . 

The first  contradictor y resul t  o f  th e Z  -  ̂  preferenc e coul d 
be attribute d eithe r  t o th e spatia l  domai n o r  t o th e propert y o f 
th e use d relatio n i n th e Johnson-Lair d an d Bar a study ;  the y 
use d th e relatio n "i s relate d to "  denotin g kinship ,  a  relatio n 
tha t  ha s th e propert y o f  symmetr y i n contras t  t o th e normall y 
use d materia l  i n relationa l  reasonin g studie s ("bette r  than" , 
"talle r  than" ,  ... )  an d als o i n contras t  t o ou r  qualitativ e rela -
tion s tha t  d o no t  hav e di e propert y o f  symmetry .  Th e effec t 
of  abstrac t  propertie s o f  relation s lik e synmietry ,  asymmetry , 
or  anti-symmetry ,  an d th e effec t  o f  th e domai n o f  relation s 
(spatia l  V .  non-spatial )  o n th e preferenc e o f  X  -  Z  conclu -
sion s ha s t o b e determine d i n ̂ tur e experiments .  However , 
th e overal l  effec t  o i a Z - X preferenc e ca n b e explaine d b y a 
cognitiv e proces s tha t  inspect s th e menta l  mode l  b y mean s o f 
a spatia l  focu s an d i s sensitiv e wit h respec t  t o th e outcom e o f 
th e mode l  construction .  Thi s explanatio n i s sketche d i n th e 
genera l  discussio n below . 

The nex t  resul t  wa s tha t  th e typ e o f  preferre d menta l  mode l 
seems t o b e independen t  o f  th e orde r  o f  term s i n th e pre -
mises ,  sinc e i n nearl y al l  o f  th e 3ts-problem s th e sam e rela -
tio n betwee n th e end-term s wa s chose n fo r  al l  fou r  figures 
per  task .  I n addition ,  th e stabilit y  o f  menta l  mode l  prefer -
ence s determine d i n th e stud y o f  Knauf f  e t  al .  (1995 )  wa s no t 
perfect ,  althoug h withi n th e rang e o f  variabilit y  foun d i n a 
replicatio n o f  th e latte r  experimen t  i n KuB ,  Rau h an d Strub e 
(1996) . 

General Discussion 

We reporte d tw o experiment s investigatin g th e "continuit y 
effect "  an d th e "figura l  effect "  i n spatia l  relationa l  inferenc e 
tasks .  Take n together ,  ou r  findings  suppor t  a n accoun t  o f  th e 
inferenc e proces s followin g menta l  mode l  theor y an d pos e 
some problem s fo r  a  syntacticall y oriented ,  rule-base d theo -
ries. 

I n th e first  experimen t  w e foun d evidenc e fo r  premis e inte -
gratio n an d showe d tha t  discontinuou s premis e orde r  i s 
m u ch harde r  tha n semi-continuou s an d continuou s order . 
The resul t  i s  eas y t o explai n o n th e basi s o f  th e difficult y o f 
integratin g th e informatio n o f  th e premises .  Thi s explanatio n 
i s clearl y supporte d b y th e premis e processin g times . 

On th e othie r  hand ,  th e result s o f  th e secon d experimen t 
leav e u s wit h som e ope n questions .  Th e mai n ide a o f  th e 
experimen t  wa s t o investigat e anothe r  facto r  possibl y effect -
in g spatia l  relationa l  inferenc e i n a  simila r  fashio n t o th e wa y 
tha t  premis e orde r  does .  Th e result s o f  thi s experimen t  wer e 
surprising ,  particularl y i n on e point .  Contrar y t o th e result s 
of  Johnson-Lair d an d Bar a (1984) ,  w e foun d n o genera l  bia s 
toward s X - Z conclusions .  I n fact ,  subject s ten d t o generat e 
conclusion s o f  th e for m Z  -  ^ .  A t  first  glance ,  thi s resul t 
seems t o b e counterintuitive ,  bu t  m a y hav e a  plausibl e expla -
nation :  Th e overal l  effec t  o f  a  Z  -  A T preferenc e ca n b e 
explaine d -  i n agreemen t  wit h th e assumption s o f  menta l 
model  theor y -  b y a  cognitiv e proces s tha t  inspect s th e men -
ta l  mode l  b y mean s o f  a  spatia l  focu s (e.g. ,  D e Voogh t  & 
Vandierendonck ,  i n press) .  Accordin g t o th e computationa l 
accoun t  give n fo r  th e constructio n o f  spatia l  menta l  model s 
by (Schlieder ,  1995) ,  afte r  constructin g th e menta l  mode l  th e 
focu s shoul d b e positione d o n th e las t  end-ter m o f  th e 3ts -
problem ,  namel y Z .  I f  thi s i s th e startin g poin t  o f  th e scan -
nin g process ,  i t  i s plausibl e tha t  th e first  ter m i n th e conclu -
sio n i s Z  an d no t  X ,  becaus e fo r  X - Z conclusion s th e focu s 
must  b e shifte d bac k t o th e ter m X  befor e th e scannin g pro -
ces s starts .  I n contrast ,  Z-Xconc lus ion s d o no t  nee d tim e 
consumin g re-focussing ,  whic h explain s w h y ou r  subject s 
preferre d thos e conclusion s i n ou r  secon d experiment .  Th e 
observe d preference s result s directl y fro m th e proces s o f 
model  constructio n a s detaile d i n Schliede r  (1995) .  Th e 
alternativ e computationa l  accoun t  presente d b y Berend t 
(1996) ,  however ,  leave s i t  a n ope n questio n h o w th e presen t 
result s ca n b e modeled . 

A n eve n mor e importan t  resul t  o f  th e secon d experimen t  i s 
tha t  th e ter m orde r  i n th e premise s doe s no t  effec t  th e mode l 
preference s o f  th e subjects .  I n 3 1 o f  th e 3 2 problem s th e 
same preferre d menta l  mode l  wa s chose n fo r  al l  fou r  type s o f 
ter m order . 

Take n together ,  bot h experiment s giv e u s importan t  hint s 
concernin g th e processe s o f  mode l  constructio n an d mode l 
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inspection .  Th e mode l  constructio n proces s seem s t o b e sen -
sitiv e t o th e orde r  o f  premise s an d widel y independen t  o f 
ter m order .  Th e importanc e o f  ter m orde r  emerge s a s so n a s 
th e mode l  i s  inspected ,  becaus e thi s proces s seem s t o b e sen -
sitiv e t o th e positio n o f  th e focus ,  resultin g fro m th e mode l 

constructio n process .  However ,  furthe r  wor k i s neede d t o 
integrat e mode l  inspectio n i n th e existin g computationa l 
account s o f  ho w spatia l  menta l  model s ar e constructed . 
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