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Abstrac t 

The semantic s o f  spatia l  relation s hav e bee n intensivel y studie d 
i n linguistics ,  psychology ,  an d cognitiv e neuroscience .  Angle , 
distance ,  an d shap e ar e widel y considere d t o b e th e ke y factor s 
when establishin g spatia l  relations .  I n thi s wor k a n empirica l 
stud y show s tha t  previou s theorie s overemphasiz e variatio n an d 
we clarif y th e interdependencie s betwee n angle ,  distance ,  an d 
shap e wit h respec t  t o th e acceptabilit y  o f  projectiv e relations . 
I t  turne d ou t  tha t  th e angula r  deviatio n play s th e ke y rol e fo r 
relation s o f  thi s class .  Th e degre e o f  deviatio n wa s dependen t 
upo n th e extensio n o f  th e referenc e objec t  perpendicula r  t o 
th e canonica l  directio n o f  th e relation .  Ther e wa s n o majo r 
effec t  du e t o th e distance .  However ,  distanc e interacte d wit h 
th e angula r  deviatio n i f  th e locate d objec t  wa s ver y clos e t o th e 
referenc e object .  Th e experimenta l  result s ca n no w b e use d a s 
a theoretica l  framewor k fo r  validatin g existin g computationa l 
model s o f  projectiv e relation s fo r  thei r  cognitiv e plausibility . 

Introduction 

M a ny researc h discipline s ar e concerne d wit h problem s re -
late d t o th e domai n o f  space .  O n e majo r  poin t  o f  interes t 
ar e spatia l  relationships .  I n th e las t  coupl e o f  decade s th e 
semantic s o f  spatia l  relation s hav e bee n intensivel y studie d i n 
m a ny area s o f  cognitiv e science .  Th e fundamental s ca n b e 
foun d i n linguisti c an d psycholinguisti c literatur e (e.g. ,  Clark , 
1973 ;  Herskovits ,  1986 ;  Lakoff ,  1987 ;  Mille r  &  Johnson -
Laird ,  1976;Talmy ,  1983 )  an d i n cognitiv e neuroscienc e (e.g. , 
Kosslyn ,  1980 ,  1994) . 

Establishin g a  spatia l  relatio n require s a  locate d objec t 
(LO) ,  on e o r  tw o referenc e object s (RO) ,  an d a  certai n fram e 
of  referenc e whic h determine s th e us e o f  th e relatio n depend -
in g o n th e prevailin g context :  intrinsic ,  extrinsic ,  o r  deicti c 
(cf.Garnham ,  1989;Levelt ,  1984 ;  Rock ,  1973;Retz-Schmidt , 
1988) .  I n a  deicti c o r  viewer-centere d frame ,  object s ar e 
represente d i n a  retinocentric ,  head-centric ,  o r  body-centri c 
coordinat e syste m base d o n th e viewer' s perspectiv e o f  th e 
worl d (Carlson-Radvansk y &  Irwin ,  1993) .  I n a n intrinsi c o r 
object-centere d frame ,  object s ar e code d wit h respec t  t o thei r 
intrinsi c axes .  I n a n extrinsi c o r  environment-centere d frame , 
object s ar e represente d wit h respec t  t o salien t  feature s o f  th e 
environment .  I n orde r  t o tal k abou t  space ,  horizonta l  an d 
vertica l  coordinat e axe s mus t  b e oriente d wit h respec t  t o on e 
of  thes e referenc e frame s s o tha t  linguisti c spatia l  term s suc h 
as right ^  o r  abov e ca n b e assigne d (Mille r  &  Johnson-Laird , 
1976) . 

'  I n th e followin g tex t  onl y th e Englis h expression s fo r  th e Germa n 
preposition s ar e used .  Sligh t  difference s betwee n th e Germa n an d 
th e Englis h ma y appea r 

Spatia l  relation s ar e mainl y divide d int o tw o classes :  topo -
logica l  (at ,  near ,  etc. )  an d projective ,  o r  directional ,  (i n fron t 
of ,  t o th e righ t  of ,  etc. )  relations .  Wher e i t  i s  necessar y t o 
localiz e object s mor e precisely ,  som e languages,suc h a s Ger -
man,  usuall y us e mor e tha n on e spatia l  relation .  Normally ,  n o 
mor e tha n tw o relation s ar e combined ,  e.g .  th e L O i s i n fron t 
of  an d t o th e righ t  o f  th e R O .  Th e us e o f  suc h combination s i s 
ver y c o m m o n i n German ,  becaus e the y involv e direc t  combi -
nation s o f  th e simpl e terms .  Fo r  instance ,  recht s vo r  mean s th e 
same a s t o th e righ t  an d i n fron t  o f  i n English .  Thus ,  t o ge t  a 
combine d localizatio n expressio n usin g tw o prepositions ,  on e 
has onl y t o combin e th e elementar y expression s appropriatel y 
(cf .  Gapp ,  1994b) . 

Followin g Landa u an d Jackendof f  (1993) ,  peopl e d o no t 
tak e int o consideratio n ever y detai l  o f  th e object s involve d 
when applyin g spatia l  relations .  The y propos e tha t  thes e kind s 
of  relation s depen d mainl y o n th e boundedness ,  surface ,  o r 
volumetri c natur e o f  a n object ,  an d o n it s axia l  structur e (se e 
als o Herskovits ,  1986 ;  Talmy ,  1983) .  Hence ,  th e proces s 
of  establishin g spatia l  relation s consider s onl y th e essentia l 
shap e propertie s o f  objects . 

Spatia l  relation s ar e fuzz y (cf .  Freeman ,  1975) ,  i.e .  th e re -
gio n wher e a  relatio n i s applicabl e canno t  b e define d b y shar p 
boundarie s (se e als o (Herskovits ,  1985 ,  1986)) .  Attempt s b y 
speaker s t o reduc e thi s vaguenes s ca n b e see n i n th e us e o f 
linguisti c hedge s lik e exactl y  i n fron t  o f  o r  jus t  behind ,  an d 
has therefor e t o b e accounte d fo r  whe n definin g a  spatia l  rela -
tion' s semantic s (cf .  Kochen ,  1974 ;  Kay ,  1979 ,  1983 ;  Lakoff , 
1972 ,  1987) . 

We restric t  ou r  investigation s i n thi s wor k t o h o w peo -
pl e evaluat e th e applicabilit y  o f  projectiv e relation s an d thei r 
compositions .  I n existin g theoretica l  an d practica l  approache s 
thre e essentia l  factor s wer e considere d i n establishin g projec -
tiv e relations :  th e angula r  deviatio n o f  th e locate d objec t  fro m 
th e canonica l  directio n implie d b y th e relation ,  th e distanc e 
betwee n th e locate d objec t  an d th e referenc e object ,  an d th e 
referenc e object' s shap e (cf .  G a p p (1994a )  fo r  mor e details) . 

Hypotheses 

We propos e tha t  th e cognitiv e syste m account s onl y fo r  th e 
angula r  deviatio n betwee n th e locate d objec t  an d th e relation' s 
direction ,  an d no t  fo r  th e distance ,  whe n establishin g projec -
tiv e relations .  Howeve r  th e proximit y o f  a  locate d objec t  t o 
a certai n referen t  play s a n importan t  rol e i n objec t  localiza -
tio n tasks ,  e.g. ,  answerin g a  questio n lik e "Wher e i s objec t 
A ? "  (cf .  Gapp ,  1994c) .  Thi s correspond s t o th e findings  o f 
Loga n an d Sadle r  (i n press) .  The y propos e tha t  peopl e de -
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cid e whethe r  a  relatio n applie s b y fitting  a  spatia l  templat e 
t o th e object s tha t  represent s region s o f  acceptabilit y  fo r  th e 
relatio n i n question .  Loga n an d Sadle r  defin e thre e mai n 
region s o f  acceptability :  on e reflectin g goo d examples ,  on e 
reflectin g less-than-good-but-nevertheless-acceptabl e exam -
ples ,  an d on e reflectin g unacceptabl e example s (Figur e la) . 

acceptabl e »  acceptabl e 

unacceptabl e 

(a ) (b ) 

Figur e 1 :  Spatia l  templat e layou t  fo r  abov e (a )  an d squar e 
gri d setu p (b) . 

Good an d acceptabl e region s ar e no t  distinct ,  the y blen d int o 
one anothe r  gradually .  Howeve r  Loga n an d Sadle r  d o no t 
specif y ho w thi s blendin g i s achieved .  Thi s m a y b e du e t o th e 
natur e o f  thei r  empirica l  data .  Subject s wer e presente d wit h a 
spatia l  relation ^  an d a  diagra m containin g a n O  (th e R O )  i n th e 
cente r  o f  a n invisibl e 7 x 7 grid ,  an d a n X  (th e L O )  i n on e o f  th e 
surroundin g position s (Figur e lb) .  Th e tas k wa s t o evaluat e 
th e "goodnes s o f  fit"  o f  th e relatio n t o th e objec t  configuratio n 
presented .  However ,  usin g thi s squar e gri d layou t  make s i t 
difficul t  t o investigat e angula r  dependency .  Alternativel y a 
radia l  ordere d tes t  setu p fo r  th e locate d objec t  woul d b e bette r 
at  measurin g th e propose d angula r  effect . 

We propos e furthermor e tha t  th e extensio n o f  th e R O i n 
eac h dimensio n influence s th e scal e o f  th e angula r  deviatio n 
and consequentl y a  relation' s degre e o f  applicabilit y  (DA) .  I n 
Figur e 2 ,  fo r  example ,  eve n thoug h objec t  L  i s i n th e sam e 
absolut e positio n compare d t o R  fo r  al l  configuration s (a,b,c) , 
th e applicabilit y  o f  th e relationshi p <righ t  L  R > increase s 
fro m (a )  t o (c) .  Thi s effec t  become s increasingl y relevant ,  th e 
mor e tha t  th e extension s o f  tw o R O s differ . 

B 
righ t 

I 
I I 

(a) (b) (c ) 

Figur e 2 :  R O ' s extensio n influence s th e applicabilit y o f  a 
projectiv e relation . 

E x p e r i m e n t s 

We restric t  ou r  accoun t  i n thi s pape r  t o th e subse t  o f  pro -
jectiv e relation s an d thei r  compositions .  Experiment s wer e 
conducte d t o clarif y th e followin g ope n questions : 

1. How does the angular deviation influence the applicability 
of  a  projectiv e relation ? 

2.  H o w i s th e distanc e betwee n th e locate d objec t  an d th e 
referenc e objec t  relate d t o a  relation' s applicability ? 

3.  H o w doe s th e referenc e object' s shap e influenc e th e appli -
cability ? 

4.  Ar e ther e distinction s betwee n th e applicabilit y  region s o f 
i n fron t  of/behind ,  right/left ,  an d above/below ? 

5.  H o w i s th e regio n o f  applicabilit y  fo r  a  compositio n o f 
tw o projectiv e relation s structured ? I s ther e a  weightin g 
toward s on e relation ? 

Two experiments were designed using different reference 
frames :  a  horizonta l  2 D fram e (bird's-ey e view )  an d a  vertica l 
2 D frame .  Subject s wer e presente d a  spatia l  relatio n (preposi -
tion )  an d tw o object s o n a  compute r  screen .  Th e tas k wa s the n 
t o evaluat e h o w wel l  th e prepositio n describe d th e relationshi p 
betwee n th e locate d objec t  an d th e referenc e object . 

Method 

Subjects .  Th e subject s wer e 2 0 graduat e an d undergraduat e 
student s fro m 1 0 differen t  academi c area s ( 7 female ,  1 3 male , 
aged fro m 2 0 t o 33 )  w h o wer e eac h pai d D M 13. -  fo r  a  1  h r 
session . 

Apparatu s an d stimuli .  Th e stimul i  wer e displaye d o n a 
Hewlet t  Packar d H P 9 8 7 5 4 A 19 "  colo r  monito r  controlle d b y 
a H P 9000/72 0 workstation . 

I n th e experimen t  wit h th e horizonta l  referenc e fram e w e 
use d th e relation s i n fron t  o f ,  beh ind ,  right ,  left ,  a n d thei r 
compositions ,  an d i n th e experimen t  wit h th e vertica l  fram e 
of  referenc e th e relation s abov e an d belo w wer e use d instea d 
of  i n fron t  o f  an d behind . 

A desig n wit h fou r  independen t  factor s — R O ,  relation , 
angle ,  an d distanc e — varie d withi n subject s wa s carrie d out . 
To investigat e th e shape' s influenc e five  differen t  referenc e 
object s wer e used :  Thre e square s (o f  1 0 x  10 ,  3 0 x  30 ,  an d 
5 0 X  5 0 pixels )  an d tw o rectangle s (o f  3 0 x  5 0 an d 5 0 x  3 0 
pixels) .  Th e L O s wer e represente d b y a  1 0 x  1 0 pixel s square . 
Th e colo r  o f  th e L O (red )  an d th e R O (green )  m a d e the m 
distinguishable .  Th e L O s occupie d fixed  position s arrange d 
radiall y aroun d th e R O (Figur e 3) .  A  scen e consiste d o f  a 
relation ,  a  locate d objec t  an d a  referenc e object .  Th e initia l 
scen e definition s wer e mad e i n th e first  quadran t  (Figur e 4 ) 
usin g th e relation s right ,  behin d (above) ,  an d righ t  an d behin d 
(righ t  an d above) .  Al l  o f  thes e relation s wer e vali d t o a  certai n 
degree .  T o avoi d sequenc e effect s  i n th e experiment ,  th e singl e 
scene s wer e randoml y mappe d t o on e o f  th e fou r  quadrants , 
i.e .  th e coordinate s o f  th e L O an d th e relatio n wer e constantl y 
transformed .  Bu t  relation s change d onl y i n thei r  dimension , 
i.e .  righ t  t o left ,  i n fron t  o f  t o behind ,  abov e t o below ,  an d 
vic e versa. '  T h e resul t  w a s a  gri d o f  6 4 differen t  tes t  position s 
fo r  th e L O ,  wit h fou r  differen t  angle s (0° ,  22 .5 " ,  4 5 ° ,  67 .5° ) 

^Th e relation s use d were :  above ,  below ,  lef t  of ,  righ t  of ,  over , 
under ,  nex t  to ,  a w a y from ,  nea r  to ,  an d fa r  from . 

^Thi s i s vali d becaus e o f  th e symmet r y o f  th e relation s i n on e 
dimension .  I n th e followin g tex t  onl y th e first  relatio n wil l  b e use d 
as a  simplification . 
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an d relativ e distance s (130 ,  240 ,  350 ,  an d 4 6 0 pixels )  i n eac h 
quadran t  (Figur e 3) .  T h e gri d layou t  w a s slightl y differen t 
fo r  eac h o f  th e five  R O s becaus e a n additiona l  offse t  t o th e 
distanc e ha d t o b e adde d fo r  th e large r  R O s s o a s t o kee p th e 
distanc e betwee n th e L O an d th e R O constant . 
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Figur e 3 :  Radia l  gri d layout . 

Figur e 4 :  Definitio n grid . 

Figur e 5 :  2 D experimenta l  layout . 

Results 

Angl e an d Distance .  M e a n D A s acros s al l  th e subject s wer e 
compute d fo r  eac h combinatio n o f  relation ,  angle ,  distanc e 
an d referenc e object .  Th e standar d erro r  o f  th e mea n wa s 
0.17 .  Th e mean s o f  th e D A s fo r  th e middl e size d squar e refer -
enc e objec t  acros s al l  angles/distance s ar e plotte d i n Figure s 6 
an d 7 .  T h e D A decrease d linearl y wit h th e angula r  deviatio n 
fo r  al l  teste d projectiv e relations .  Howeve r  th e distanc e ha d 
n o significan t  effec t  o n th e evaluation .  A  projectiv e relatio n 
was full y applicabl e (DApro j  =  1  0 ) ,  i f  ther e wa s n o angula r 
deviation .  T h e degre e o f  applicabilit y  go t  close r  t o 0. 0 a s th e 
angl e approache d 90° . 

T h e referenc e fram e w a s indicate d b y a  descriptio n o f  th e 
fou r  mai n direction s a t  th e border s o f  th e displa y (cf .  (1 )  i n 
Figur e 5) .  I t  w a s kep t  fixed  throughou t  th e whol e experiment . 
Dependin g upo n th e chose n quadran t  fo r  th e locate d object , 
th e referenc e objec t  wa s place d a t  fixed  position s i n th e corne r 
o f  th e diagonall y opposit e quadran t  (cf .  (2 )  i n Figur e 5) . 

Procedure. There were 244 experimental trials (204 horiz. 
an d 4 0 vert.) .  T h e experiment s starte d wit h th e horizonta l  an d 
ende d wit h th e vertica l  experiment .  T h e trial s wer e randoml y 
ordere d fo r  eac h subject .  T h e progra m pause d ever y 7 0 trial s 
t o allo w th e subject s a  brie f  rest .  Separat e instruction s fo r  eac h 
experimen t  wer e displaye d o n th e screen .  Subject s wer e tol d 
the y woul d se e tw o objects ,  a  re d objec t  an d a  gree n referenc e 
object .  Additionall y a  spatia l  prepositio n (o r  composition ) 
was give n (cf .  (3 )  i n Figur e 5) .  T h e tas k wa s t o evaluat e wit h 
a slidin g scal e (cf .  (4 )  i n Figur e 5) ,  h o w wel l  th e prepositio n 
describe s th e relationshi p betwee n th e tw o objects ,  takin g th e 
give n referenc e fram e int o account .  T h e vertica l  slidin g scal e 
was use d t o indicat e n o applicabilit y  a t  it s lowe r  en d an d ful l 
applicabilit y  a t  th e uppe r  end .  T h e scal e wa s se t  t o 0  a t  th e 
beginnin g o f  eac h trial .  Thre e line s indicate d th e 0.25,0. 5 an d 
0.7 5 positions .  Ther e wa s als o a n additiona l  digita l  displa y 
wit h th e degree s o f  applicabilit y  rangin g fro m 0.0 0 t o 1.0 0 (cf . 
(5 )  i n Figur e 5) .  I n th e introductio n t o eac h experimen t  al l 
spatia l  configuration s wer e displaye d i n a  quic k ru n throug h 
and ,  i n addition ,  th e subject s wer e give n te n tes t  trial s t o 
familiariz e themselve s wit h th e environment . 

righ t  (horiz ) 
right (vert) 
behind 

obove 

=5 0,8 0 • 
^  07 0 • 

0.6 0 • 

0.5 0 

0.4 0 

22. 5 4 5 
Anguia r  Deviatio n 

1.0 0 
0.90 

2 070 
a 
< 0.6 0 
I 0.50 
2*0.4 0 
0.30 
0.20 

Figur e 6 :  M e a n D A s (angles) . 

—•— righ t  — o — righ t  —• — behin d —' 
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•  17̂ ^  . = 
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--  0 

130 24 0 35 0 
Distanc e (pixels ) 

Figure 7: Mean DAs (distances). 
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These conclusion s wer e supporte d i n a  2  (relations :  right , 
behind )  x  4  (angles )  x  4  (distances )  multivariat e analysi s 
of  varianc e (MANOVA) ,  wit h repeate d measurement s o f  th e 
mean DAs .  Th e predominan t  effec t  o f  th e angl e wa s highl y 
significant ,  F(3,608 )  =  521.82 ,  p  <  0.001 ,  M S ^  =  13.83 , 
i n th e horizonta l  experiment ,  a s wel l  a s i n th e vertica l  experi -
ment ,  F(3,608 )  =  487.15 ,  p  <  0.001 ,  M 5 e =  14.27 . 

Ther e wa s n o significan t  dependenc e o n th e distanc e i n ei -
the r  experimen t  ( F <  1) .  However ,  ther e wa s a  significan t 
interactio n betwee n angl e an d distance ,  F{9,608 )  =  1.97 , 
p <  0.04 ,  M S e =  0.5 ,  cause d b y a n unexpecte d phe -
nomenon.  I f  th e angula r  deviatio n wa s belo w 45 °  subject s 
rate d th e applicabilit y  o f  a  projectiv e relatio n slightl y highe r 
i f  th e locate d objec t  wa s ver y clos e t o th e referenc e object , 
tha n i f  th e locate d objec t  wa s furthe r  away .  Th e close r  th e lo -
cate d objec t  wa s positione d t o th e referenc e objec t  th e greate r 
th e reductio n i n applicability .  Th e revers e effec t  wa s notice d 
abov e 45 °  (cf .  Figur e 8) .  Th e mea n DA s o f  th e angula r 
deviatio n 22.5 °  an d 67.5 °  fo r  th e relation s righ t  an d behin d 
acros s th e thre e squar e referenc e object s ar e plotte d i n Fig -
ur e 9 .  Usin g onl y thes e tw o angle s i n th e M A N O VA yielde d 
a highl y significan t  interaction ,  F(3,608 )  =  9.5 ,  p  <  0.001 , 
MSe =  0.33 ,  betwee n angl e an d distance . 

• 0,75 

/ 

•  0,7 6 • 

referenc e objects '  extensions ,  a  differenc e i n th e rating s con -
sistentl y appeared ,  dependin g upo n th e extension s o f  th e ref -
erenc e objects .  A s show n i n Figur e 2 ,  th e extensio n o f  th e 
referenc e objec t  perpendicula r  t o th e projectiv e relation' s  di -
rection ,  significantl y influence d th e degre e o f  applicability . 
The dependenc y fro m th e referenc e objec t  wa s confirme d b y 
a M A N O VA usin g th e thre e differentl y shape d referenc e ob -
jects .  Th e resul t  wa s a  highl y significan t  interactio n betwee n 
relatio n an d referenc e object ,  F(l,912 )  =  13.48, p <  0.001 , 

M Se =  0.45 . 

o.e o T 
squar e 

R 0,« 0 

67. 5 
Angula r  Deviatio n 

Figure 10: Extension effect: right. 

behin d 

0,7 6 

0,7 8 
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Figur e 8 :  M e a n s a t  22.5 °  an d 67.5° . 
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Figure 9: Slight distance effect. 

Extension of the reference object. The mean DAs of right 
a n d b e h i n d acros s subject s a n d th e thre e differentl y s h a p e d 
referenc e object s ( m i d d l e size d square ,  vertica l  a n d ho r i zon -
ta l  al igne d rectangles )  ar e plotte d i n F igu re s 1 0 a n d 1 1 .  A l -
t h o u g h ther e w a s on l y a  ver y sligh t  differenc e b e t w e e n th e 

squar e 
rect  (vert.) 
rect. (hort.) 

R 0,6 5 • 

0,4 5 -

0,3 5 • -

67, 5 
Angula r  Deviatio n 

Figure 11: Extension effect: behind. 

R e g i o n s o f  applicability .  T h e r e w e r e sligh t  di f ference s b e -
twee n th e angula r  dependenc e o f  th e thre e m a i n direction s i n 
fron t  of/behind ,  right/left ,  an d above/below .  A s plotte d i n 
Figur e 6 ,  th e i n fron t  of/behin d directio n w a s rate d highest , 
followe d b y th e above/belo w direction . 

Compositions. Mean DAs of the angular deviation of right 
a n d behin d an d righ t  a n d a b o v e ( R O :  midd l e square )  acros s 
subject s w e r e c o m p u t e d an d plotte d i n Figur e 12 .  Ther e w a s 
a slightl y lowe r  weightin g fo r  righ t  i n bot h composit ions . 
H o w e v e r ,  th e differenc e be twee n righ t  an d a b o v e (0.5 )  w a s 
les s tha n th e differenc e be twee n righ t  an d behin d (0.9) .  The r e 
w as als o a  smal l  distanc e effec t  (angle :  ± 2 2 . 5 ° )  wit h th e s a m e 
characteristic s measu re d fo r  elementar y projectiv e relation s a t 
a n angula r  deviatio n o f  67.5 °  (cf .  Figur e 13) . 
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Figure 12: Angular effect. 
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Figur e 13 :  Sligh t  distanc e effec t  a t  ± 2 2 . 5 °  (composi t ions) . 

Discussion 

Th e dat a fro m th e experiment s showe d clearl y th e character -
istic s o f  th e evaluatio n proces s fo r  projectiv e relations .  Th e 
applicabilit y  o f  a  relatio n wa s strongl y affecte d b y th e angula r 
deviation .  Ther e wa s n o significan t  dependenc e o n th e dis -
tance .  Thi s correlate s t o th e findings  o f  Loga n an d Sadle r  (i n 
press) .  However ,  w e ar e n o w abl e t o giv e a  reliabl e descriptio n 
of  h o w peopl e evaluat e th e acceptabilit y  o f  a  projectiv e rela -
tion .  Thi s wa s possibl e throug h a n experimenta l  desig n whic h 
allowe d th e independen t  examinatio n o f  angl e an d distance . 

I n th e evaluatio n o f  composit e projectiv e relation s th e 
right/lef t  axi s wa s rate d lowe r  tha n th e othe r  two .  Thi s corre -
spond s t o th e phenomeno n tha t  th e subject s rate d th e i n fron t 
of/behin d an d th e above/belo w axe s highe r  tha n th e right/lef t 
axis .  Thi s slightl y highe r  ratin g migh t  b e du e t o th e fac t  tha t 
th e i n fron t  of/behin d an d th e above/belo w axe s ar e easie r  t o 
perceiv e (cf .  Bryant ,  Tversky ,  &  Franklin ,  1992) . 

Th e dependenc e o f  th e D A upo n th e extensio n o f  th e ref -
erenc e objec t  wa s obviou s eve n thoug h th e rectangula r  ref -
erenc e object s wer e onl y two-third s longer/highe r  tha n th e 
relate d squar e referenc e object .  Th e large r  th e extensio n o f 
th e referenc e objec t  perpendicula r  t o th e canonica l  directio n 
of  th e relation ,  th e large r  th e relation' s regio n o f  applicabilit y 
i n thi s perpendicula r  direction .  Thi s validate s ou r  propose d 
hypothesi s i n Figur e 2 c tha t  th e locate d objec t  L  i s consid -
ere d t o b e mor e t o th e righ t  o f  th e referenc e objec t  R  tha n i n 
Figure s 2 a an d 2b .  A n exac t  predictio n o f  h o w th e referenc e 
object' s extensio n scale s th e angula r  deviation ,  e.g .  linea r 
or  logarithmic ,  require s furthe r  investigatio n wit h additional , 
differentl y shape d referenc e objects . 

Th e sligh t  distanc e effec t  fo r  position s o f  th e locate d ob -
jec t  ver y clos e t o th e referenc e objec t  a t  angle s belo w 45 °  als o 
seems t o b e dependen t  upo n th e extensio n o f  th e referenc e ob -

ject :  th e large r  th e referenc e objec t  th e greate r  th e effect .  Th e 
effec t  shoul d therefor e disappea r  i f  on e presume s a  point-lik e 
referenc e object .  Thi s give s ris e t o th e followin g explanatio n 
of  th e effect :  th e angle s use d fo r  th e definitio n o f  th e radia l 
gri d setu p wer e measure d fro m th e referenc e object' s cente r 
of  gravity ,  despit e th e referenc e object' s extensio n (cf .  Fig -
ur e 14) .  N o w conside r  Figur e 15 .  I f  on e use s th e neares t 
poin t  o f  th e referenc e objec t  fro m th e locate d objec t  (th e cor -
ner  c  i n th e example )  fo r  measurin g th e angle ,  the n th e angle s 
diffe r  i n th e sam e wa y a s th e degree s o f  applicabilit y  di d i n 
th e experiments .  Tha t  is ,  a '  <  a "  <  a' "  <  a" "  <  a  an d 
|a'-o" |  >  \a "  - a " 
versa . 

| ,  i f  a  <  45 °  an d vic e 

dx R O 
REL 

Figur e 14 :  Angle s measure d fro m th e RO' s cente r  o f  gravity . 

BEL 

Figur e 15 :  Angle s measure d fro m th e neares t  corne r  o f  th e 
referenc e object . 

This leads to the conclusion that in a computational model 
a certai n offse t  ha s t o b e subtracte d fro m th e coordinate s o f 
th e locate d objec t  befor e th e angula r  deviatio n i s considered . 
Th e offse t  agai n depend s o n th e extensio n o f  th e referenc e 
objec t  an d additionall y o n th e fram e o f  referenc e becaus e i n 
deicti c us e th e extensio n o f  th e referenc e objec t  perpendicu -
la r  t o th e relation' s directio n i s no t  necessaril y  equa l  t o th e 
perpendicula r  extensio n i n intrinsi c us e (cf .  Gapp ,  1994a) .  I n 
th e exampl e th e offse t  i s exactl y hal f  o f  th e referenc e object' s 

extensio n i n eac h dimensio n (^ ,  ^ ) . 

Conclusion and Future Work 

Increasingl y sophisticate d computationa l  model s o f  spatia l 
relation s hav e bee n develope d i n th e las t  coupl e o f  decades . 
However ,  non e o f  thes e hav e bee n empiricall y validate d t o 
prov e thei r  correctness .  W e therefor e designe d empirica l 
studie s t o clarif y th e interdependencie s o f  angle ,  distanc e an d 
shap e whe n establishin g projectiv e spatia l  relations . 

Th e experimenta l  findings  m a d e clea r  tha t  th e angula r  de -
viatio n i s th e crucia l  poin t  whe n establishin g projectiv e re -
lationships .  Th e scal e o f  th e angl e become s influence d b y 
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th e extensio n o f  th e referenc e objec t  i n eac h dimension .  A t 
angle s betwee n (0°,45° )  an d (45° ,  90°) ,  an d i n particula r  a t 
22.5 °  an d 67.5° ,  th e extensio n o f  th e referenc e objec t  als o 
cause d a  sligh t  distanc e effec t  i f  an d onl y i f  th e locate d objec t 
was ver y clos e t o th e referenc e objec t  an d th e correspondin g 
angl e wa s measure d fro m th e referenc e object' s cente r  Ther e 
exist s a  sligh t  tendenc y t o rat e th e i n fron t  of/behin d an d th e 
above/belo w region s highe r  tha n th e right/lef t  region .  Thi s 
effec t  i s  als o reflecte d i n th e evaluatio n o f  composit e projec -
tiv e relations .  Wit h th e hel p o f  thes e result s i t  i s  no w possibl e 
t o tes t  existin g computationa l  model s fo r  thei r  cognitiv e plau -
sibility . 

I n futur e wor k w e inten d t o tr y t o validat e th e compu -
tationa l  mode l  w e presente d i n Gap p (1994a) .  Thi s mode l 
account s fo r  al l  th e crucia l  hypothese s verifie d i n thi s work . 
Firs t  result s wer e ver y promisin g fo r  a  positiv e validatio n o f 
th e model s cognitiv e plausibility .  Furthermore ,  w e wil l  als o 
investigat e th e distanc e an d shap e interdependencie s fo r  th e 
clas s o f  topologica l  relation s an d exten d ou r  mode l  t o cop e 
wit h mor e comple x environments ,  introducin g contextua l  de -
pendencie s an d intervenin g objects . 
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