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C o n s i s t e n c y a n d V a r i a t i o n i n S p a t i a l  R e f e r e n c e ' 

Saraii A. Douglas 
Davi d G .  Novic k 

Ckjmpute r  an d Informatio n Scienc e Departmen t 
Universit y  o f  Orego n 

Russell S. Tomlin 
Linguistic s Departmen t 

Universit y  o f  Orego n 

Abstract 

Modelin g th e meanin g an d us e o f  linguisti c expression s describin g spatia l  relationship s holdin g 
betwee n a  targe t  objec t  an d a  landmar k objec t  require s a n understandin g o f  bot h th e consistenc y 
and variatio n i n huma n performanc e i n thi s area .  Previou s researc h [Herskovit s 1985 ]  attempt s t o 
accoun t  fo r  som e o f  thi s variatio n i n term s o f  th e angula r  deviatio n holdin g amon g object s i n th e 
visua l  display .  Thi s approac h i s show n t o fai l  t o accoun t  fo r  th e ful l  rang e o f  huma n variatio n i n 
performance ,  an d a  specifi c  alternativ e algorith m i s offere d whic h i s  grounde d i n tas k variabilit y 
and th e notion s o f  corrido r  an d centroid .  Th e significanc e t o thi s algorith m o f  tas k variation ,  o f  th e 
separatio n o f  semanti c fro m pragmati c issues ,  an d o f  th e rol e o f  functio n an d structur e i s discussed . 

Keywords :  spatia l  relations ,  natura l  language ,  reference . 

1 Introduction 

There is a growing body of literature in cognitive science which deals with the cognition of spatial 

relations .  T h e ai m o f  thi s researc h i s t o discove r  th e principle s whic h underU e th e appropriat e us e 

and comprehensio n o f  expression s concernin g spatia l  relationship s a m o n g objects .  However ,  curren t 

approache s t o th e proble m o f  th e languag e o f  spatia l  relation s typicall y fac e difficultie s i n explainin g 

why ther e see m t o b e s o m a n y differen t  spatia l  relation s wit h simila r  descriptions .  W h y d o mino r 

variation s i n physica l  relationship s see m t o giv e ris e t o majo r  difference s i n languag e use d t o describ e 

them ,  w h e n i n othe r  case s majo r  physica l  variation s resul t  i n consisten t  linguisti c descriptions ? T h e 

answer  t o thi s questio n come s fro m th e recognitio n tha t  curren t  theorie s o f  spatia l  relation s ten d t o 

oversimplif y th e rang e o f  h u m a n linguisti c performanc e tha t  mus t  b e accounte d for ,  an d ten d t o conflat e 

semanti c concern s wit h pragmati c ones .  I n thi s paper ,  w e sho w tha t  accountin g fo r  thes e fswitor s ca n 

explai n on e o f  th e problem s explicitl y  recognize d a s unaccountabl e i n earlie r  work .  W e demonstrat e 

tha t  a  mor e comple x theoretica l  treatmen t  o f  th e grammai r  o f  spatia l  relation s permit s a  goo d accoun t 

of  case s problemati c fo r  Herskovit s [1985] ,  an d provide s a  practica l  algorith m fo r  us e i n computationa l 

systems . 

Herskovit s [1985 ]  looke d a t  spatia l  relation s i n term s o f  "idea l  relations"-wha t  sh e migh t  hav e calle d 

prototypes ,  excep t  fo r  th e baggag e o f  controvers y ove r  meanin g whic h follow s prototypes .  Herskovit s 

buil t  o n th e wor k of ,  a m o n g others ,  Talm y [1983] ,  w h o observe d tha t  i n th e enormou s se t  o f  spatia J 

relation s a m o n g objects ,  onl y a  relativel y smal l  numbe r  wer e lexicalized .  Herskovit s sough t  t o explai n 
lexica l  choic e i n locativ e descriptions .  Thi s pape r  expand s o n on e aspec t  o f  he r  work-th e abilit y o f 

speaker s an d hearer s t o produc e an d accep t  ap t  locativ e description s wher e th e relatio n betwee n th e 

referent s deviate s fro m th e "prototype. "  Herskovit s describe d thi s variatio n i n angula r  terms : 

•Thi « researc h i s supporte d b y FIPS E gran t  #84.1160 . 
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X 
-- " 

Figur e 1 :  I s A  directl y t o th e righ t  o f  X ? 

There is a certain tolerance for deviation from truth of the ideal meaning, (or from the 

trut h o f  th e transforme d idea l  meanin g whe n suc h a  transformatio n ha s take n place.) .  I  a m 

concerne d her e wit h graulua l  deviation s measurabl e i n term s o f  a n angl e a t  a  distance .  Fo r 

example ,  I  wan t  t o ask :  h o w fa r  apao' t  ca n tw o object s b e s o tha t  on e ca n sa y on e i s a t  th e 

other ? .. .  O r  conside r  [Figur e 1] .  H o w clos e t o th e righ t  axi s mus t  a n objec t  A  be ,  for : 

A i s directl y t o th e righ t  o f  X . 

t o b e true ? [Herskovits ,  1985 :  366 ] 

Herskovits identifies indeterminacy arising from the nature of the objects and accuracy of perception, 

bu t  argue s tha t  allowabl e variatio n (whic h sh e call s  "tolerance") ,  depend s chiefl y o n relevanc e o f  th e 

relatio n t o th e discourse .  I n assessin g th e potentia l  effect s o f  thes e factors ,  sh e relie s o n angula r  deviatio n 

as th e measur e o f  variation .  Sh e the n add s 

But often, the tolerance reflects an accumulation of practices, of interactions with the 

objects ,  makin g predictio n impossible .  I n ou r  constan t  intercours e wit h th e object s i n ou r 

world ,  w e hav e integrate d int o ou r  knowledg e strategie s tha t  allo w u s t o coun t  o r  discoun t 

some fac t  accordin g t o context ;  wha t  thos e strategie s a^ e i s stil l  ver y muc h a  mystery .  Yet , 

toleranc e i s on e directio n i n whic h th e searc h fo r  systematicit y coul d proceed .  [Herskovits , 

1985 :  367 ] 

We believe that the mystery of acceptance of deviation from prototypical relations can be explained. 

T h e solutio n i s i n tw o parts .  First ,  w e sho w tha t  angula r  difference s ar e no t  th e mos t  usefu l  measur e o f 

deviation .  Second ,  w e develo p a  plausibl e algorith m fo r  descriptio n o f  spatia l  relation s whic h inherentl y 

account s fo r  consistenc y an d variation . 

2 Acceptable Sources of Variation 

Given the need to establish the basic semantics of spatial relations for right of, left of, above, below, and 

between ,  fo r  th e purpos e o f  buildin g a n ICA I  tuto r  fo r  beginnin g secon d languag e instruction ,  w e looke d 

originall y a t  th e linguistic s an d artiflcia l  intelUgenc e literatur e o n spatia l  relations ,  bu t  wer e unabl e t o 

fin d description s fo r  thes e relation s whic h wer e adequat e fo r  th e explanatio n o f  eve n th e mos t  simpl e 

case s o f  semanti c distinction .  Accordingly ,  w e bega n a  systemati c inquir y int o th e range s ain d boundarie s 

of  acceptabl e variatio n i n spatia l  relation s fro m whic h w e coul d infe r  a n algorithmi c description . 

Beginnin g wit h th e simples t  cases ,  w e not e tha t  th e exampl e pose d b y Herskovit s quickl y lead s t o 

difficulties .  I n Figure s 2  (a )  an d (b) ,  circle s A  an d B  hav e a  c o m m o n angula r  deviatio n a  fro m th e 

horizonta l  axis ,  ye t  A  seem s describabl e a s "directl y t o th e righ t  o f  th e squar e X ,  whil e B  clearl y i s  no t 

prototypicall y "directl y t o th e righ t  o f  X . 

T h e proble m show n i n Figur e 2  i s no t  simpl y attributabl e t o increasin g distance .  First ,  increasin g 

distanc e shoul d no t  b e a  facto r  i n th e angula r  deviatio n model ,  particularl y a t  th e relativel y smal l  chang e 

i n distanc e i n Figur e 2 .  Second ,  a  simila r  proble m occur s i n th e cas e o f  decreasin g distance .  I n Figur e 3 , 

w hy doe s rectangl e C  see m t o b e belo w squar e X  whil e rectangl e D  i s no t  prototypicall y belo w X ? I n bot h 

case s th e singula r  deviatio n i s identical ,  ye t  th e prototypica l  spatia l  relatio n hold s onl y fo r  rectangl e C . 
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(a )  A  i s directl y t o th e righ t  o f  X ,  althoug h (b )  B  i s no t  directl y t o th e righ t  o f  X , 

offse t  b y a .  althoug h agai n offse t  b y a . 

Figure 2: With constant angular deviation, change in distance affects judgments about 

directiona l  spatia l  relations . 

(a )  C  i s belo w X . (b )  D  i s no t  belo w X . 

Figur e 3 :  W i t h constan t  angula r  deviation ,  chang e i n distanc e affect s judgment s abou t 

directiona l  spatia l  relations ,  ye t  th e effec t  o f  th e chang e i n distanc e o n th e judgmen t  i s 
opposit e tha t  i n Figur e 2 . 

V 

(a )  E  i s lef t  o f  Y . (b )  F  i s no t  lef t  o f  Y . 

Figur e 4 :  Despit e constan t  angula r  deviation ,  qualitativ e natur e o f  th e spatia l  relation s 

change s markedly . 

o 

Figur e 5 :  Centroid s o f  variou s shapes . 
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Corrido r  axi s 

for"abov e Corrido r  fo r  "above " 

Horizonta l 

orthogona l 

tangen t  t o X 

Corrido r  intersectio n 

Centroi d o f  landmar k 

Figur e 6 :  Boundarie s an d region s define d b y a  landmar k shape . 

Another problem situation for angular deviation is shown in Figure 4. In Figure 4 (a), the circle E 

i s cleul y directl y t o th e lef t  o f  th e objec t  Y .  Ye t  i n Figur e 4  (b) ,  wit h th e sam e nul l  angula r  deviatio n 

fro m th e x-aocis ,  circl e F  canno t  reasonabl y b e considere d directl y t o th e lef t  o f  Y .  On e migh t  sa y tha t 

circl e E  i s insii t  objec t  Y ,  bu t  tha t  i s  no t  a  resul t  predicte d b y constan t  angula r  deviation . 

3 F u n d a m e n t a l  L o c i 

To overcome these problems, we propose an algorithm which uses the following concepts: 

1. Using terminology similar that of Langacker [1986], a spatial relation exists between a target and 

a landmark .  Th e targe t  i s th e objec t  whos e locatio n a n utteranc e seek s t o declare .  Th e landmar k 

i s a  differen t  objec t  whic h i s use d t o locat e th e target .  Thu s i n th e sentenc e 'Th e circl e i s directl y 

t o th e lef t  o f  th e square, "  th e circl e i s th e targe t  an d th e squar e i s th e landmark . 

2. The centroid of Jin object is the center of its area. That is, the centroid is like a flat object's "center 

of  gravity, "  excep t  tha t  th e objec t  i s  assume d t o hav e unifor m densit y [Rosenfeld ,  1976] .  Thu s th e 

centroi d o f  a  circl e i s it s  center ,  th e centroi d o f  a  synrunetrica l  dogbon e woul d b e i n th e cente r  o f 

it s  shank ,  an d th e centroi d o f  a n asymmetrica l  shap e i s proportionatel y offset .  Se e Figur e 5 . 

3. The corridors of a landmark are the horizontal and vertical "shadows" of the landmark defined by 

it s orthogona J tangents .  A s show n i n Figur e 6 ,  th e corridor s o f  th e landmark  objec t  X  ar e indicate d 

i n gray .  Th e corrido r  intersectio n i s th e rectangula r  regio n bounde d b y th e landmark' s orthogona l 

tangents .  Th e centroi d aoci s o f  a  corrido r  i s a  lin e extendin g fro m th e landmark' s centroi d i n a 

directio n paralle l  t o th e corridor . 

With these concepts, we now propose an algorithm for deciding which term in the set Itft of, right 

of ,  above ,  an d belo w bes t  fit s  a  give n spatia l  relatio n (i f  a t  all) . 

I F th e targe t  doe s no t  overla p th e Ijuidmark' s corrido r  intersectio n 

THEN I F 
OR 

(1 )  th e centroi d o f  th e targe t  i s  i n a  corridor , 

(2 )  exactl y on e o f  th e landmark' s corrido r 

contain s an y poin t  o f  th e target , 

(3 )  th e vecto r  fro m th e centroi d o f  th e landmar k 

t o th e centroi d o f  th e targe t 

i s close r  t o th e centroi d axi s o f  a  corrido r 

tha n t o th e centroi d axi s o f  an y othe r  corridor , 

th e relatio n betwee n th e targe t  an d th e landmar k 

correspond s t o th e directio n o f  th e corridor , 

E L SE n o particula r  spatia l  relatio n fro m thi s se t  i s  appairent . 

OR 

THEN 

The spatia l  relation s algorith m i s illustrate d i n Figur e 7 .  Squar e A  show s cas e (1) ;  i t  i s  clearl y t o 

lef t  o f  th e landmark .  Squar e B  show s cas e (2) ;  i t  i s  belo w th e landmark .  Squar e C  show s cas e (3) ;  i t 

i s  mor e above  tha n righ t  o f  th e landmar k becaus e th e vecto r  fro m th e centroi d o f  th e landmar k t o th e 

centroi d o f  th e targe t  i s close r  t o th e abov e centroi d axi s tha n t o th e right  o/centroi d axis . 
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Vecto r  fro m 
landmar k Z 

S~ t o targe t  C 

Figur e 7 :  Case s o f  th e spatia l  relation s algorithm . 

© T - - © -

(a )  Th e centroi d o f  A  i s i n th e righ t  o f  (b )  Th e centroi d o f  A  i s no t  i n th e righ t 

corrido r  o f  X .  o/corrido r  o f  X . 

Figure 8: Cases (1) and (3) of the spatial relations algorithm distinguished. 

(a )  Onl y on e corrido r  o f  X  contain s an y (b )  Mor e tha n on e corrido r  o f  X  contain s 

point s o f  C .  point s o f  D . 

Figur e 9 :  Case s (2 )  an d (3)  o f  th e spatia l  relation s algorith m distinguished . 

(a )  Th e centroi d o f  E  i s i n th e lef t  o f  cor -  (b )  Th e centroi d o f  F  i s i n th e corrido r 

rido r  o f  Y .  intersectio n o f  Y . 

Figure 10: Applicability of the non-overlapping cases of the spatial relations algorithm. 
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Figures 8 through 10 show the algorithm applied to the examples of Figures 2 through 4. In Fig-

ur e 8  (a) ,  th e centroi d o f  targe t  circl e A  i s i n th e right  o/corrido r  o f  landmar k squar e X ,  s o cas e (1 ) 

apphes .  I n Figur e 8  (b) ,  th e centroi d o f  targe t  circl e B  i s no t  i n an y corrido r  o f  Izuidmar k squar e X ; 

at  best ,  cas e (3 )  applies .  I n Figur e 9  (a) ,  exactl y on e corrido r  o f  landmar k squar e X  contain s point s o f 

tairge t  rectangl e C ;  thi s i s thu s cas e (2) .  Figur e 9  (b )  display s th e correspondin g cas e (3 )  situation .  I n 

Figur e 1 0 (a )  targe t  circl e E  i s clearl y t o th e lef t  o f  landmark  objec t  Y ;  E' s centroi d i s i n Y' s lef t  o f 

corridor .  I n Figur e 9  (b) ,  however ,  circl e F  i s i n Y' s corrido r  intersection ,  s o non e o f  case s (1) ,  (2) ,  o r 

(3 )  applies . 

Thi s approac h jJlow s fo r  variatio n fro m th e prototypica l  loci ,  ye t  avoid s th e anomalou s result s o f 

angula r  deviatio n a s th e standard .  Fo r  example ,  a s lon g a s th e centroi d o f  th e targe t  i s i n a  corrido r 

of  th e landmark ,  th e target' s locatio n ca n var y freel y an d ye t  th e perceive d spatia l  relationshi p wil l 

continu e t o hold .  A n importan t  aspec t  o f  thi s approac h i s tha t  i t  i s  no t  reducibl e t o boolea n evaluatio n 

of  simpl e relationa d predicates .  Rather ,  th e approac h seek s th e bes t  choic e fro m th e se t  o f  possibl e 

linguisticall y determine d spatia l  relation s base d o n th e physicall y determine d spatia l  relation s i n thei r 

semanti c context . 

4 Discussion 

4.1 Theoretical Premises 

Four theoretical or methodological premises have shaped both the criticisms and the alternatives we 
offe r  above . 

4.1.1 Task Variation 

First, the range of humem performance in dealing with the language of spatial relations is broader than 

typicall y addressed .  I n particular ,  i t  i s  importan t  t o recogniz e tha t  ther e ar e a t  leas t  fou r  differen t 

kind s o f  task s involvin g spatia l  relation s whic h subject s routinel y perform .  These  task s ar e illustrate d 

i n sentence s (1 )  -  (4) .  On e ca n as k subject s t o verif y th e trut h o f  som e sentence ,  a s i n (1) .  On e ca n 

ask subject s t o choos e th e mos t  appropriat e expressio n describin g som e stat e o f  affair s fro m a  se t  o f 

alternative ,  semanticall y "correct "  expressions ,  a s i n (2) .  On e ca n as k subject s t o describe ,  eithe r  simpl y 

or  i n grea t  detail ,  th e relatio n holdin g betwee n som e targe t  objec t  an d a  landmark ,  a s i n (3) .  And , 

one ca n as k subject s t o manipulat e som e par t  o f  th e worl d i n respons e t o a n utteranc e usin g a  spatia l 

relatio n expression ,  a s i n (4) . 

(1) The circle is above the square. 

(2) Is the circle above or to the right of the square? 

(3) Where is the circle located? 

(4) Put the circle above the square. 

Analysis of (i) seven protocols of two language teachers spontaneously teaching these spatial relations 

wit h geometri c tile s an d (ii )  fiv e protocol s o f  subject s describin g a  videotap e o f  movin g circle s an d square s 

disclose s n o tas k outsid e thi s set . 
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Previous work typically focused almost exclusively (and implicitly) on the first kind of task, relying 

principall y o n introspectiv e consideratio n o f  th e grammaticalit y o r  felicit y o f  sentence s lik e (1) .  Bu t 

whil e a  subjec t  wil l  agre e t o th e trut h o f  (1 )  whe n show n Figur e 8  (b) ,  n o subjec t  eve r  place s a  circl e 

i n tha t  locatio n i n respons e t o th e commamd i n (4) .  A  complet e accounting ,  then ,  o f  th e gramma r  o f 

spatia l  relation s require s tha t  w e accoun t  fo r  thi s wide r  rang e o f  huma n behavior . 

4.1.2 Lexical Alternatives 

Second, the problem one faces in modeling spatial relations is not one simply of specifying a precise 

meanin g o r  rule s o f  us e fo r  individua l  lexica l  expression s i n isolatio n fro m eac h other .  Rather ,  withi n a 

give n semanti c domain ,  suc h a s space ,  th e speake r  make s choice s amon g acceptabl e linguisti c expressions , 

identifyin g th e mos t  appropriat e expressio n fo r  th e give n context .  So ,  fo r  example ,  Figur e 8  (b )  ca n b e 

describe d eithe r  b y (6 )  o r  b y (7) , 

(6) The circle is to the right of the square. 

(7) The circle is above the square. 

for each correctly describes the state of affairs represented by Figure 8 (b), and subjects asked to verify 

th e trut h o f  eithe r  sentenc e alon e wil l  accep t  eac h a s true .  Bu t  o f  th e two ,  (7 )  i s recognizabl e a s mor e 

appropriate .  Th e us e o f  linguisti c expressions ,  then ,  i s  no t  wholl y determine d b y th e meanin g o f  a  give n 

expressio n alon e bu t  i n concer t  wit h semanticall y associate d item s i n th e sam e domain . 

4.1.3 Semantics or Pragmatics 

Third, previous approaches to spatial relations tend to conflate semantic facts concerning the intrinsic 

meanin g o f  expression s wit h pragmati c issue s concernin g thei r  use .  I n th e approac h take n here ,  th e 

semantic s o f  a n expressio n represent s th e ful l  rang e o f  case s fo r  whic h th e expressio n i s true .  Th e 

inheren t  semanti c meanin g o f  a  lexica l  expressio n fo r  a  spatia l  relatio n Uk e lef t  o r  abov e i s represente d 

by th e regio n whos e boundarie s ai e define d b y th e case s fo r  whic h th e expressio n i s tru e versu s thos e fo r 

whic h th e expressio n i s false .  Methodologically ,  i t  i s  th e verificatio n tas k tha t  permit s on e t o discove r 

exactl y wha t  tha t  regio n is .  Thi s approac h motivate s th e basi c notion s use d i n th e algorithm . 

The pragmatic s o f  hnguisti c expression s represent s th e principle s governin g th e choic e amon g alter -

nativ e tru e expressions .  I n ou r  approach ,  on e select s th e best-fittin g expressio n arisin g fro m th e domain . 

I n pragmatics ,  th e othe r  thre e kind s o f  linguisti c tas k describe d abov e ax e als o important .  Choic e task s 

hel p determin e th e boundarie s o f  alternative s i n conflict .  Manipulatio n task s hel p determin e optima l 

choices .  Descriptio n task s hel p determin e th e variable s relevan t  t o pragmati c principle s o f  use . 

Overall ,  w e hav e foun d tha t  a  stric t  separatio n o f  semanti c an d pragmati c issue s allow s on e t o accoun t 

fo r  th e wid e rang e o f  case s represente d b y th e fou r  tas k types .  Further ,  ther e appear s t o b e n o nee d t o 

formulat e prototyp e meaning s fo r  an y expression ,  fo r  th e prototyp e effect s fal l  ou t  fro m thi s treatment . 

4.2 Task Variation and the Proposed Algorithm 

If variation in the use and comprehension of linguistic expression of spatial relations depends in part 

on task ,  the n tas k serve s a s on e predicto r  fo r  acceptanc e o f  deviatio n fro m amy prototypica l  locus .  Th e 

algorith m presente d abov e addresse s som e o f  th e variabilit y  i n us e o f  expression s du e t o tas k variation . 

For  manipulatio n tasks ,  th e locu s o f  acceptabl e point s fo r  a  spatia l  relatio n correspond s t o a  specia l 

case o f  cas e (1 )  i n th e algorithm .  Thi s reflect s th e case ,  fo r  example ,  i n whic h on e tell s th e subjec t  "Pu t 

th e circl e t o th e lef t  o f  square. "  W e expec t  tha t  th e subjec t  wil l  typicall y pu t  th e targe t  relativ e t o th e 

landmar k s o tha t  th e centroi d o f  th e targe t  i s  o n th e centroi d axi s o f  th e landmark' s lef t  corridor ,  an d s o 

tha t  th e targe t  i s  nea r  th e landmar k withou t  overlapping .  Th e meanin g o f  nea r  i s th e subjec t  o f  relate d 

wor k [c f  Denofsky ,  1976] . 
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Figur e 11 :  Spatia l  relation s ca n b e non-commutative . 

For  th e descriptio n an d choic e tasks ,  a  subjec t  spontaneousl y use s th e bes t  ter m t o describ e a  spati2 d 

relatio n betwee n a  tairge t  an d landmark .  Thi s tas k correspond s t o cas e (1 )  o f  th e algorithm .  I f  th e 

centroi d o f  th e targe t  i s anywher e i n th e lef t  corrido r  o f  th e landmark ,  the n w e expec t  a  subjec t  t o 

describ e th e relatio n betwee n th e object s a s "Th e circl e i s t o th e lef t  o f  th e square. "  (Thi s assume s tha t 

th e object s don' t  overlap. )  Anywher e else ,  th e subjec t  choose s th e closes t  vector . 

For  th e verificatio n task ,  th e subjec t  choose s a  trut h valu e fo r  a  statemen t  abou t  th e spatia l  relatio n 

betwee n objects .  Thi s tas k correspond s t o case s (2 )  an d (3 )  o f  th e algorithm .  Subject s wil l  find  cas e (2 ) 

clear ,  an d wil l  find  cas e (3 )  les s clea r  a s th e vecto r  fro m th e landmar k t o th e targe t  become s equidistan t 

fro m tw o neighborin g centroi d axe s o f  th e landmark .  I n Figur e 7 ,  wit h respec t  t o th e landmsir k objec t 

Z,  squar e A  i s i n a  cas e (1 )  relation ,  squar e B  i s i n a  cas e (2 )  relation ,  an d squar e C  i s i n a  cas e (3 ) 

relation .  Not e tha t  th e locatio n o f  squar e A  correspond s t o a  prototypicall y correc t  respons e t o th e 

command "Pu t  th e squar e t o th e lef t  o f  Z. "  Likewise ,  th e location s o f  square s B  an d C  wil l  typicall y 

elici t  a n affirmativ e respons e t o th e th e questio n "I s th e squar e abov e (o r  below )  Z? " 

Not e tha t  thes e task s requir e a n expUci t  identificatio n o f  targe t  an d Izmdmark .  I f  thes e role s ar e 

reverse d fo r  a  give n display ,  th e perceive d spatia l  relatio n betwee n object s ma y no t  b e maintained .  Thi s 

lac k o f  commutativit y i s  reflecte d i n th e algorithm .  Fo r  example ,  i n Figur e 11 ,  a  subjec t  woul d probabl y 

describ e circl e A  a s bein g t o th e lef t  o f  circl e B ,  bu t  woul d no t  describ e circl e B  a s bein g t o th e righ t  o f 

A. 

4.3 Function and Structure 

The spatial relation algorithm presented above, on its terms, does not apply to many possible cases, 

especiall y  where  th e targe t  lie s wholl y o r  i n par t  i n th e landmark' s corrido r  intersection .  Evidenc e w e 

hav e collecte d suggest s tha t  man y o f  thes e case s ca n b e resolve d b y referenc e t o worl d knowledg e o f 

functio n an d structure .  B y function ,  w e mea n use s o f  objects ,  suc h a s containment .  B y structure ,  w e 

mean th e constituen t  part s o f  a n objec t  whic h mak e u p it s shape  (an d th e relatio n o f  thes e part s t o eac h 

other ,  o f  course) . 

Jus t  a s th e tas k i n whic h object s ar e involve d influence s th e natur e o f  thei r  perceive d spatia l  relations , 

so to o ma y th e functio n o f  object s affec t  spatia l  relations .  I n Figur e 4  (b) ,  th e targe t  circl e woul d b e 

bes t  describe d a s i n th e landmar k object .  However ,  simpl e geometri c definition s o f  i n an d ou t  ar e 

not  adequat e fo r  domain s whic h purpor t  t o mode l  real-worl d semantics .  While  th e landmar k objec t 

i n Figur e 4  (b )  ha s n o apparen t  semantic s asid e fro m it s polygona l  structur e (an d perhap s th e qualit y 

of  bein g a  reverse d lette r  "C " ) ,  w e believ e tha t  th e real-worl d semantic s o f  object s suc h a s thos e i n 

Figur e 1 2 woul d overwhel m th e naiv e geometrica l  approach .  A t  thi s point ,  then ,  w e represen t  th e 

functio n o f  object s b y explici t  referenc e t o thei r  functions .  Fo r  example ,  a  thin g i s o r  i s  no t  a  container . 
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Figur e 12 :  Th e domeii n semantic s o f  shape s affec t  thei r  spatia l  relations .  Thu s identica l 
shape s (i n outline )  i n th e sam e physica l  relatio n i n two-dimensiona l  representatio n wil l  cre -
at e differen t  apparen t  linguisti c relation s dependin g o n th e domai n informatio n imparte d 
by thei r  interna l  representations . 
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(a )  Circl e C  i s lef t  0/shap e Z . 
(b )  Circl e D  i s no t  lef t  0/shap e Z ,  bu t 
rathe r  "abov e th e shan k jus t  t o th e righ t 
of  th e lef t  kno b o f  Z. " 

Figur e 13 :  Loca l  spatia l  relation s use d wher e th e targe t  overlap s th e corrido r  intersectio n 
of  th e landmark . 

X 
•nr : 

Figur e 14 :  Spatia l  relatio n d i samb igua te d b y c o m b i n i n g s h a p e s i n a n impl ie d globa l  struc -

ture .  Th e arro w indicate s fo r  th e shap e t o whic h th e experimente r  pointed ;  tu e arro w wa s 
not  presen t  i n th e figur e actuall y presente d t o subjects . 
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With respect to structure, we noticed that where subjects had difficulty describing a relation (typically 

becaus e th e targe t  la y withi n th e landmark' s corrido r  intersection) ,  th e subjec t  woul d resolv e th e proble m 

by identifyin g a  par t  o r  pairt s o f  th e landmar k an d the n usin g th e usua l  spatia l  relation s expression s 

relativ e t o thos e parts .  A  typica l  exampl e i s show n i n Figur e 13 .  I n Figur e 1 3 (a )  th e targe t  circl e C  i s 

unambiguousl y lef t  o f  th e landmar k objec t  Z ,  an d subject s wil l  giv e th e expecte d response .  Bu t  whe n 

face d wit h Figur e 1 3 (b) ,  subject s wil l  produc e a  descriptio n lik e "Th e circl e i s abov e th e shan k jus t  t o 

th e righ t  o f  th e lef t  knob. "  Tha t  is ,  th e subjec t  ha s broke n dow n th e landmar k int o part s fro m whic h 

th e norma l  discours e o f  spatia l  relation s ca n b e constructed .  Interestingly ,  w e als o observe d a  convers e 

effec t  i n whic h ambiguit y amon g spatia l  referent s wa s avoide d b y ideatin g a  structur e comprise d o f  th e 

referent s an d the n constructin g a n utteranc e base d o n a  spatia l  relatio n involvin g th e structure .  Fo r 

example ,  whe n Figur e 1 4 wa s presente d an d th e indicate d objec t  pointe d out ,  subject s typicall y identifie d 

th e objec t  a a "th e secon d squar e fro m th e left, "  impliedl y creatin g a  horizonta l  structur e encompassin g 

al l  fou r  objects .  Subject s typicall y di d no t  identif y th e objec t  a s "th e squar e t o th e lef t  o f  th e circle. " 

4.4 Future Work 

Our future work in this area involves, among other things, systematic experimental verification of the 

spatia l  relation s algorithm .  W e plau i  t o presen t  subject s wit h a  variet y o f  task s an d relation s fro m whic h 

we ca n extrac t  dat a o n manipulation ,  description ,  choice ,  an d verification ,  wit h reactio n time s wher e 

appropriate .  Thi s wor k wil l  b e conducte d o n a  Symbolic s 364 5 Lis p machin e usin g testin g softwar e 

speciall y develope d fo r  thes e serie s o f  experiments . 

Othe r  wor k wil l  includ e continue d researc h int o th e meanin g o f  near .  W e expec t  t o appl y simila r 

technique s t o thi s term .  W e ar e als o continuin g t o analyz e taskin g i n th e discours e o f  spatia l  relations . 

Th e algorith m tha t  w e hav e presente d i n thi s paper ,  whil e inherentl y accommodatin g th e semantic s i f 

lef t  of ,  right  of ,  above ,  an d below ,  nevertheles s lack s explici t  procedure s fo r  generatin g th e pragmati c 

aspect s o f  task ,  function ,  an d structur e tha t  w e hav e discussed .  Ou r  futur e wor k wil l  focu s o n tha t 

elaboratio n an d it s empirica l  validation . 
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