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Abstrac t 

The cognitiv e map s tha t  human s comput e a s representation s o f 
th e spatia l  environmen t  the y hav e visite d ar e rarel y eve n clos e 
approximation s t o wha t  wa s actuall y experienced .  Whe n w e 
experienc e th e environmen t  w e see m t o se e i t  al l  s o perfectly , 
yet  rarel y ar e w e abl e t o reproduc e fro m memor y a n exac t 
descriptio n o f  th e place s visited .  Ye t  thes e vague ,  muddle d 
description s o f  th e place s visite d ar e adequat e fo r  man y spatia l 
reasonin g tasks .  Bu t  ho w i s suc h a n impoverishe d representa -
tio n compute d fro m wha t  i s initiall y  delivere d b y one' s senses ? 
And wha t  effec t  doe s thi s representatio n hav e o n th e construc -
tio n o f  th e cognitiv e map ? W e presen t  on e metho d fo r  comput -
in g a  vagu e descriptio n o f  eac h loca l  spac e visited .  I t  i s  derive d 
fro m th e initiall y  accurat e descriptio n neede d fo r  th e action s 
th e viewe r  migh t  perfor m withi n th e loca l  space .  W e sho w th e 
effec t  o f  thi s representatio n o n th e structur e o f  th e cognitiv e 
map. 

Introduction 

Urba n planners ,  geographer s an d environmenta l  psycholo -
gist s hav e lon g bee n intereste d i n th e human' s perceptio n o f 
th e environmen t  (e.g .  D o w n s &  Ste a (1973 )  Lync h (I960)) , 
and Artificia l  Intelligenc e researcher s hav e i n th e pas t 
attempte d t o develo p computationa l  model s o f  th e underly -
in g processe s (e.g .  Davi s (1986) ,  Engelso n (1994) ,  Korten -
kamp (1993) ,  Kuiper s (1996) ,  Yea p (1988)) .  Th e ter m 
cognitiv e m a p ha s bee n widel y use d t o describ e th e represen -
tation s whic h resul t  fro m thes e processes .  Sinc e th e ter m wa s 
first  coine d b y Tolma n (1948) ,  ther e hav e bee n numerou s 
theorie s propose d t o describ e thes e representation s (e.g . 
Downs &  Ste a (1973 )  Galliste l  (1989)) . 

I n ou r  o w n laborator y a  computationa l  theor y o f  cognitiv e 
maps ha s bee n develope d whic h seek s t o explai n wha t  infor -
matio n i s mad e explici t  a t  eac h ste p i n th e cognitiv e mappin g 
proces s startin g a t  th e botto m wit h wha t  i s  delivere d b y 
visio n (Yeap ,  1988 ;  Yeap ,  Holmes ,  &  Jefferies ,  1994 ;  Yea p & 
Jefferies ,  1997 ;  Yeap ,  Naylor ,  &  Jefferies ,  1990) .  W e ar e 
intereste d i n h o w spatia l  knowledg e develop s fro m th e mos t 
primitiv e representation s compute d directl y fro m th e sense s 
and o n throug h variou s stage s t o eve r  mor e sophisticate d rep -
resentations . 

Th e predominan t  theor y regardin g th e developmen t  o f  spa -
tia l  knowledg e i s tha t  o f  Siege l  an d Whit e (1975 )  -  i t  sug -
gest s tha t  th e progressio n o f  spatia l  knowledg e i n a  cognitiv e 
m ap i s fro m landmar k t o rout e t o surve y map .  Th e essenc e o f 
thi s theor y i s tha t  landmark s ar e remembere d first  an d thi s i s 
followe d b y a n initia l  topologica l  networ k an d the n a  m u c h 
expande d on e an d finally  euclidea n informatio n become s 
available .  Th e mai n argumen t  i n favo r  o f  thi s theor y i s th e 
experimenta l  evidenc e whic h show s tha t  a s one' s knowledg e 
of  th e spatia l  environmen t  progresse s landmar k knowledg e i s 
fa r  mor e accurat e tha n rout e knowledg e an d likewis e rout e 
knowledg e i s mor e accurat e tha n surve y knowledg e (Cous -
ins ,  Siegel ,  &  Maxwell ,  1983 ;  Le e &  Schmidt ,  1988 ; 
Moeser ,  1988) .  Give n th e complexit y o f  computin g surve y 
knowledg e a s compare d t o landmar k knowledg e suc h a  find-
in g i s no t  surprising .  Howeve r  i t  doe s no t  necessaril y  follo w 
tha t  rout e an d surve y knowledg e canno t  b e compute d simul -
taneousl y alongsid e landmar k knowledg e (se e Yea p &  Jeffer -
ie s (1997 )  fo r  a  detaile d discussion) .  Recently ,  Montell o 
(1993 )  criticize d th e landmark/route/surve y hypothesi s argu -
in g tha t  pur e landmar k o r  rout e knowledg e alway s coexis t 
wit h metri c knowledg e abou t  distanc e an d direction ,  how -
eve r  vagu e the y m a y be .  Metri c knowledg e begin s t o b e 
acquire d th e first  tim e on e encounter s a n environmen t  an d 
lik e al l  spatia l  knowledg e th e quantit y an d qualit y o f  th e 
informatio n store d improve s wit h repeate d exposur e t o it s 
source .  Indee d i f  on e consider s th e informatio n whic h i s 
delivere d b y th e sense s a s fo r  exampl e i n vision ,  the n metri c 
knowledg e i s a s computabl e from  thi s inpu t  a s landmark s o r 
route s an d i s abundantl y availabl e whe n compare d wit h land -
mar k knowledge . 

H u m a ns "see "  th e place s the y visi t  wit h m u c h precision . 
Eve n thoug h w e ca n easil y determin e wher e object s ar e 
when w e ar e lookin g directl y a t  them ,  rarel y ar e w e abl e t o 
reproduc e fro m memor y a n exac t  descriptio n o f  th e place s 
we hav e visited .  No t  ofte n d o w e remembe r  exactl y wher e 
object s ar e whe n w e canno t  physicall y se e them ,  an d no r  d o 
we easil y remembe r  thei r  exac t  siz e an d distanc e t o othe r 
objects .  Ye t  w e ar e abl e t o mak e goo d us e o f  th e vagu e an d 
imprecis e memorie s w e hav e fo r  ou r  environment .  Th e deci -
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sion s w e mak e o n ho w t o ge t  from  on e plac e t o anothe r  ar e 

ofte n base d o n rathe r  sketch y memorie s fo r  th e place s w e 

hav e visite d alon g th e way .  Continuin g o n wit h ou r  bottom -
up approac h t o computin g a  cognitiv e m a p ou r  concer n i s 
wit h h o w representation s o f  suc h poo r  qualit y ar e compute d 
from  one' s seemingl y ric h an d detaile d experienc e o f  th e 

environment . 
Our  recen t  wor k o n cognitiv e mappin g ha s bee n concerne d 

wit h derivin g a  representatio n fo r  th e viewer' s loca l  spac e 
from  visua l  inpu t  (Yeap ,  e t  al. ,  1990 ;  Yeap ,  e t  al. ,  1994 ;  Yea p 
& Jefferies ,  1997) .  Thi s i s a  fundamenta l  ste p i n th e con -
structio n o f  a  cognitiv e m a p an d w e hav e show n ho w thi s 
coul d b e done .  Ou r  curren t  algorith m emphasize s th e impor -
tanc e o f  detectin g exit s i n vie w fro m th e surface s perceived , 
and from  thes e exits ,  a  boundar y o f  th e loca l  spac e i s com -
puted .  Eac h loca l  spac e i s compute d usin g a  cartesia n co -
ordinat e referenc e frame  an d thi s provide s a n adequat e repre -
sentatio n fo r  th e tas k o f  determinin g wher e thing s ar e whe n 
th e viewe r  i s lookin g directl y a t  them .  Th e representatio n i s 
calle d a n Absolut e Spac e Representatio n (ASR) ,  a  ter m 
whic h emphasize s th e independent ,  loca l  natur e o f  eac h loca l 
spac e visited .  Onc e compute d th e individua l  A S R s ca n b e 
connecte d togethe r  i n th e wa y the y ar e experience d t o for m a 
cognitiv e map .  Computin g iJi e loca l  spac e i n thi s wa y i s a 
necessar y first  ste p bu t  onc e on e move s ou t  o f  th e curren t 
space ,  i t  i s evidentl y clea r  that ,  a t  leas t  fo r  humans ,  on e doe s 
not  remembe r  th e exac t  detail s o f  it s shape .  H o w the n woul d 
th e representatio n devolv e int o wha t  th e viewe r  actuall y 
remembers ,  i.e .  a  vagu e representatio n o f  wha t  wa s initiall y 
compute d an d i f  suc h a  representatio n i s computed ,  wha t 
effec t  doe s thi s hav e o n th e constructio n o f  a  cognitiv e map ? 
I n thi s pape r  w e describ e on e metho d w e hav e devise d fo r 
devolvin g th e initia l  descriptio n o f  th e loca l  spac e int o a 
much simplifie d representatio n an d w e sho w th e effec t  o f 
usin g i t  t o buil d a  cognitiv e map .  W e hav e writte n compute r 
program s t o tes t  ou r  ideas .  Th e result s from  tw o experiment s 
whic h simulat e a  viewe r  wit h a  150 °  vie w movin g throug h a 
comple x 2 D environmen t  ar e presented . 

I n recen t  year s th e qualitativ e spatia l  reasonin g (QSR ) 
communit y ha s propose d man y methodologie s fo r  represent -
in g an d reasonin g wit h thi s vagu e an d uncertai n spatia l 
knowledg e (Clementini ,  D i  Felice ,  &  Hernandez ,  1995 ; 
Cohn,  Randell ,  &  Cui ,  1995 ;  Egenhofe r  &  Khaled ,  1992 ; 
Hernandez ,  1993 ;  Rohrig ,  1994) .  I n th e nex t  section ,  o n 
relate d work ,  w e examin e som e o f  thei r  method s an d briefl y 
mentio n on e cognitiv e mappin g implementatio n whic h 
makes us e o f  qualiutiv e representation s an d reasonin g tech -
nique s (Kuipers ,  1996) . 

Related Work 

Cohn &  Gott s (1996b )  stat e that :  "Th e challeng e o f  Q S R i s 
t o provid e calcul i  whic h allo w a  machin e t o represen t  an d 
reaso n wit h spatia l  entitie s o f  highe r  dimension ,  withou t 
resortin g t o th e traditiona l  quantitativ e technique s prevalen t 
in ,  fo r  example ,  th e compute r  graphic s o r  compute r  visio n 
communities" .  M u c h o f  th e motivatio n fo r  Q S R come s from 
th e fac t  tha t  accurat e metri c representation s grossl y over -
specif y th e accurac y whic h i s achievable .  Fo r  a  robo t  th e sen -
sor s employe d ar e incapabl e o f  deliverin g suc h accuracy . 

Humans o n th e othe r  han d ar e abl e t o compensat e fo r  thi s 
wit h hig h leve l  conceptua l  knowledg e abou t  ho w thei r  envi -
ronmen t  shoul d appea r  t o them ,  howeve r  th e proble m fo r 
the m i s tha t  th e representatio n seem s t o quickl y degrad e onc e 
ther e i s n o longe r  immediat e feedbac k from  th e environment . 
A c o m m o n them e i s apparen t  acros s man y o f  th e Q S R mod -

el s -  spatia l  relation s ar e define d i n suc h a  wa y tha t  th e vari -
ous relationship s betwee n object s ca n b e distinguishe d a t  a n 
appropriat e bu t  usuall y coars e granularity .  Give n som e fact s 
abou t  pair s o f  object s th e transitivit y o f  th e spatia l  relation s 
i s exploite d t o infe r  furthe r  facts .  Fo r  example ,  i f  A  i s i n fron t 
of  B  an d B  i s i n fron t  o f  C  the n i t  ca n b e inferre d tha t  A  i s 
als o i n front  o f  C .  Th e possibl e inference s ar e usuall y store d 
i n compositio n tables . 

For  Hernandez ,  Clementin i  an d D i  Felic e (Hernandez , 
1993 ;  Hernandez ,  Clementini ,  &  DiFelice ,  1995) ,  th e ke y t o 
definin g qualitativ e spatia l  relationship s i s t o mak e explici t 
jus t  thos e spatia l  relation s necessar y fo r  a  particula r  context , 
thu s eliminatin g unnecessar y detail .  Withi n th e loca l  spac e 
orientatio n i s expresse d usin g relation s suc h a s left ,  right , 
front ,  an d bac k (fo r  a  leve l  wit h fou r  distinctions) ;  left-back , 
right-back ,  left-front ,  an d right-back ,  woul d b e adde d fo r  a 
leve l  wit h eigh t  distinctions .  I n large-scal e geographi c spac e 
th e absolut e orientatio n relation s north ,  south ,  east ,  west ,  et c 
woul d b e used .  Eigh t  topologica l  relation s ar e define d -dis -
joint ,  tangent ,  overlaps ,  contains-at-border ,  included-at-bor -
der ,  contains ,  included ,  an d equal .  Hernande z (Hernandez , 
1993 )  define s neighborin g structure s t o simplif y th e proces s 
of  calculatin g th e compositio n o f  pair s o f  relations .  I n Her -
nande z e t  al .  (1995 )  a  methodolog y fo r  representin g an d rea -
sonin g wit h qualitativ e distanc e a s i t  pertain s t o large-scal e 
geographi c spac e i s developed .  Th e proble m i n representin g 
distanc e relation s i s tha t  ou r  notion s o f  vagu e term s suc h a s 
fa r  an d nea r  ar e define d b y th e contex t  i n whic h the y ar e 
used .  T o defin e a  distanc e relatio n Hernande z e t  al .  (1995 ) 
specifie s &  primar y object ,  a  referenc e object ,  an d &  frame  o f 
reference .  Distanc e relation s ca n b e specifie d a t  variou s lev -
el s o f  granularity ,  fo r  exampl e a  leve l  wit h fou r  distinction s 
woul d compris e ver y close ,  close ,  fa r  an d ver y fa r  Thu s a 
syste m o f  distanc e relation s i s define d alon g wit h a  se t  o f 
structur e relation s whic h defin e ho w th e distanc e relation s 
relat e t o eac h other .  Th e compositio n o f  spatia l  relation s a s i n 
A.  fa r  B  an d B  clos e C  result s i n a  relatio n betwee n A  an d C 
ove r  som e rang e o f  distance s specifie d b y a  lowe r  an d uppe r 
bound . 

Cohn e t  al.' s  (1995 )  RCC-theor y define s som e basi c rela -
tion s t o specif y th e connectivit y o f  a  pai r  o f  spatia l  regions . 
R C C -5 ha s th e se t  o f  five  relations ,  partiall y  overlapping , 
prope r  part ,  equal ,  prope r  par t  inverse ,  an d distinc t  regions . 
A finer  granularit y o f  relationship s i s achieve d b y splittin g 
individua l  member s i n th e se t  int o tw o o r  mor e disjoin t  rela -
tions .  Fo r  example ,  i n RCC-8 ,  th e se t  o f  eigh t  relations ,  par -
tiall y  overlappin g i s spli t  int o tangentia l  prope r  par t  an d 
non-tangentia l  prope r  part .  I n (Coh n &  Gotts ,  1996a )  th e 
RCC-theor y i s extende d t o encompas s region s wit h indeter -
minat e boundaries .  Whil e Cohn' s grou p ha s mostl y bee n 
concerne d wit h qualitativ e representationa l  issues ,  Bennet t 
(Bennett ,  1994 )  ha s propose d a  metho d fo r  automaticall y 
generatin g th e entrie s i n th e compositio n tabl e o f  R C C rela -
tion s usin g propositiona l  logic . 
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One implementatio n tha t  doe s comput e qualitativ e repre -
sentation s fro m sensor y informatio n i s tha t  o f  Kuiper s 

(1996) .  Hi s Spatia l  Semanti c Hierarch y comprise s five  layer s 
fro m sensorimoto r  t o metri c leve l  wit h th e topologica l  leve l 
bein g immediatel y prio r  t o th e metri c level .  Assimilatio n o f 
knowledg e proceed s fro m laye r  t o laye r  wit h eac h laye r  pro -
vidin g th e propertie s tha t  th e nex t  on e depend s on .  Th e topo -
logica l  laye r  consist s o f  places ,  path s an d region s alon g wit h 
connectivit y an d containmen t  relations .  Followin g o n fro m 
th e topologica l  layer ,  th e metri c laye r  add s metri c attribute s 
so tha t  places ,  path s an d region s ar e linke d b y metri c rela -
tions ,  suc h a s relativ e an d absolut e angle s an d distances , 
accordin g t o som e framework. 

Computing a Qualitative Local Space 

R e p r e s e n t a t i o n 

Determinin g th e ongoin g natur e o f  spatia l  memorie s whe n 
the y ar e n o longe r  receivin g immediat e feedbac k from  th e 
environmen t  i s no t  easy .  Studie s whic h examin e thi s proble m 
ar e mostl y concerne d wit h th e manne r  i n whic h th e represen -
tation s ar e distorte d an d thei r  significanc e altere d onc e the y 
ar e merge d int o th e wide r  "pictur e i n th e head" .  Variable s 
suc h a s size ,  distanc e an d locatio n ar e ofte n systematicall y 
distorte d b y containmen t  relation s an d th e significanc e o f  a n 
objec t  a s compare d wit h other s i t  i s  relate d t o (Hirtl e & 
Jonides ,  1985 ;  Holyoa k &  M a h ,  1982 ;  Sadalla ,  Burroughs , 
& Staplin ,  1980 ;  Tversky ,  1992) .  Bu t  thes e modification s 
resul t  fro m som e top-dow n processing ,  i.e .  th e inpu t  t o th e 
proces s isn' t  onl y wha t  ha s bee n compute d bottom-u p fro m 
th e sense s bu t  als o include s th e result s o f  earlie r  computa -
tions ,  ofte n higher-leve l  representation s whic h ar e conceptu -
all y mor e sophisticated . 

Our  concer n a t  thi s stag e i s onl y wit h wha t  ca n b e com -
pute d bottom-u p from  th e senses .  I t  i s  ou r  contentio n tha t  th e 
initia l  representatio n compute d fo r  a  loca l  spac e i s compute d 
fo r  th e viewer' s immediat e needs ,  t o provid e a  locu s fo r  th e 
object s surroundin g th e viewer ,  an d th e activitie s whic h 
involv e thes e objects .  Bu t  whil e m u c h o f  th e detai l  i s  forgot -
te n o r  goe s unnotice d on e ca n stil l  remai n cognizan t  o f  th e 
loca l  spac e fo r  a  lon g tim e afte r  i t  wa s occupied .  T o encapsu -
lat e a  loca l  spac e i n thi s wa y woul d onl y requir e representin g 
it s exten t  i n ver y roug h terms ,  bu t  th e resultin g representa -
tio n coul d stil l  provid e a  usefu l  framewor k fo r  reasonin g 
abou t  th e loca l  spac e an d coul d the n becom e mor e elaborat e 
as th e viewer' s familiarit y wit h th e environmen t  increases . 
Such a  representatio n i s "qualitative "  i n th e sens e o f  Q S R; 
th e representatio n m a y neve r  b e isomorphi c t o th e actua l 
environmen t  an d th e "quality "  o f  th e informatio n represente d 
woul d b e extremel y variable . 

We comput e suc h a  representatio n b y devolvin g th e initia l 
representatio n compute d int o a  rectangl e whic h roughl y 
approximate s it s extent .  A  straightforwar d algorith m i s use d 
-  point s o n th e surface s formin g th e boundar y o f  th e A S R ar e 
sample d t o firstly  find  a  goo d lengt h fo r  th e rectangl e an d 
the n th e lengt h itsel f  i s  sample d t o find  a  goo d width .  W e cal l 
thi s representatio n a  fuzz y A S R .  Figur e I  (a )  show s a n initia l 
A SR computed ,  it s surface s ar e labelle d s i  -  s 5 an d it s exit s 
e I  -  e 4 (fo r  a  detaile d descriptio n o f  thi s algorithm ,  se e Yea p 
& Jefferie s (1997)) .  Th e fuzz y A S R compute d fro m thi s A S R 

Figur e 1 .  (a )  A n exac t  A S R compute d whil e th e viewe r 
occupie d th e loca l  space ,  (b )  th e fuzz y A S R descriptio n 
whic h devolve s fro m th e A S R i n (a ) 

is shown in Figure 1 (b). No claims are made as to the plausi-
bilit y  o f  ou r  method .  I n realit y man y processe s woul d b e 
operatin g t o modif y th e origina l  A S R an d w e canno t  clai m t o 
full y  understan d these .  Thi s i s bu t  on e metho d fo r  producin g 
a fuzz y A S R .  Ther e wil l  b e many ,  man y more . 

The rea l  significanc e o f  th e fuzz y A S R fo r  ou r  computa -
tiona l  theor y i s th e manne r  i n whic h th e representatio n i s 
abl e t o b e use d t o structur e th e cognitiv e map ,  howeve r 
poorly .  Th e fuzz y A S R doe s no t  compris e actua l  surface s o r 
exits ,  i t  merel y represent s a  portio n o f  spac e onc e occupie d 
by th e viewer .  Bu t  on e woul d expec t  th e viewe r  t o remembe r 
some o f  th e connection s t o neighborin g spaces ,  confuse d 
thoug h the y ma y be .  Thu s w e retai n th e connection s t o 
neighborin g "ASRs" ,  bu t  onl y i n th e looses t  sense .  W e con -
ducte d tw o exf)eriment s wit h th e progra m b y varyin g th e 
amount  o f  knowledg e th e viewe r  retaine d fo r  th e connection s 
betwee n A S R s . W e thu s showe d h o w a  fuzz y cognitiv e m a p 
migh t  b e structure d an d h o w usefu l  suc h a  m a p migh t  be . 

I n th e first  experimen t  th e viewe r  remember s h o w m a n y 
exit s ther e ar e i n a n A S R bu t  n o locationa l  informatio n i s 
retaine d fo r  them .  Fo r  th e fuzz y A S R i n Figur e 1  (b) ,  fo r 
example ,  th e viewe r  remember s jus t  tha t  ther e ar e fou r  exits , 
el ,  e2 ,  e 3 an d e4 .  W h e n th e A S R i s exite d a  connectio n i s 
made t o th e A S R jus t  entere d bu t  th e viewe r  doe s no t  remem -
ber  whic h exi t  wa s used .  Ou r  viewe r  ha s a  ver y poo r  m e m o r y 
indeed !  Th e outcom e o f  thi s i s a  scenari o ofte n face d b y 
humans " I  kno w I'v e bee n her e befor e s o whic h doorwa y 
di d I  us e t o ge t  to... "  Thu s th e informatio n m a d e explici t  i n a 
fuzzy-AS R comprise s th e roug h exten t  o f  th e A S R ,  th e num -
ber  o f  exit s i n th e A S R an d whic h neighborin g A S R s hav e 
bee n experience d a s connecte d t o thi s one .  Th e result s o f  th e 
experimen t  ar e displaye d i n Figur e 2 .  Figur e 2  (a )  show s th e 
portio n o f  th e environmen t  traverse d an d Figur e 2  (b )  a  cog -
nitiv e m a p constructe d fro m th e "exact "  A S R s compute d fo r 
eac h loca l  spac e visited .  Not e tha t  althoug h fo r  displa y pur -
pose s th e A S R s ar e lai d ou t  a s i f  ther e i s on e globa l  coordi -
nat e system ,  i n realit y thi s i s no t  th e case .  Eac h A S R i s 
independen t  o f  al l  other s wit h it s o w n loca l  coordinat e sys -
tem ,  an d th e onl y link s t o othe r  A S R s ar e throug h th e exit s 
use d t o travers e them .  Thu s th e viewe r  know s exactl y wher e 
eac h surfac e an d exi t  i n th e A S R i s located ,  an d exactl y 
whic h exit s ar e use d t o connec t  t o neighborin g A S R s .  Th e 
actua l  structur e o f  th e cognitiv e m a p i s mostl y route-like , 
excep t  wher e previousl y visite d A S R s ar e abl e t o b e recog -
nize d (se e Yeap ,  Jefferies ,  &  Naylo r  (1991)) .  Thes e part s o f 
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Figur e 2 .  (a )  Th e environmen t  traversed ,  (b )  a  cognitiv e m a p compute d fro m exac t  A S R s (c )  th e viewer' s interpretatio n o f 
a cognitiv e m a p compute d fro m fuzz y A S R s wher e th e viewe r  ha s n o locationa l  informatio n fo r  th e exits ,  (d)th e viewer' s 
interpretatio n o f  a  cognitiv e m a p constructe d fro m fuzz y A S R s wher e th e viewe r  know s o n whic h sid e o f  th e fuzz y A S R 
th e exit s ar e locate d bu t  no t  thei r  exac t  position . 

th e m a p exhibi t  a  mor e integrate d structure .  Figure s 2  (c )  an d 
(d )  conve y th e underlyin g structur e o f  th e fiizz y cognitiv e 
m ap mor e realisticall y bu t  thi s i s onl y practica l  fo r  a  smal l 
number  o f  A S R s .  I n al l  th e figure s th e A S R s ar e numbere d i n 
th e orde r  i n whic h the y ar e visited . 

Th e fuzz y cognitiv e m a p constructe d fo r  th e pat h i n Figur e 
2 (a )  woul d comprise : 

fuzzy-AS R 1  wit h fou r  exits ,  connecte d t o A S R 2 
fuzzy-ASR 2 wit h tw o exits ,  connecte d t o A S R 3 ,  A S R 1 
fuzzy-ASR 3 wit h five  exits ,  connecte d t o A S R 4 ,  A S R 2 
fuzzy-ASR 4 wit h thre e exits ,  connecte d t o A S R 5 ,  A S R 3 
fuzzy-ASR 5 wit h fou r  exits ,  connecte d t o A S R 6 ,  A S R 4 
fuzzy-ASR 6 wit h thre e exits ,  connecte d t o A S R 5 

To demonstrat e th e usefulnes s o f  suc h a  map ,  th e viewe r  i s 
tol d t o repea t  th e journe y fro m star t  t o finish  i n it s head .  Fig -
ur e 2  (c )  demonstrate s ho w confuse d a  viewe r  makin g us e o f 
suc h a  m a p coul d become .  A s th e viewe r  imagine s re-enter -
in g A S R 1 ,  it s know s fro m it s fuzz y m a p tha t  on e o f  thes e 

exit s lead s int o A S R 2  bu t  no t  whic h one .  Th e viewe r  ran -
doml y choose s a n exit .  Th e lin e emanatin g fro m th e botto m 
of  fuzz y A S R l ,  rathe r  tha n it s side ,  demonstrate s tha t  th e 
viewe r  mad e a n erroneou s decision .  I t  ca n b e see n fro m th e 
outpu t  fro m ou r  compute r  simulation s displaye d i n thi s fig-
ur e tha t  th e error s mad e her e resul t  i n rotatio n error s i n th e 
cognitiv e m a p an d whil e the y ar e no t  show n i n thi s figure, 
translatio n error s ar e possibl e also . 

I n th e secon d experimen t  w e allowe d th e viewe r  t o 
remember  o n whic h sid e o f  th e fuzz y A S R th e exit s wer e 
locate d an d thu s o n whic h sid e o f  a  fuzz y A S R th e connec -
tio n t o a  particula r  A S R i s located .  Figur e 2  (d )  show s a 
viewer' s attemp t  a t  usin g a  fuzz y cognitiv e m a p constructe d 
usin g thi s strategy .  I n A S R 1  th e viewe r  recall s tha t  A S R 1 
connect s t o A S R 2  vi a a n exi t  o n th e lef t  sid e o f  A S R 1  an d 
sinc e ther e i s onl y on e suc h exi t  th e correc t  choic e i s made . 
However ,  o n th e sid e o f  A S R 3  whic h connect s t o A S R 4 
ther e ar e tw o exits .  On e lead s directl y int o A S R 4  (se e Figur e 
2 (b) )  an d on e lead s int o a n a s ye t  unexplore d regio n o f  th e 
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Figur e 3.(a )  Th e environmen t  traversed ,  (b )  a  cognitiv e m a p compute d fro m exac t  A S R s (c )  th e viewer' s interpretatio n o f 
a cognitiv e m a p compute d from  fuzz y A S R s wher e th e viewe r  ha s n o locationa l  informatio n fo r  th e exits ,  (d)th e viewer' s 
interpretatio n o f  a  cognitiv e m a p constructe d fro m fuzz y A S R s wher e th e viewe r  know s o n whic h sid e o f  th e fuzz y A S R 
th e exit s ar e locate d bu t  no t  thei r  exac t  position . 

environmen t  -  thi s exi t  ca n b e see n a s th e Hghte r  shade d ga p 
i n th e boundar y directl y adjacen t  t o th e exi t  int o A S R 4  i n 
Figur e 2  (b) .  T o visi t  A S R 4  from  A S R 3  th e viewe r  mus t 
choos e betwee n thes e exit s an d doe s s o correctl y (thi s time) . 
I f  th e incorrec t  exi t  ha d bee n chose n a  translatio n erro r 
woul d hav e occurred .  Thi s i s th e cas e i n Figur e 3  (d )  whe n 
th e viewe r  doe s mak e a  wron g decisio n o n whic h exi t  lead s 
from  A S R 3  int o A S R 4 .  Se e th e paragrap h whic h follow s fo r 
a mor e detaile d explanation . 

Figur e 3  show s th e result s o f  applyin g th e strategie s o f 
bot h experiment s t o a  longe r  traversa l  o f  th e environment . 
Agai n Figur e 3  (a )  show s th e environmen t  traversed ,  (b )  th e 
cognitiv e m a p constructe d fro m exac t  A S R s ,  (c )  th e cogni -
tiv e m a p constructe d whe n th e viewe r  ha s n o locationa l 
informatio n fo r  th e exit s i n a  fuzz y A S R ,  an d (d )  th e cogni -
tiv e ma p constructe d whe n th e viewe r  remember s whic h sid e 
of  th e fuzz y A S R th e exit s ar e on .  Not e i n Figure s 3  (b) ,  (c ) 
and (d )  tha t  th e viewe r  fail s  t o recogniz e A S R 3  whe n th e 
loca l  spac e i s re-entere d fro m A S R 4  an d a  ne w A S R ,  A S R 8 
i s constructed .  Thi s i s overlai d o n to p o f  A S R 3  onl y fo r  dis -
pla y convenience .  Ther e i s n o suc h integratio n i n th e 
viewer' s "head "  an d a  on e dimensiona l  route-lik e structur e i s 
a bette r  approximatio n o f  th e actua l  structur e o f  thi s par t  o f 
th e cognitiv e map .  Figur e 3  (c )  ha s th e expecte d rotatio n 

error .  A  translatio n erro r  occur s a t  abou t  fuzz y A S R 3  i n bot h 
Figur e 3  (c )  an d Figur e 3  (d) .  Thi s i s mos t  noticeabl e i n th e 
way i n whic h fuzz y A S R 8  i n particular ,  ha s shifte d i n rela -
tio n t o fuzz y A S R 3  i n th e display .  I n decidin g whic h exi t 
lead s fro m fuzz y A S R 3  int o fuzz y A S R 4  th e viewe r  select s 
an eiToneou s on e whic h i s o n th e sam e sid e o f  th e fuzz y A S R 
as th e correc t  one .  I n Figur e 3  (d )  i t  i s  jus t  possibl e t o mak e 
out  a  corne r  o f  fuzz y A S R 4  underneat h fuzz y A S R 5 .  Unfor -
tunatel y i n Figur e 3  (c )  fuzz y A S R 4  i s completel y hidden . 

Conclusion 

We hav e show n h o w a  representatio n fo r  th e loca l  spac e 
whic h i s littl e mor e tha n a  vagu e descriptio n fo r  it s exten t 
coul d b e compute d fro m a n initia l  accurat e descriptio n o f  th e 
loca l  space .  Als o show n i s th e underlyin g structur e o f  th e 
cognitiv e m a p whic h emerge s a s th e viewe r  explore s it s envi -
ronment ,  computin g thes e mudd y descriptions ,  uncertai n a s 
t o ho w the y ar e connected .  Suc h a  m a p i s no t  a n unrealisti c 
representatio n o f  a  viewer' s initia l  tentativ e exploratio n o f 
th e environment .  Howeve r  a  viewe r  usin g on e o f  thes e map s 
t o navigat e aroun d it s environmen t  woul d soo n becom e lost . 
H o w i s suc h a  m a p enriche d a s th e viewe r  become s mor e 
familia r  wit h it s  environment ,  no t  i n precis e metri c terms ,  bu t 
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merel y i n term s o f  bein g abl e t o wor k ou t  roughl y wher e 
place s an d object s ar e i n relatio n t o others ? On e woul d kno w 

exactl y whic h exit s i n a n A S R lea d t o whic h neighborin g 
A S Rs bu t  stil l  b e n o wise r  a s t o thei r  exac t  coordinat e value s 
i n a  cartesia n fram e o f  reference ,  fo r  example .  I s thi s th e rol e 
of  landmarks ? Th e "fuzz y cognitiv e map "  ha s give n u s a 
framewor k i n whic h w e ca n stud y thes e problems .  Th e fuzz y 
A SR provide s a  structur e i n whic h th e viewer' s experienc e o f 
th e environmen t  ca n b e charted .  Eventuall y importan t  detail s 
wil l  b e recorde d an d significan t  event s remembered ,  som e 
wil l  b e remembere d well ,  som e poorly .  Th e fuzz y A S R wil l 
continu e t o evolv e t o reflec t  th e eve r  changin g memorie s on e 
has fo r  th e spatia l  environment . 
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