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H u m a ns Rel y o n Egocentri c Representation s fo r 

Accurat e Spatia l  Navigatio n 

Ranxia o France s Wang '  (RW30@CORNELL.EDU) 
& Elizabet h S .  Spelke ^  (SPELKE@MIT.EDU) 

1 Dept .  o f  Psychology ,  Cornel l  University ,  Ithaca ,  N Y 14850 ,  USA .  ; 
2 Dept .  o f  Brai n an d Cognitiv e Sciences ,  MIT ,  Cambridge ,  M A 02139 ,  USA . 

Humans an d man y animal s rel y o n interna l  representation s 
of  thei r  environmen t  t o guid e thei r  navigatio n (Gallistel , 
1990 ;  O'Keef e &  Nadel ,  1978 ;  Tolman ,  1948) .  I t  ha s bee n 
debate d whethe r  th e interna l  representatio n i s egocentric , 
containin g informatio n abou t  self-to-objec t  relationships ,  o r 
allocentric ,  containin g observer-fre e informatio n abou t 
object-to-objec t  relationship s (Bisiac h &  Luzzatti ,  1978 ; 
Easto n &  ShoU ,  1995 ;  McNaughton ,  Knieri m &  Wilson , 
1995) .  Becaus e th e allocentri c relationship s amon g multipl e 
location s ca n b e derive d fro m a n egocentri c representation , 
and th e egocentri c distance s an d direction s o f  eac h targe t  ca n 
als o b e calculate d fro m a n allocentri c representatio n o f 
severa l  target s plu s knowledg e o f  th e distanc e an d orientatio n 
of  th e observe r  relativ e t o on e o r  som e o f  th e targets ,  i t  i s 
har d t o distinguis h th e tw o these s unde r  norma l 
circumstances . 

We investigate d th e consequence s o f  disorientatio n o n th e 
accurac y o f  spatia l  knowledg e o f  multipl e objec t  location s i n 
human adults .  I f  human s rel y o n allocentri c representation s 
of  objec t  location s an d place s ( a cognitiv e map )  couple d 
wit h a  proces s fo r  updatin g sel f  positio n an d orientatio n 
relativ e t o thes e locations ,  the n disorientatio n shoul d caus e 
an inaccurat e assessmen t  o f  th e sel f  positio n o r  orientation , 
but  th e knowledg e o f  th e allocentri c relationship s amon g 
target s shoul d remai n intact .  O n th e othe r  hand ,  i f  th e 
interna l  representatio n guidin g accurat e navigatio n contain s 
informatio n abou t  th e egocentri c distance s an d direction s o f 
targe t  locations ,  an d i s update d a s th e observe r  move s an d 
turns ,  the n th e disruptio n o f  th e updatin g syste m wil l 
generat e error s i n th e representatio n itself . 

I n ou r  first  experiment ,  2 0 Cornel l  student s learne d si x 
targe t  location s aroun d a  squar e chambe r  situate d i n a  lab , 
and the n wer e require d t o poin t  t o th e target s wit h eye s 
close d an d blindfolded ,  eithe r  whil e remainin g oriente d o r 
afte r  the y ha d bee n disoriente d b y one-minut e sel f  rotation . 
Subject s mad e significantl y mor e error s i n thei r  assessmen t 
of  th e spatia l  relationship s amon g th e si x target s whe n the y 
wer e disoriente d tha n whe n the y wer e oriented ,  suggestin g 
tha t  th e representatio n i s altere d afte r  disorientation .  I n ou r 
secon d experiment ,  w e use d a  translucen t  blindfol d an d 
introduce d a  directiona l  ligh t  s o tha t  subject s experience d th e 
same physica l  stimulatio n bu t  remaine d oriente d throughou t 
th e experiment .  Thes e subject s showe d n o decreas e i n th e 
accurac y o f  thei r  assessmen t  o f  targe t  relationship s afte r  th e 
rotation ,  indicatin g tha t  th e decrease d accurac y afte r 
disorientatio n wa s no t  du e t o th e physica l  stimulatio n o f  th e 
vestibula r  system .  Th e las t  experimen t  followe d exactl y th e 

same procedur e a s th e Exp .  2  excep t  tha t  th e directiona l  ligh t 
was remove d durin g th e sel f  rotatio n an d reintroduce d 
inunediatel y afte r  th e rotatio n stopped ,  suc h tha t  subject s 
became disoriente d bu t  coul d us e th e ligh t  a s a  reorientatio n 
cue .  Subject s effectivel y regaine d thei r  sens e o f  orientation , 
but  thei r  knowledg e o f  th e spatia l  relationshi p amon g th e 
target s wa s a s inaccurat e a s th e disoriente d subject s i n Exp . 
1.  Thi s findin g suggest s tha t  th e erro r  i n thei r 
representatio n afte r  disorientatio n i s  no t  du e t o inaccurac y o f 
th e pointin g response s afte r  sel f  rotation ,  o r  t o a n altere d 
sens e o f  sel f  positio n an d orientatio n bu t  rathe r  t o a  genuin e 
impairmen t  i n th e representatio n o f  targe t  relationships . 

The finding  tha t  spatia l  representation s o f  th e immediat e 
environmen t  ar e influence d b y one' s sens e o f  orientatio n 
cast s doub t  o n th e vie w tha t  spatia l  memor y an d navigatio n 
depen d o n a n allocentri c cognitiv e map .  Instead ,  human s 
may navigat e b y representin g th e egocentri c distance s an d 
direction s o f  object s an d place s an d b y continuousl y 
updatin g thes e representation s a s the y mov e an d turn . 
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