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Separat e Cognitiv e an d M o t o r  M a p s i n Visio n 

Bruce Bridgeman (bruceb@cats.ucsc.edu) 
Psycholog y Departmen t 

Socia l  Science s 2 
Universit y o f  Californi a 
Sant a Cruz .  Ca .  9506 4 

U SA 

Abstrac t 

Several topographic maps represent the visual world in 
th e cortex .  Thi s characteristi c o f  th e visua l  syste m raise s 
a questio n fo r  visua l  physiology :  d o al l  o f  thes e map s 
wor k togethe r  t o creat e a  singl e representatio n o f  visua l 
space ,  o r  ar e the y functionall y distinct ? I f  the y ar e 
distinct ,  h o w man y functiona l  map s ar e there ,  wha t  doe s 
eac h on e do ,  an d h o w d o the y communicat e wit h on e 
another ? Thi s pape r  present s psychophysica l  evidenc e fo r 
at  leas t  tw o functionall y distinc t  representation s o f  th e 
visua l  worl d i n norma l  humans ;  unde r  som e conditions , 
th e tw o representation s ca n simultaneousl y hol d differen t 
spatia l  values .  Th e pape r  als o demonstrate s som e o f  th e 
ways i n whic h th e representation s communicat e wit h on e 
another . 

Th e norma l  huma n possesse s tw o map s o f  visua l  space . 
O ne o f  the m hold s informatio n use d i n perception :  i f  a 
subjec t  i s  aske d wha t  h e o r  sh e sees ,  th e informatio n i n 
thi s "cognitive '  m a p i s accessed .  Thi s m a p ca n achiev e 
grea t  sensitivit y t o smal l  motion s o r  translation s o f 
object s i n th e visua l  worl d b y usin g relativ e motio n o r 
positio n a s a  cue .  Th e pric e tha t  th e cognitiv e syste m 
pay s fo r  gainin g thi s sensitivit y i s tha t  i t  lose s absolut e 
egocentri c calibratio n o f  visua l  space .  A  usefu l  mode l  fo r 
thi s proces s i s th e proces s o f  differentiatio n i n calculus .  I n 
calculatin g motio n dx/d t  b y differentiation ,  th e constan t 
ter m (th e spatia l  calibration )  drop s ou t  o f  th e 
representation . 

Th e othe r  visua l  m a p drive s visuall y guide d behavior , 
but  it s  content s ar e no t  necessaril y  availabl e t o perception . 
Thi s m a p doe s no t  hav e th e resolutio n an d sensitivit y t o 
fine-grained  spatia l  relationship s tha t  th e cognitiv e m a p 
has ,  bu t  i t  i s  no t  require d to :  a  smal l  erro r  i n pointing , 
graspin g o r  lookin g i s o f  littl e consequence .  Th e 
advantag e o f  thi s m a p i s it s robustness ;  th e "motor "  m a p 
i s no t  subjec t  t o illusion s suc h a s induce d motion . 

Studie s o f  saccadi c suppressio n an d induce d motio n 
sugges t  separat e representation s o f  visua l  spac e fo r 
perceptio n an d visuall y guide d behavior .  Becaus e thes e 
method s requir e stimulu s motion ,  subject s migh t 
confoun d motio n an d positio n signals .  W e separat e 
cognitiv e an d sensorimoto r  map s withou t  motio n o f 
target ,  background ,  o r  eye ,  wit h a n 'induce d Roelof s 
effect' :  a  targe t  insid e a n off-cente r  fram e appear s biase d 
opposit e th e directio n o f  th e frame .  A  fram e a  displaye d t o 
th e lef t  o f  a  subject' s centerline ,  fo r  example ,  wil l  mak e a 
targe t  insid e th e fram e appea r  furthe r  t o th e right  tha n it s 
actua l  position .  Th e effec t  alway s influence s perception , 
but  i n hal f  o f  ou r  subject s i t  doe s no t  influenc e pointing . 

Cognitiv e an d sensorimoto r  map s interac t  i f  th e moto r 
respons e i s delayed ;  al l  subject s no w sho w a  Roelof s 
effec t  fo r  pointing ,  suggestin g tha t  th e moto r  syste m i s 
bein g fe d fro m th e biase d cognitiv e map .  A  secon d 
experimen t  showe d simila r  result s whe n subject s mad e a n 
open-ende d cognitiv e respons e instea d o f  a  5-alternativ e 
force d choice .  Experimen t  3  showe d tha t  th e result s wer e 
not  du e t o shift s i n subjects '  perceptio n o f  th e fel t  straigh t 
ahea d position .  I n experimen t  4 ,  subject s pointe d t o th e 
targe t  an d judge d it s locatio n o n th e sam e trial .  Bot h 
measure s showe d a  Roelof s effect ,  indicatin g tha t  eac h 
tria l  wa s treate d a s a  singl e even t  an d tha t  th e cognitiv e 
representatio n wa s accesse d t o localiz e thi s even t  i n bot h 
respons e modes . 

I n mor e recen t  experiment s w e hav e mad e a  subtl e bu t 
importan t  chang e i n th e moto r  task :  instea d o f  indicatin g 
wit h th e finge r  t o th e experimente r  wher e th e targe t  i s 
located ,  th e subjec t  simpl y jab s i t  wit h th e forefinger , 
knockin g ove r  a  peg .  Th e movemen t  i s almos t  identical , 
but  th e movement' s functio n i s instrumenta l  rathe r  tha n 
communicatory .  Thi s yield s a  cleane r  dissociatio n betwee n 
cognitiv e an d moto r  representations ,  an d show s tha t  th e 
moto r  system' s memor y fo r  positio n last s 2  second s o r 
less . 

Anothe r  wa y o f  interpretin g th e relationshi p 
betwee n cognitiv e an d moto r  representation s o f  visua l 
spac e i s i n term s o f  th e abilit y  t o integrat e informatio n 
fro m th e m a p wit h othe r  information .  Th e cognitiv e 
map' s content s ar e code d i n term s o f  th e entir e visua l  arra y 
(bot h targe t  an d fram e i n ou r  case) ,  whil e th e moto r  ma p 
i s generall y inaccessibl e t o integratio n wit h informatio n 
fro m othe r  sources .  Th e differenc e betwee n cognitiv e an d 
moto r  representation s i n thi s contex t  i s  analogou s t o th e 
distinctio n betwee n explici t  an d implici t  mode s o f 
memory,  respectively .  Th e explici t  mod e i s accessibl e t o 
languag e an d t o experientia l  memory ,  whil e th e implici t 
mode ma y hol d informatio n tha t  th e subjec t  i s  unawar e o f 
or  eve n tha t  i s contradictor y t o othe r  explici t  memory. . 
Similarly ,  i n ou r  experiment s subject s ca n hol d on e 
positio n o f  a  stimulu s i n th e cognitiv e representatio n an d 
simultaneousl y hol d a  differen t  positio n fo r  th e sam e 
stimulu s i n th e moto r  representation . 
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