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Dis t r ibu te d C o g n i t i o n o f  a  Nav iga t iona l  I n s t r u m e n t  D i sp la y T a s k 
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Abstrac t 

Distributed representation is a 
representationa l  syste m tha t  i s compose d o f  a n 
integratio n an d exchang e o f  externa l  an d interna l 
representationa l  informatio n i n a  seamles s an d 
interweavin g manner .  Th e performanc e o f  an y 
everyda y tas k utilize s perceptua l  informatio n 
obtaine d fro m tli e externa l  environmen t  an d 
interna l  informatio n retrieve d fro m one' s 
memory.  Externa l  representation s constructe d 
fro m informatio n extracte d fro m externa l  object s 
(suc h a s writte n symbols )  an d interna l 
representation s (suc h a s schemas )  dynamicall y 
integrat e an d interweav e t o resul t  i n a  ric h patter n 
of  cognitiv e behavior .  Th e principl e o f 
distribute d representation s i s tha t  a  distribute d 
cognitiv e tas k involve s a  syste m o f  distribute d 
representation s tha t  consist s o f  interna l  an d 
externa l  representation s (Zhan g &  Norman ,  1994 , 
1995) .  Th e tas k i s neithe r  exclusivel y dependen t 
on internall y no r  exclusivel y dependen t  o n 
externall y processe d information ,  bu t  rathe r  o n th e 
interactio n o f  th e tw o informatio n space s forme d 
by th e interna l  an d externa l  representations . 

Even thoug h differen t  isomorphi c 
representation s ma y hav e a  common underlyin g 
forma l  structure ,  th e representatio n an d 
distributio n o f  th e sam e informatio n acros s th e 
interna l  an d externa l  space s ca n b e different .  Th e 
varian t  distribution s o f  representationa l 
informatio n resul t  i n producin g alternat e an d 
occasionall y contrastin g behaviors .  I t  woul d tlie n 
be possibl e t o observ e th e differin g efficiencie s o f 
th e representationa l  systems .  Thi s 
representationa l  effec t  i s  observe d an d studie d 
ove r  a  serie s o f  experiment s involvin g variou s 
navigationa l  instrument s fro m tJi e aviatio n 
industr y i n a  navigationa l  task . 

Cockpi t  informatio n display s ar e example s 
of  distribute d representatio n systems . 
Navigationa l  informatio n i n a  cockpi t  infonnatio n 
syste m ca n an d i s represente d throug h a  variet y o f 
isomorphi c navigatio n instruments .  Witlii n th e 
aviatio n industry ,  ther e exist s a  variet y o f 
navigationa l  system s base d o n a  se t  o f  ke y 
instruments .  Althoug h tJi e navigationa l 
infonnatio n displaye d i s similar ,  the y var y i n thei r 
relativ e degre e o f  directnes s an d efficienc y i n 
thei r  representatio n o f  scal e informatio n (Stevens , 
1946 ;  Narens ,  1981) .  Th e scal e informatio n o f 

tli e orientatio n an d distanc e dimension s i n a 
cockpi t  informatio n displa y i s represente d acros s 
interna l  an d externa l  representation s an d ca n 
dramaticall y affec t  tii e representationa l  efficienc y 
of  Ui e displa y an d tii e pilot' s  behavior . 

The experimenta l  stud y compare s th e 
differin g effect s o f  a  navigationa l  tas k usin g thre e 
of  tli e mor e prevalen t  navigatio n system s i n use . 
A decompositio n o f  Ui e cognitiv e tas k int o it s cor e 
component  level s identifie s tli e representationa l 
propertie s responsibl e fo r  th e observe d 
representationa l  effect .  Th e resultin g varianc e i n 
behavio r  i n completin g tli e tas k indicate s whic h 
representatio n system s ar e mor e efficient ,  an d 
tliu s whic h instrument s ar e mor e 'direct *  i n 
producin g suc h a  representatio n system .  Varianc e 
i n behavio r  i s measure d tliroug h time s fo r  tas k 
completio n an d erro r  rate . 

A learnin g effec t  wa s observe d fo r  al l  thre e 
experimenta l  condition s fro m repeate d measure s 
data .  Thi s dramati c an d robus t  powe r  curv e o f 
learnin g correspond s wit h tli e standar d powe r  la w 
of  practice .  Th e dat a supporte d th e hypothesi s o f 
a representationa l  effect ;  performanc e differe d i n 
initia l  tas k completio n time s an d th e rat e o f 
observe d learnin g betwee n th e thre e conditions . 
Task performanc e varie d onl y minimall y a t  th e 
end o f  tli e experimenta l  procedure .  Th e 
performanc e convergenc e ma y b e explaine d 
throug h practic e fro m th e learnin g perio d o f  th e 
experiment . 

The experimenta l  result s wer e consisten t 
wit h th e prediction s o f  tli e distribute d cognitiv e 
theory .  Th e predictio n wa s fo r  representation s t o 
hav e a  distribute d spac e extendin g acros s th e 
interna l  representationa l  spac e an d th e externa l 
representationa l  space ,  whic h wa s supporte d b y 
th e observe d representationa l  effect . 
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