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Distr ibute d Cogn i t i o n o f  a  Navigat iona l  I n s t r u m e n t  D isp la y T a s k 

Johnn y Chiiul i  (chuah.5@osu.edu ) 
rUe Ohi o Slat e Universit y 

204 Lazenb y Hall ,  182 7 Nei l  Avenue ,  Columbus ,  O H 43210 ,  US A 

Jiajie Zhang Oiajie.zhang@uth.tinc.edu) 
Tod d R .  Johnso n (todd.r.johnson@uth.tmc.edu ) 

Universit y  o f  Texas ,  Housto n 
7000 Fannin ,  Suit e 600 ,  Houston ,  T X 77030 ,  US A 

The informatio n necessar y fo r  th e performanc e o f  almos t 
any everyda y tas k i s  distribute d acros s informatio n 
perceive d from  th e externa l  worl d an d informatio n 
retrieve d from  th e interna l  mind .  Thes e task s ar e know n 
as distribute d cognitiv e task s (Zhan g &  Norman ,  1994) . 
Th e externa l  representation s constructe d from  th e 
informatio n extracte d from  externa l  object s (suc h a s 
writte n symbols )  an d th e interna l  representation s i n th e 
min d (suc h a s schemas )  dynamicall y integrat e an d 
interweav e t o resul t  i n a  ric h patter n o f  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) . 
The tas k i s  neithe r  exclusivel y dependen t  o n internall y 
nor  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 b y th e interna l  an d externa l 
representations . 

I n th e aviatio n industry ,  ther e ar e a  wid e variet y o f 
navigationa l  systems .  However ,  ther e exist s a  se t  o f  ver y 
basi c navigationa l  instruments .  Thes e instrument s ar e 
selectivel y tune d t o transmittin g radi o station s o n th e 
ground .  Th e receive d signal s ar e the n presente d ont o a 
displa y i n th e cockpi t  fo r  th e navigato r  t o interpret .  Ther e 
i s onl y s o m u c h informatio n tha t  a  navigatio n instrumen t 
need s t o display :  azimut h o r  directiona l  information ,  an d 
distanc e information .  However ,  th e variou s instrument s 
presen t  thes e informatio n differend y an d resul t  i n varyin g 
degree s o f  precisio n an d efficienc y a s interprete d b y th e 
navigator . 

Cockpi t  informatio n display s ar e example s o f 
distribute d representatio n systems .  Navigationa l 
informatio n i n a  cockpi t  informatio n syste m ca n an d i s 
represente d throug h a  variet y o f  isomorphi c navigatio n 
instruments .  Althoug h thes e instrument s ar e isomorphi c 
and provid e simila r  necessar y information ,  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 (Zhan g &  Norman , 
1995) .  Th e scal e informatio n o f  th 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 
and ca n dramaticall y affec t  th e representationa l  efficienc y 
of  th e displa y an d th e navigator' s behavio r  (Zhang , 
1997) .  Thi s researc h seek s t o stud y th e varyin g cognitiv e 

propertie s o f  th e representation s tha t  suc h instrument s 
produce .  Th e specifi c  assumptio n t o b e teste d i s tha t  wit h 
th e mos t  direc t  system ,  scal e informatio n i s  maximall y 
represente d externally ,  resultin g i n highe r  efficiency , 
faste r  an d mor e direc t  responses .  A n experimen t  wa s 
carrie d ou t  t o tes t  thi s hypothesi s o n fou r  set s o f 
navigatio n instrument s whic h ar e isomorphi c t o eac h 
othe r  bu t  hav e differen t  degree s o f  directness . 

Th e resultin g behavio r  varianc e fro m th e experimen t 
indicate s tha t  som e representation s ar e mor e 'efficient '  i n 
extendin g th e necessar y informatio n fo r  a  task .  Althoug h 
th e differen t  isomorphi c representation s resul t  i n varyin g 
initia l  level s o f  performanc e an d learnin g curves , 
performance s appea r  t o converg e afte r  a  sufficien t  perio d 
of  learning . 

A n argumen t  coul d b e m a d e fo r  learnin g an d practic e t o 
eliminat e suc h a  representationa l  effect .  However ,  furthe r 
researc h nee d t o b e don e i n mor e comple x an d dynami c 
settings .  Th e experimenta l  tas k wa s a  simpl e position -
fixing  tas k i n a  ver y controlle d an d cal m environment .  I n 
an unpredictabl e an d comple x environmen t  suc h a s tha t 
of  th e cockpi t  o f  a n aircraft ,  th e representationa l  effec t 
coul d b e mor e pronounce d an d a  possibl e regressio n t o 
initia l  performanc e level s shoul d b e studied .  Anothe r 
issu e tha t  i s  wort h o f  furthe r  stud y i s  whethe r  th e 
converge d performanc e afte r  learnin g fo r  differen t 
representation s wil l  diverg e agai n unde r  extrem e 
condition s suc h a s hig h cognitiv e workloa d an d tim e 
pressure . 
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