
Direc t  Interactio n Representatio n o f  Cockp i t  Informatio n Displays : 

T h e Tradeof f  betwee n Interna l  a n d Externa l  Representation s 

Jiajie Zhang', Todd R. Johnson^, Johnny Chuah', & Kevin McGrory^ 
Departmen t  o f  Psychology ' 

Divisio n o f  Informatic s 
Departmen t  o f  Compute r  &  Informatio n Science ^ 

The Ohi o Stat e Universit y 
Columbus ,  O H 4321 0 

{Zhang.52,Johnson.25 ,  chuah.5 ,  mcgrory.l}@osu.ed u 

A larg e numbe r  o f  cockpi t  instruments ,  suc h a s aUimeter s 
and navigatio n displays ,  ar e informatio n display s tha t  serv e 
representationa l  functions .  I t  i s  commonl y know n tha t 
among a  certai n se t  o f  alternativ e display s tha t  represen t  th e 
same information ,  som e ca n b e bette r  tha n others .  Fo r 
example ,  som e type s o f  altimeter s (e.g. ,  tap e altimeter )  ar e 
more efficien t  tha n other s (e.g. ,  analo g altimeter )  fo r  certai n 
task s eve n i f  the y al l  represen t  th e sam e information — 
altitude .  Thi s representationa l  effect ,  tha t  differen t 
representation s o f  a  c o m m o n abstrac t  structur e ca n hav e 
differen t  representationa l  efficiencie s an d produc e differen t 
behaviora l  outcomes ,  i s th e centra l  issu e i n th e desig n o f 
efficien t  cockpi t  informatio n displays . 

Thi s stud y examine s th e representationa l  effec t  i n cockpi t 
informatio n display s from tiie  perspectiv e o f  distribute d 
representation s (Zhan g &  Norma n 1994 ;  Zhang ,  i n press) . 
The basi c ide a i s tha t  th e informatio n neede d fo r  man y task s 
i n a  cockpi t  i s  distribute d acros s th e externa l  informatio n 
display s o f  th e cockpi t  an d th e interna l  mind s o f  th e pilots . 
Withou t  th e interactiv e processin g o f  interna l  an d externa l 
information ,  man y cockpi t  task s canno t  b e accomplishe d 
(e.g. ,  Hutchins ,  1995 ;  Norman ,  1991 ,  1993) . 

The majo r  facto r  o f  a  display' s representationa l  efficienc y 
i s th e relativ e amoun t  o f  informatio n i n externa l 
representation s versu s tha t  i n interna l  representations .  Th e 
more informatio n i s  represente d externally ,  th e mor e 
efficien t  i s th e display .  Thi s i s becaus e externa l  informatio n 
i s processe d b y mor e efficien t  perceptua l  mechanisms , 
whic h requir e littl e o r  n o resource s o f  workin g memor y 
becaus e the y ar e usuall y direct ,  automatic ,  unconscious ,  an d 
parallel .  I n contrast ,  interna l  informatio n i s processe d b y 
les s efficien t  cognitiv e mechanisms ,  whic h requir e mor e 
workin g memor y resource s becaus e the y ar e usuall y 
indirect ,  controlled ,  conscious ,  an d sequential . 

Fiv e fiinctionall y equivalen t  bu t  representationall y 
differen t  navigatio n system s ar e analyze d i n term s o f  th e 
distributio n o f  informatio n neede d t o perfor m th e positio n 
fixing  tas k acros s interna l  an d externa l  representations .  Th e 
positio n fixing  tas k i s t o identif y th e aircraft' s  presen t 
positio n wit h respec t  t o th e earth' s surfac e b y a  latitud e an d 
longitud e o r  b y som e bearing s and/o r  range s from  on e o r 

more known ,  fixe d point s o n th e ground .  Fro m thi s analysis , 
an orde r  o f  representationa l  efficienc y wa s obtaine d fo r  th e 
five  systems :  th e mos t  efficien t  representatio n i s th e on e tha t 
has mos t  informatio n represente d i n externa l 
representations .  Th e mos t  efficien t  representatio n afford s 
directio n interactio n i n th e sens e tha t  peopl e ar e abl e t o 
spen d thei r  ful l  cognitiv e resource s o n th e task ,  no t  th e 
interface .  I n othe r  words ,  th e representatio n i s invisibl e bu t 
th e tas k i s transparen t  t o tas k performers . 

We ar e currentl y conductin g experiment s t o examin e 
people' s behavior s i n th e positio n fixing  tas k wit h differen t 
navigatio n systems .  W e ar e als o buildin g a n Act- R 
(Anderson ,  1993 )  base d computationa l  mode l  fo r  thes e 
navigatio n tasks .  Ou r  ultimat e goa l  fo r  thi s projec t  i s  t o 
develo p a  cognitiv e theor y an d a  computationa l  mode l  o f 
direc t  interaction . 
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