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We consider some of the functional differences between internal 

an d externa l  representations .  I n particular ,  w e argu e tha t  differen t 

knowledg e an d skill s  ca n b e brough t  t o bea r  o n externa l 

representation s tha n o n interna l  ones ;  tha t  externa l  representations , 

as non-intensiona l  entities ,  ar e ope n t o reinterpretatio n i n w a y s tha t 

interna l  representation s ar e not ;  an d tha t  on e ca n discove r  omission s 

fro m externa l  representation s tha t  canno t  b e foun d i n interna l 

representations ,  suggestin g tha t  attentio n i s deploye d differentl y i n 

thes e tw o cases .  W e conside r  severa l  implication s o f  thi s view , 

includin g th e advantage s t o b e gaine d b y externalizin g one' s thoughts , 

i.e .  b y writin g ou t  th e conten t  o f  menta l  proposition s o r  b y sketchin g 

th e conten t  o f  menta l  images . 

A vas t  amoun t  o f  cognitiv e scienc e i s concerne d wit h th e formatio n an d us e 

of  menta l  representations .  Thes e representation s m a y b e "distributed "  o r 

"symbolic; "  the y m a y b e "frames "  o r  "prototypes "  an d s o on .  Howeve r  w e 

conceiv e them ,  though ,  interna l  representation s indisputabl y pla y a n essentia l 

rol e i n cognition .  I n th e presen t  paper ,  I  wil l  argu e tha t  ther e i s als o a n 

immensel y importan t  functio n serve d b y externa l  representations .  Thi s 

functio n i s no t  limite d t o th e obviou s rol e tha t  externa l  representation s pla y 

i n communication :  T o conve y m y thought s t o you ,  I  mus t  translat e the m int o 

word s o r  pictures ;  yo u mus t  decod e thes e t o understan d m e .  Beyon d this , 

though ,  externa l  representation s als o serv e a n importan t  non-communicativ e 

function ,  i n th e examinatio n an d developmen t  o f  one' s o w n ideas .  A s w e wil l 

see ,  th e functio n o f  externa l  representation s derive s fro m th e particula r 

natur e o f  interna l  representations ,  and ,  i n fact ,  fro m th e limit s o f  interna l 

representations . 
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Externa l  representation s ar e ofte n use d a n a n aid e memo i r e o r  a s a n aid e 

pensee .  T h e scientis t  write s th e hypothesize d equation s o n th e blackboard ; 

th e artis t  sketche s th e lay-ou t  i n a  notebook .  Or ,  t o tak e a  rathe r  differen t 

case ,  I  spen t  s o m e month s contemplatin g th e content s o f  thi s pape r  befor e 

sittin g d o w n t o writ e it .  Ye t  m u c h o f  th e discover y an d developmen t  happene d 

onl y w h e n I  bega n t o write .  I  believ e thi s i s a  c o m m o n experienc e -  tha t 

translatin g one' s thought s int o word s ca n b e extremel y instructive ;  indeed ,  I 

wil l  tr y t o argu e tha t  s o m e o f  th e instructio n i s onl y possibl e onc e th e 

thought s ar e externalized . 

Before proceeding, it is worth noting the diversity of what we are calling 

externa l  representations .  T h e example s jus t  liste d includ e pictures ,  equation s 

o n a  blackboard ,  an d lon g papers ;  s o m e o f  thes e ar e symbolic ,  s o m e ar e 

depictive .  T h e s e ar e differen t  fro m eac h othe r  i n m a n y regards ,  and ,  fo r  m a n y 

purposes ,  ca n no t  b e groupe d together .  Nonetheless ,  I  wil l  trea t  the m a s 

interchangeabl e fo r  presen t  purposes .  Indeed ,  m u c h o f  th e evidenc e whic h 

inform s th e presen t  discussio n concern s a  singl e paradig m cas e -  th e 

contras t  betwee n menta l  image s a s interna l  representations ,  an d picture s a s 

externa l  ones .  T h e issu e o f  whethe r  w e ca n generaliz e fro m thi s cas e wil l  b e 

a centra l  t h e m e i n wha t  follows . 

There are of course some trivial reasons why it is helpful to externalize a 

thought .  Workin g m e m o r y i s limite d i n capacity ,  settin g boundarie s o n h o w 

m u ch informatio n ca n b e kep t  ready-at-hand .  T h u s on e ca n mentall y multipl y 

2-digi t  numbers ;  fo r  3 -  an d 4-digi t  numbers ,  on e use s a n externa l  ai d i n 

retainin g th e interi m results .  Thi s i s obviousl y importan t  w h e n contemplatin g 

th e lon g serie s o f  step s i n a  comple x argument ,  o r  th e m a n y facet s o f  a 

complicate d problem .  Additionally ,  thi s i s exacerbate d w h e n th e m e r e 

maintenanc e o f  th e interna l  representatio n itsel f  require s effort .  Kossly n 

(1980 ,  1983) ,  fo r  example ,  ha s argue d tha t  maintainin g a  menta l  imag e 

require s constan t  effort ,  a s part s o f  th e imag e "fade "  an d mus t  b e refreshed . 

Thi s potentiall y  set s limit s o n bot h th e m a x i m u m complexit y o f  menta l  image s 

an d th e kind s o f  effortfu l  operation s whic h ca n b e applie d t o a n image . 

These considerations of memory load and of effort are no doubt correct, but 

ther e i s n o reaso n t o believ e the y exhaus t  th e limitation s o f  interna l 
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representations .  T h e followin g section s describ e thre e other ,  mo r e 

interesting ,  w a y s tha t  externa l  representation s ca n enhanc e cognitiv e 

performance .  T o anticipat e th e argument ,  I  conside r  s o m e o f  th e w a y s i n 

whic h externa l  representation s ar e functionall y differen t  fro m interna l  ones , 

by virtu e o f  bein g ope n t o differen t  operations ,  an d b y tappin g differen t  skills . 

Sai d differently ,  w e wil l  conside r  th e functiona l  limitation s o f  interna l 

representations ,  an d so ,  b y contrast ,  th e advantage s o f  externa l 

representations .  Whil e ou r  stres s wil l  b e o n th e consequen t  benefit s o f 

externalizin g one' s thoughts ,  thi s perspectiv e als o ha s m a n y othe r 

implications ,  an d I  discus s s o m e o f  thes e i n th e fina l  section . 

Perceotual knowledge 

Ther e i s a  growin g bod y o f  evidenc e tha t  th e knowledg e t o whic h on e ha s 

consciou s acces s m a y b e interestingl y differen t  fro m th e knowledg e use d i n 

perceivin g o r  identifyin g object s i n th e world .  T o star t  wit h a  trivia l  case ,  a 

basebal l  outfielder' s perceptual  anticipatio n o f  a  flyball' s  trajector y m a y 

(implicitly )  requir e s o m e speed y calculus ;  th e player' s explicit ,  consciou s 

gras p o f  calculu s m a y b e fa r  les s sophisticated .  Figur e 1  illustrate s th e 

convers e case . 

r̂io r  fiCtUC t  OUT Mci v t d i W D ^  those-^kk / 
e^OUhiCBS A t  Ti^ D & ^ b . 
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Thi s importan t  distinctio n betwee n implicitl y  availabl e an d explicitl y 

availabl e knowledg e ha s recentl y surface d i n discussion s o f  "intuitiv e physics " 

(e.g .  McCloske y e t  al. ,  1980) .  Colleg e students '  explici t  judgment s abou t 

inerti a an d m o m e n t u m an d th e lik e s e e m systematicall y incorrect .  Eve n afte r 

a yea r  o f  trainin g i n physics ,  subject s s e e m t o hol d a n "impetu s theory " 

simila r  t o th e o n e rejecte d b y moder n scienc e ove r  4 0 0 year s ago . 

Remarkably ,  subject s m a k e prediction s whic h ar e clearl y contrar y t o thei r  tw o 

decade s o f  interactio n wit h th e world ,  predictin g (fo r  example )  anoma lou s 

trajectorie s differen t  fro m an y the y hav e see n i n thei r  lifetimes . 

Subjects fare far better, though, if we request an implicit judgment rather 

tha n a n explici t  one :  Rathe r  tha n askin g subject s t o predic t  a  motion ,  Proffit t 

an d Kaise r  (1986 )  s h o w e d subject s videotape s o f  actua l  motion s an d 

(simulated )  anoma lou s motions ,  an d aske d subject s whic h looke d correct .  I n 

thi s m o d e o f  test ,  subjects '  intuitiv e gras p o f  physic s s e e m s quit e good ,  a s 

the y reliabl y rejec t  anomalou s motion s i n thi s perceptua l  task .  Apparently , 

then ,  subject s hav e perceptua l  knowledg e abou t  motion s whic h exceed s thei r 

consciou s knowledge :  the y canno t  answe r  simpl e problems ,  bu t  the y d o k n o w 

what  "look s right. " 

In a different vein, Jacoby and others have repeatedly shown that conscious 

memor ie s ca n easil y b e dissociate d fro m perceptua l  learning .  Fo r  example , 

Jacob y an d Dalla s (1981 )  ha d subject s stud y a  word-list .  Afte r  a  24-hou r 

delay ,  subjects '  consciou s recognitio n o f  thes e word s w a s a t  near-chanc e 

levels .  However ,  i n a  tachistoscopic-recognitio n paradigm ,  subject s wer e 

twic e a s likel y t o identif y th e previousl y viewe d word s (compare d t o contro l 

words) .  More ,  differen t  variable s s e e m t o influenc e consciou s recognitio n an d 

perceptua l  identification ,  wit h dept h o f  processin g (fo r  example )  bein g 

critica l  fo r  th e forme r  bu t  irrelevan t  t o th e latter . 

In describing these data, Jacoby argues that prior exposure leads to 

"perceptua l  fluency. "  T h e fluenc y b y itsel f  doe s no t  ensur e tha t  th e ite m wil l 

b e "recognized "  a s familiar .  T h e recognitio n wil l  occu r  onl y i f  th e perceive r 

attribute s th e fluenc y t o th e relevan t  prio r  encounter .  I n th e absenc e o f  thi s 

attribution ,  th e ite m wil l  no t  b e acknowledge d a s (say )  bein g fro m th e 

previousl y viewe d list ,  but ,  eve n i n thi s case ,  th e perceptua l  fluenc y stil l  ha s 
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demonstrabl e effects :  th e ite m wil l  b e recognize d mor e readil y (Jacob y an d 

Dallas ,  1981) ,  m a y b e judge d a s mor e attractiv e i n appearanc e (Seamon ,  1981) , 

m ay b e judge d a s bein g m o r e "prominent "  (e.g .  i n a  judgmen t  o f  relativ e "fame " 

-  Jacoby ,  1 9 8 5 )  an d s o on .  Thu s w e ar e influence d b y perceptua l  fluenc y - -

thing s "loo k right "  o r  "loo k familiar "  -  eve n w h e n w e canno t  recal l  wha t  i s 

righ t  o r  attribut e th e familiarity .  I t  remain s a n ope n questio n whethe r  thi s 

perceptua l  knowledg e simpl y provide s a  mor e sensitiv e assessmen t  o f  wha t 

we know ,  o r  whether ,  mor e strongly ,  i t  i s  a  differen t  specie s o f  knowledge . 

O ne w a y o r  th e other ,  though ,  thes e identificatio n processe s s e e m t o b e 

privilege d wit h regar d t o variou s procedures ,  an d i t  i s  therefor e t o one' s 

advantag e t o b e abl e t o ta p thi s knowledge . 

The proposal, then, is that one benefit of external representations is that 

the y giv e u s acces s t o knowledg e an d skill s  whic h ar e otherwis e unavailabl e 

t o us .  Subject s i n th e "intuitiv e physics "  experiment s could ,  a t  leas t 

potentially ,  improv e thei r  performanc e b y actualizin g th e motion s the y ar e 

attemptin g t o judge ;  b y creatin g th e requisit e inpu t  fo r  accessin g perceptua l 

knowledge ,  tha t  knowledg e coul d b e employed .  Subject s i n Jacob y an d Dallas ' 

m e m o ry experiment s coul d likewis e emplo y a  specie s o f  th e "generat e an d 

test "  strateg y - -  generatin g candidat e m e m o r y items ,  an d the n respondin g o n 

th e basi s o f  th e fluenc y wit h whic h thes e ar e processed .  I f  thes e case s s e e m 

far-fetched ,  conside r  a  mor e familia r  case :  I n tryin g t o spel l  a  rarel y 

encountere d word ,  on e write s th e tw o possibl e spelling s ou t  o n a  piec e o f 

paper ,  the n judge s whic h "look s right. "  T h e suggestio n i s tha t  thi s i s a 

sensibl e strategy ,  tappin g th e s a m e skill s  i n perceptual  identificatio n whic h 

ar e eviden t  i n Jacoby' s procedures .  I t  i s  interestin g tha t  on e s e e m s unabl e t o 

deriv e th e s a m e benefi t  b y merel y thinkin g abou t  o r  imagin g th e alternat e 

spellings ;  i n thes e latte r  cases ,  on e ha s n o acces s t o th e perceptua l  skill .  O n e 

gain s acces s b y externalizin g th e representation ,  b y creatin g th e relevan t 

inpu t  fo r  th e perceptua l  process . 

This kind of claim is entirely consistent with (although does not rest on) 

curren t  claim s abou t  th e "modularity "  o f  cognitiv e functioning .  T h e thesi s o f 

modularit y i s tha t  separat e an d independen t  processe s ar e employe d b y variou s 

inpu t  an d outpu t  modules ;  thes e ar e inaccessibl e t o an d impenetrabl e b y th e 

centra l  processes .  Perceptua l  processe s ar e on e clea r  candidat e fo r  "modular " 

status ;  th e impenetrability ,  fo r  example ,  i s  eviden t  i n th e fac t  tha t  illusion s 
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remai n effectiv e eve n w h e n o n e k n o w s on e i s lookin g a t  a n illusion .  T h e 

inaccessibilit y  o f  thes e processe s i s eviden t  i n th e "unconscious, "  automati c 

statu s o f  m u c h perceptua l  "inference. "  T h e notio n here ,  however ,  i s  tha t  on e 

ca n i n a  sens e defea t  th e modularit y b y externalizin g one' s thoughts .  T o pu t 

thi s concretely ,  th e perceptio n modu l e "knows "  th e correc t  spellin g o f  a  word , 

but  on e canno t  directl y acces s thi s knowledge .  However ,  on e ca n offe r  th e 

perceptio n modu l e a  candidat e spellin g an d s o t o spea k lear n h o w th e modul e 

reacts .  I n thi s way ,  b y creatin g input s fo r  th e module ,  an d b y monitorin g th e 

module' s output ,  on e indirectl y gain s acces s t o th e specifi c  knowledg e o r 

skill s  inherin g i n th e module . 

The non-intensionalitv of external representations 

It  i s  extremel y importan t  tha t  externa l  representation s ar e bot h 

representation s an d als o thing s i n themselve s - -  in k mark s o n paper ,  acousti c 

signal s i n th e air .  T h u s th e representation s exis t  afte r  w e n o longe r  ar e 

thinkin g abou t  them ,  an d the y ar e ope n t o interpretatio n b y others ,  eve n i f  th e 

other s d o no t  k n o w th e inten t  wit h whic h th e representatio n w a s created . 

Indeed ,  eve n th e creato r  o f  th e representatio n ha s th e optio n o f  settin g hi s o r 

her  understandin g o f  i t  aside ,  returnin g s o t o spea k t o th e "ra w material, "  an d 

interpretin g i t  anew .  Thi s open s th e possibilit y  tha t  a  differen t  interpretatio n 

m ay b e reached ,  renderin g th e externa l  representatio n a t  leas t  potentiall y 

ambiguous . 

This potential for ambiguity is not present for internal representations, 

providin g a n importan t  functiona l  contras t  betwee n thes e an d externa l 

representations .  Thi s poin t  ca n b e illustrate d wit h a n exampl e draw n fro m ou r 

wor k wit h menta l  image s (Chamber s an d Reisberg ,  1985 ;  Reisber g an d 

C h a m b e r s ,  1987) .  M a n y hav e argue d tha t  menta l  image s ar e picture-lik e 

depictions ,  inherentl y ambiguous ,  an d i n nee d o f  interpretatio n (presumabl y 

vi a processe s relate d t o perception) .  I n contrast ,  ou r  clai m ha s bee n tha t 

menta l  images ,  a s menta l  representations ,  ar e inherentl y meaningful , 

representin g s o m e particula r  thin g o r  stat e o f  affairs .  Menta l  image s ar e thu s 

intensiona l  entities ,  e m b e d d e d i n a  particula r  contex t  o f  understanding ,  an d s o 

necessaril y  unambiguous . 

To test this claim, Chambers and Reisberg led subjects to encode some of 

th e classica l  "ambiguou s figures "  (e.g .  th e duck/rabbit ,  th e Necke r  cube ,  etc.) . 
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Subject s wer e the n aske d t o for m menta l  image s o f  thes e figures ,  an d t o 

examin e th e imag e fo r  a n alternativ e construa l  o f  th e form .  Subject s ha d 

previousl y receive d practic e an d instructio n wit h othe r  amb iguou s figures , 

but ,  critically ,  wer e naiv e t o th e tes t  figures .  I n addition ,  subject s we r e no t 

give n enoug h tim e a t  encodin g t o fin d bot h construal s o f  th e tes t  figures .  I n 

thes e ways ,  an y reconstrual s o f  th e imag e wil l  b e bonafid e "discoveries, " 

indicatin g tha t  image s ca n suppor t  reinterpretatio n an d s o ar e ambiguous . 

Across a variety of procedures, exactly zero subjects succeeded in 

reconstruin g thei r  images .  A n importan t  control ,  though ,  m a k e s clea r  th e 

contras t  betwee n interna l  an d externa l  representations .  Afte r  subject s ha d 

trie d (an d failed )  t o reconstru e thei r  image ,  the y wer e aske d t o dra w a  pictur e 

fro m th e image ,  an d the n t o attemp t  reconstrua l  o f  thei r  o w n drawing .  I n 

shar p contras t  t o th e imager y data ,  1 0 0 % o f  th e subject s wer e abl e t o 

reinterpre t  thei r  o w n drawings .  (Thes e drawing s wer e i n fac t  ambiguous ,  a s a 

n e w grou p o f  subject s w a s als o abl e t o fin d bot h construal s i n them. )  O n c e 

ther e w a s a  stimulu s o n th e scen e (eve n a  self-create d one) ,  subject s coul d 

set  asid e th e understandin g the y ha d i n min d i n creatin g th e stimulus ,  an d 

interpre t  i t  anew .  I n imagery ,  th e understandin g i s inheren t  i n th e 

representation ,  s o tha t  ther e simpl y i s n o representatio n separat e fro m th e 

understanding .  Wit h n o freestandin g ico n t o interpret ,  n o reinterpretatio n i s 

possible .  Consisten t  wit h this ,  ou r  broa d patter n o f  imager y dat a repeatedl y 

sho w clea r  boundarie s o n wha t  subject s ca n lear n fro m o r  discove r  i n thei r 

menta l  images .  Discoverie s easil y occu r  w h e n thes e ar e consisten t  wit h th e 

way a n imag e i s understood .  Discoverie s whic h requir e a  chang e i n th e image' s 

understandin g s e e m rigidl y impossible .  W h e n subject s dra w picture s o f  thei r 

images ,  though ,  ther e i s a  stimulu s t o b e interpreted ,  an d reinterpretation s 

ar e routinel y possible . 

While the empirical content of this work has focused on imagery, I believe 

tha t  th e lesso n i s a  genera l  one .  A s lon g a s idea s ar e internall y represented , 

the y exis t  onl y vi a a  certai n contex t  o f  understanding ,  s o ther e ca n b e neithe r 

doub t  no r  ambiguit y abou t  wha t  i s intended .  I f  I  believ e I  a m thinkin g abou t 

(say )  crocodiles ,  the n I  a m .  I t  m a y tur n ou t  tha t  I  k n o w ver y littl e abou t 

crocodiles ,  o r  I  m a y late r  o n discove r  tha t  m y knowledg e abou t  crocodile s i s 

instea d tru e o f  alligators .  But ,  a t  th e m o m e n t  o f  havin g th e thought ,  i f  I 

understan d i t  a s bein g abou t  crocodiles ,  the n i t  i s  abou t  crocodiles ,  becaus e i t 
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i s  onl y throug h m y understandin g o f  i t  tha t  th e though t  ha s an y definitio n a t 

all .  Thi s i s obviousl y o f  functiona l  importance ,  sinc e i t  entail s (amon g othe r 

things )  tha t  "lapse s o f  communication "  canno t  happe n withi n thought .  A t  th e 

s a me time ,  though ,  i t  m a y plac e limit s o n thought ,  especiall y i f  o n e i s lookin g 

fo r  a  nove l  interpretatio n o f  a  prio r  conception . 

I believe that this is what is at stake when one tries to evaluate one's own 

idea s b y "distancing "  o r  "detaching "  onesel f  fro m them .  O n e need s t o lear n h o w 

wel l  th e ide a fare s outsid e o f  th e contex t  i n whic h i t  w a s created ,  a w a y fro m 

th e implici t  assumption s whic h m a y hav e accompanie d it ,  divorce d fro m th e 

specifi c  construal s o r  e m p h a s e s on e initiall y  ha d i n mind .  O n e likewis e need s 

t o discove r  i f  understanding s whic h accompanie d th e ide a wer e essentia l 

corollaries ,  o r  gratuitou s associations .  T o achiev e al l  this ,  on e need s t o 

preserv e wha t  i s centra l  i n th e ide a whil e changin g a s m u c h a s possibl e abou t 

th e menta l  context .  O n e importan t  w a y t o achiev e thi s i s b y externalizin g th e 

idea ,  s o tha t  ther e i s somethin g t o b e interprete d o r  reinterprete d onc e one' s 

perspectiv e ha s changed . 

I do not wish to imply that this reinterpretation will be easily achieved. It 

i s  ofte n difficul t  t o chang e one' s initia l  understandin g o f  a n externa l 

representation .  I n th e cas e o f  ambiguou s geometri c figures ,  fo r  example , 

reinterpretatio n require s foreknowledg e tha t  th e figur e i s i n fac t  ambiguou s 

(Girgu s e t  al. ,  1977) ;  reinterpretation s ar e delaye d i f  on e i s prevente d fro m 

concentratin g o n th e figur e (Reisberg ,  1983 ;  Reisber g an d O'Shaughnessy , 

1984) .  Reisber g an d O'Shaughness y argu e tha t  thes e difficultie s lie ,  no t  i n 

findin g a  n e w construal ,  bu t  i n oustin g th e old ,  i n subvertin g th e processe s 

whic h maintai n th e stimulus' s interpretation .  B e tha t  a s i t  m a y , 

interpretatio n i s possible :  stimul i  ca n b e ambiguou s eve n i f  menta l 

representation s cannot .  Hence ,  on e ca n lear n b y turnin g one' s representation s 

int o stimul i  - -  i.e .  b y externalizin g them . 

Discovering omissions 

O ur  fina l  distinctio n betwee n interna l  an d externa l  representation s i s th e 

one ,  I  believe ,  wit h broades t  applicability .  Interna l  representation s ofte n 

strik e u s a s bein g ric h an d detailed ,  bu t  th e detai l  i s  uneven :  Aspect s o f  th e 

representatio n whic h ar e attende d wil l  b e elaborated ;  aspect s whic h ar e no t 

attende d wil l  b e undetaile d an d vague .  I t  i s  unclea r  whethe r  th e attentio n 
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create s th e detai l  o r  vic e versa ,  but ,  i n eithe r  case ,  thi s co-occurrenc e ofte n 

cause s u s t o b e surprise d w h e n th e area s o f  vaguenes s ar e discovered .  A s lon g 

as the y ar e unattended ,  th e omission s fro m th e representatio n ca n remai n 

unnoticed . 

Once again, our principal example comes from imagery. Even the most vivid 

of  image s omit s myria d details ,  ofte n detail s tha t  s e e m central .  Ther e ha s 

bee n considerabl e discussio n i n th e philosoph y literatur e o f  th e fac t  tha t  th e 

image d tige r  m a y hav e a n indeterminat e numbe r  o f  stripe s (e.g .  Dennett ,  1981 ; 

Fodor ,  1981) .  O n e can ,  i f  on e chooses ,  imag e thre e o r  eigh t  o r  howeve r  m a n y 

stripes .  If ,  however ,  on e simpl y image s a  tiger ,  th e numbe r  o f  stripe s m a y b e 

unspecified ,  an d thi s indeterminac y ca n easil y b e overlooked . 

This omission from the image can be discovered in various ways. As a 

simpl e extreme ,  on e ca n as k th e image r  t o coun t  th e tiger' s stripes ;  th e image r 

wil l  typicall y registe r  surpris e a t  his/he r  inabilit y  t o d o this .  A s a  mor e 

sophisticate d variatio n o f  this ,  on e ca n challeng e subject s t o for m a n imag e o f 

a wor d (e.g .  "pumpkin" )  an d the n t o rea d of f  th e letter s o f  thi s wor d backwar d 

(n-i-k-p...) .  (Cf .  Morri s an d H a m p s o n ,  1983 ,  pp .  221-223. )  T o thei r  surprise , 

subject s fin d thi s reasonabl y difficult ,  eve n w h e n th e image d wor d w a s 

subjectivel y quit e clea r  an d vivid .  Apparently ,  then ,  th e imag e i s appreciabl y 

les s clea r  tha n th e correspondin g pictur e (fro m whic h th e letter s ca n easil y b e 

read) ,  and ,  importantly ,  appreciabl y les s complet e tha n th e subject s 

themselve s ha d believed . 

A final example brings us back to our theme: It is a common experience 

tha t  eve n i f  on e ha s a  ver y clea r  imag e i n mind ,  i t  i s  nonetheles s difficul t  t o 

"copy "  th e imag e ont o a  drawing .  I n part ,  i t  s e e m s difficul t  simpl y t o 

reproduc e th e contour s "see n clearly "  b y th e mind' s eye .  M o r e important ,  o n e 

discover s i n th e proces s o f  drawin g tha t  s o m e aspect s wer e simpl y absen t 

fro m th e image .  Fo r  example ,  on e firs t  image s a  horse ,  the n attempt s t o dra w 

thi s image .  Fo r  mos t  o f  us ,  i t  i s  ver y har d t o dra w th e horse' s knees ;  t o us e 

Joh n Kennedy' s description ,  th e picture d hors e ofte n end s u p lookin g a s i f  i t 

wer e wearin g pajamas ,  an d th e pictur e look s clearl y anomalous .  T h e initia l 

image ,  though ,  di d no t  loo k a t  al l  anomalou s ~  on e m a y hav e omitte d th e knee s 

fro m th e imag e (if ,  fo r  example ,  on e ha s n o ide a abou t  h o w thes e look) ,  but ,  a s 

lon g a s attentio n i s elsewhere ,  th e omissio n i s consistentl y overlooked . 
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Ther e ar e probabl y severa l  reason s w h y externalizin g th e imag e lead s t o 

th e discover y o f  omissions .  Afte r  all ,  o n e coul d i n principl e appl y th e s a m e 

selectiv e filte r  t o th e drawin g a s t o th e imag e (atten d onl y t o th e nos e o f  th e 

picture d horse ,  no t  it s  knees) ,  an d s o discove r  nothin g new .  O n e reaso n thi s 

doe s no t  occu r  i s th e productio n proces s itself :  A t  s o m e point ,  one' s pe n mus t 

nea r  th e horse' s knees ,  an d the n th e contou r  mus t  b e deal t  with ,  no t  ignored . 

At  thi s point ,  on e wil l  immediatel y realiz e th e absenc e o f  an y clea r  ide a abou t 

jus t  h o w th e horse' s knee s shoul d look .  I n addition ,  i t  s e e m s possibl e tha t  th e 

contro l  processe s fo r  attentio n t o stimul i  m a y no t  b e th e s a m e a s thos e fo r 

menta l  representations .  I n th e forme r  case ,  on e ca n easil y allocat e attentio n 

spatially :  I  wil l  atten d t o th e drawing' s lower-righ t  corner ,  o r  t o th e globa l 

contour ,  etc .  Thi s m a y b e mor e difficul t  o r  perhap s jus t  les s likel y wit h 

interna l  representations .  I n thi s case ,  attentio n s e e m s governe d b y somethin g 

lik e a  content-addressin g system ,  s o tha t  on e focuse s m o r e easil y o n specifie d 

target s o r  aspects ,  rathe r  tha n o n whatever-is-in-region-X .  Thi s certainl y 

woul d fi t  wit h ou r  clai m abov e tha t  image s ar e intensiona l  entities ,  an d no t 

depiction s t o b e effortlessl y reparse d int o arbitrar y spatia l  regions . 

As before, while our illustrations for this point have been drawn from 

imagery ,  I  believ e th e p h e n o m e n o n t o b e a  genera l  one .  I n thinkin g throug h a 

verba l  argument ,  fo r  example ,  on e attend s t o wha t  i s included ,  an d no t  t o th e 

gaps ;  thu s th e gap s ar e overlooked .  I t  i s  onl y i n explicitl y  an d externall y 

spellin g ou t  th e argumen t  tha t  th e gap s ar e discovere d an d th e vaguenesse s 

unveiled . 

Conclusions and implications 

O ur  prio r  dat a hav e pointe d t o clea r  difference s betwee n image s an d 

pictures ;  w e hav e discusse d s o m e o f  th e consequen t  advantage s o f 

externalizin g images .  T h e attemp t  t o generaliz e beyon d thes e data ,  a t  leas t 

fo r  now ,  obviousl y rest s m o r e o n conjectur e tha n o n har d evidence .  O n e poin t 

of  thi s paper ,  then ,  ha s bee n t o argu e tha t  thi s evidenc e i s wort h gathering ,  i n 

addition ,  thi s researc h i s obviousl y relevan t  t o th e psycholog y o f  instructio n 

an d th e psycholog y o f  discovery .  Give n curren t  interes t  i n thes e topic s (e.g . 

Glase r  an d Takanishi ,  1986 ;  Gruber ,  1974 ;  T w e n e y e t  al. ,  1981) ,  thi s b y itsel f 

motivate s thi s kin d o f  inquiry .  Finally ,  thi s attemp t  t o contras t  interna l  an d 

externa l  representation s wil l  inevitabl y sharpe n ou r  understandin g o f  each , 
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agai n a n ai m o f  s o m e importanc e withi n cognitiv e science . 

For the moment, therefore, the worth of this perspective rises or falls on 

th e richnes s o f  it s  se t  o f  implications ,  an d no t  o n th e strengt h o f  it s  empirica l 

base .  I n additio n t o th e implication s w e hav e mentioned ,  conside r  th e fac t 

tha t  m u c h wor k i n artificia l  intelligenc e ha s sough t  t o segregat e th e problem s 

of  intelligenc e an d machin e vision .  Thi s i s obviousl y consisten t  wit h curren t 

claim s abou t  modularity ,  but ,  i f  I  a m right ,  i t  i s  i n s o m e w a y s a n unwis e 

strategy .  T o tak e jus t  on e salien t  case ,  w e k n o w tha t  Darwi n sketche d a  grea t 

dea l  i n hi s notebook s (cf .  Gruber ,  1974) ;  ou r  suggestio n i s tha t  thes e sketche s 

m ay hav e bee n cause s o f  hi s insight s a s m u c h a s expression s o f  them .  Curren t 

"unseeing "  model s o f  discovery ,  therefore ,  (e.g .  Bradsha w e t  al. ,  1983 )  migh t 

fo r  thi s reaso n exemplif y th e wron g w a y o f  conceivin g thi s achievement . 

Or, to indulge in one last conjecture, we know that humans have created 

decorativ e art s sinc e th e beginning s o f  ou r  evolutio n a s a  species .  M a n y hav e 

speculate d abou t  th e cultura l  o r  psychologica l  cause s whic h m a y underli e thi s 

urg e t o decorat e (e.g .  Arnheim ,  1971 ;  Festinger ,  1984 ;  Gombrich ,  1960) .  O u r 

perspectiv e suggest s a t  leas t  on e possibl e factor :  H u m a n s m a y hav e 

discovere d earl y o n th e advantage s o f  drawin g rathe r  tha n imaging ,  o f  thinkin g 

out  loud ,  s o t o speak ,  rathe r  tha n thinkin g t o oneself .  Thes e advantage d o f 

externalizin g fo r  variou s form s o f  problem-solvin g m a y b e on e elemen t  whic h 

encourage d an d maintaine d th e developmen t  o f  decorativ e art . 

Much of this paper has aimed at motivating questions about external 

representation s a s aid s t o thought .  I t  s e e m s importan t  t o close ,  therefore , 

wit h on e o f  th e critica l  an d earl y question s tha t  ha s t o b e asked ,  namely ,  wha t 

JS a n externa l  representation ? B y thi s I  d o no t  m e a n t o as k wha t  i s a 

representatio n a t  all .  Instead ,  ou r  concer n lie s wit h wha t  i t  i s  tha t 

distinguishe s interna l  fro m externa l  representations .  I  hav e employe d 

straightfonrt/ar d example s her e (e.g .  menta l  image s vs .  pictures )  bu t  ther e ar e 

m a ny les s clea r  cases .  A n exampl e wil l  illustrat e thi s point :  Reisber g e t  al . 

(1987 )  aske d subject s eithe r  t o liste n t o o r  (i n othe r  conditions )  t o imag e a n 

ambiguou s auditor y stimulus .  Tha t  is ,  th e stimulu s (rapi d repetition s o f  th e 

wor d "stress" )  coul d b e parse d a s eithe r  repetition s o f  "stress "  o r  o f  "dress "  o r 

of  "rest "  o r  "tress. "  W h e n subject s hear d thi s stimulus ,  the y easil y discovere d 

th e variou s construals .  W h e n subject s imaoe d th e soundstream ,  th e result s 

depende d o n whethe r  additiona l  step s wer e take n t o bloc k subvocalization . 
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Withou t  subvocalizatio n (e.g .  i f  subject s image d whil e chewin g a  larg e piec e 

of  candy) ,  th e result s follo w th e patter n o f  ou r  dat a wit h visua l  imagery : 

subject s reliabl y fai l  t o reconstru e th e auditor y image .  Wit h subvocalizatio n 

(e.g .  n o candy) ,  though ,  subject s d o discove r  th e alternativ e interpretation s o f 

th e Image .  Reisber g e t  al .  argu e tha t  thi s i s becaus e subvocalizatio n create s a 

stimulus ,  i n thi s cas e a n articulator y event .  Thi s articulator y stimulus ,  a s a n 

"external "  representation ,  i s  the n subjec t  t o interpretatio n an d wil l  suppor t 

reinterpretation .  Note ,  therefore ,  th e possibilit y  o f  cover t  externa l 

representations .  I n fact ,  whil e I  hav e use d th e ter m "externa l  representation " 

throughou t  thi s paper ,  th e relevant ,  non-intensional ,  stimulu s even t  nee d no t 

b e literall y external .  I  a m nonetheles s incline d t o retai n th e 

"internarrexternal "  terminolog y (fo r  expositor y ease) ,  bu t  n o w th e proble m o f 

definitio n i s i n plai n view .  I n addition ,  i n thi s pape r  I  hav e suggeste d several 

empirica l  propertie s o f  externa l  representation ,  wit h regar d t o perception ,  o r 

t o ambiguity ,  o r  t o controllin g attention ,  bu t  thes e propertie s m a y no t  b e 

co-extensive .  Give n al l  this ,  I  a m reluctan t  t o stipulat e a  definition .  Instead , 

thes e propertie s o f  representation s nee d t o b e assesse d empirically .  Thi s i s 

exactl y wha t  w e hav e trie d t o d o i n ou r  wor k wit h imagery ;  a  majo r  purpos e o f 

thi s pape r  ha s bee n t o r e c o m m e n d a  broadenin g o f  thi s effort . 
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