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W h i t h e r  Representation ? 

Mark H. Bickhard* (mhbO@lehigh.edu) 
Cognitiv e Scienc e 

17 Memoria l  Driv e Eas t 
Lehig h Universit y 

Bethlehem ,  P A 1801 5 

Abstrac t 
Cognitiv e Scienc e i s founde d o n notion s o f  representation , 
and shift s i n model s o f  representatio n hav e constitute d th e 
majo r  interna l  revolution s i n th e field.  Symbo l  Syste m an d 
relate d conception s wer e lon g dominant ,  bu t  th e frontier s 
passe d first  t o connectionis m an d mor e recentl y t o 
autonomou s agen t  orientations .  I n spit e o f  it s foundationa l 
role ,  representatio n ha s neve r  receive d a  consensua l  o r 
adequat e characterizatio n withi n cognitiv e science .  Thi s i s 
not  surprising ,  give n tha t  millenni a o f  effor t  i n philosoph y 
hav e als o faile d t o achiev e consensu s o r  adequacy ,  bu t  th e 
situatio n nevertheles s constitute s somethin g o f  a  scanda l  o r 
impass e i n a  field  i n whic h representatio n i s s o central .  Mor e 
recently ,  worker s i n dynamicis t  an d utonomou s agen t 
approache s hav e argue d tha t  representatio n i s no t  eve n a 
usefu l  notion .  I  argu e tha t  thi s confusio n an d impass e 
oncemin g representatio n i s du e t o a  fundamenta l 
misconceptio n abou t  th e natur e o f  representation ,  an d offe r  a n 
alternativ e model . 

Cognitive Science is founded on notions of representation 
(Gardner ,  1987) ,  an d shift s i n model s o f  representatio n hav e 
constitute d th e majo r  interna l  revolution s i n th e field. 
Symbol  Syste m an d relate d conception s (Newell ,  1980 ) 
wer e lon g dominant ,  bu t  th e frontier s passe d firs t  t o 
connectionis m an d mor e recentl y t o autonomou s agen t 
orientation s (Bickhar d &  Terveen ,  1995 ;  Clark ,  1997 ;  Maes , 
1990) .  I n spit e o f  it s foundationa l  role ,  representatio n ha s 
neve r  receive d a  consensua l  o r  adequat e characterizatio n 
withi n cognitiv e science .  Thi s i s no t  surprising ,  give n tha t 
millenni a o f  effor t  i n philosoph y hav e als o faile d t o achiev e 
consensu s o r  adequacy ,  bu t  th e situatio n nevertheles s 
constitute s somethin g o f  a  scanda l  o r  impass e i n a  field  i n 
whic h representatio n i s s o central .  Standar d name s fo r  thi s 
impass e hav e eve n becom e c o m m o n ,  suc h a s "th e empt y 
symbo l  problem. " 

I n recen t  wor k i n robotic s an d autonomou s agents ,  th e 
ver y notio n an d usefulnes s o f  representatio n ha s c o m e unde r 
attack ,  wit h som e arguin g tha t  representatio n i s a n 
unnecessar y an d misleadin g conceptio n tha t  woul d b e bette r 
Jettisoned .  Gettin g th e dynamic s righ t  i s  th e fundamenta l 
criterion ,  s o th e argumen t  goes ,  an d representatio n i s jus t 
th e wron g notio n t o b e helpfu l  i n accomplishin g tha t  (Beer , 
1990 ,  1995 ;  Brooks ,  1990 ,  1991a ,  1991b ,  1991c ;  N e h m z o w 
& Smithers ,  1991 ,  1992 ;  Pfeife r  &  Verschure ,  1992a , 
1992b ;  Por t  &  va n Gelder ,  1995) .  Suc h a  position ,  o f 
course ,  i s  no t  itsel f  consensual ,  eve n a m o n g contemporar y 
dynamicist s an d roboticists ,  bu t  tha t  suc h a  rejectio n o f 
representatio n i s on e o f  th e majo r  position s i n th e curren t 
frontier s o f  cognitiv e scienc e i s a t  leas t  a  bi t  ironic ,  an d i t 

lead s t o th e obviou s question :  wher e shoul d model s o f 
representatio n g o next ? 

I  hav e a n answe r  t o tha t  question ,  an d a n argumen t  fo r 
tha t  answe r  tha t  I  wil l  adumbrat e i n thi s paper . 

A Diagnosis 

W h en proposin g a  resolutio n o f  a  problem ,  i t  ca n b e usefu l 
t o hav e a  diagnosi s o f  tha t  problem .  I  hav e argue d tha t  th e 
impass e wit h respec t  t o adequat e model s o f  representatio n i s 
du e t o a  venerabl e erro r  i n assumption s abou t  th e natur e o f 
representatio n (Bickhard ,  1980 ,  1993 ,  1996 ;  Bickhar d & 
Terveen ,  1995) .  Ther e is ,  i n fact ,  a n entir e famil y o f  relate d 
arguments ,  som e o f  ancien t  provenance ,  som e discovere d 
jus t  recently .  Fo r  curren t  purposes ,  I  wil l  focu s o n on e slic e 
throug h thes e arguments . 

Th e empt y symbo l  proble m refer s t o th e fac t  tha t  standar d 
symbol s ar e empt y o f  content—representationa l  content . 
Conten t  i s wha t  specifies ,  fo r  a  conten t  understander ,  wha t 
th e representatio n i s  suppose d t o represent—tha t  thi s 
symbo l  represent s dogs ,  say ,  an d no t  cats .  I n tha t  sense , 
standar d symbol s ar e symbol s onl y i n th e forma l  sens e tha t 
ther e i s a  wa y o f  causall y differentiatin g token s int o types . 
Thi s i s obviousl y no t  problemati c i n th e case ,  fo r  example , 
of  differentiatin g bi t  pattern s int o thei r  respectiv e patter n 
categories .  I n no t  havin g content ,  however ,  the y ar e i n fac t 
not  genuin e representation s a t  all ,  and ,  thus ,  no t  symbol s i n 
any ordinar y sens e o f  th e term .  Th e problem ,  then ,  i s on e o f 
accountin g fo r  representationa l  conten t  (Coffa ,  1991) . 

Furthermore ,  conten t  i s a  syste m relativ e notion ,  an d no t 
an y syste m relativ e conten t  wil l  due .  I n particular ,  huma n 
being s hav e n o in-principl e difficult y i n understandin g 
printe d word s an d sentence s a s havin g content ,  and ,  fo r  tha t 
matter ,  i t  i s  a  practica l  headache ,  bu t  no t  a n in-principl e 
problem ,  fo r  human s t o understan d conten t  fo r  bi t  patterns . 
Th e impass e i s  wit h regar d t o modeling ,  an d constructing , 
organism s an d machine s tha t  hav e conten t  fo r  themselves . 
Th e impass e i s i n providin g a  naturalisti c accoun t  o f 
content ,  on e tha t  doe s no t  simpl y pas s th e proble m of f  t o 
some othe r  conten t  understandin g syste m o r  conten t 
providin g source ,  suc h a s a  h u m a n use r  o r  designer . 

Representatio n i s normall y considere d t o b e constitute d a s 
some sor t  o f  correspondenc e betwee n th e representatio n an d 
whateve r  i t  i s  tha t  i s  t o b e represented .  Thes e 
correspondence s ar e variousl y considere d t o b e causa l  i n 
nature ,  o r  lawful ,  o r  informational ,  o r  isomorphic ,  bu t 
althoug h suc h a  correspondenc e approac h i s  almos t 
universal ,  i t  ha s encountere d dee p problem s (Bickhard , 
1993 ;  Bickhar d &  Terveen ,  1995 ;  Fodor ,  1987 ,  1990a , 
1990b ;  Loewe r  &  Rey ,  1991 ;  Shanon ,  1993) .  O n e clas s o f 
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problem s i s tha t  suc h correspondence s ar e ubiquitous ,  an d 
most  o f  the m ar e clearl y no t  representational .  Ever y lawfu l 
connectio n i n th e univers e create s a n instanc e o f  som e suc h 
correspondence .  Th e standar d assumptio n i s tha t  th e clas s 
of  correspondence s ha s t o b e narrowe d furthe r  s o m e h o w — 
tha t  correspondenc e i s necessary ,  bu t  no t  suflicicn t  t o 
representation—an d furthe r  criteri a ar e sough t  tha t  wil l 
refin e th e clas s o f  correspondence s int o thos e tha t  ar e i n fac t 
representational . 

Ther e i s suc h a  criterion ,  but ,  unfortunately ,  i t  doe s no t 
solv e th e problem .  Th e poin t  i s  tha t  ther e ar e som e 
representation s tha t  ar e constitute d a s correspondences ,  an d 
examinin g the m yield s a n eas y criterion ,  bu t  tha t  criterio n i s 
of  n o help .  A n exampl e i s Mors e code :  pattern s o f  dot s an d 
dashe s correspon d to—encode—variou s character s an d 
numerals ,  an d thereb y constitut e representation s o f  them . 
But  suc h encodin g system s depen d o n thei r  user s alread y 
knowing—representing—th e do t  an d das h patterns ,  alread y 
knowin g th e character s an d numerals ,  an d alread y knowin g 
th e correspondence s betwee n them .  Th e proble m o f 
representation ,  thus ,  i s  massivel y presuppose d b y suc h 
encodings .  I t  i s  no t  solved .  Naturall y occurrin g 
"encodings "  avoi d th e conventionalit y o f  Mors e code ,  bu t 
do no t  ad d an y additiona l  modelin g benefits :  a n instanc e o f 
smoke "represents "  a  fire ,  a  neuu-in o flux  "represents " 
fusio n processe s i n th e sun ,  onl y t o someon e w h o alread y 
has al l  o f  th e relevan t  representations . 

To b e sure ,  ne w knowledg e ca n b e gaine d vi a suc h 
genuin e encodings—tha t  i s wha t  telegraph s ar e for ,  an d tha t 
i s wh y peopl e construc t  neutrin o detectors .  Bu t  wha t  canno t 
be don e i s t o generat e ne w encoding s pe r  se ,  ne w 
representationa l  content .  Th e existenc e an d th e us e o f 
encoding s presuppose s al l  o f  th e basi c representationa l 
issues .  Becaus e standar d correspondenc e approache s t o 
representatio n assum e tha t  correspondence s wil l  creat e 
some kin d o f  a n encoding ,  sometime s explicitl y  usin g th e 
term ,  sometime s not ,  I  hav e calle d suc h approache s 
"encodingism" .  I t  i s  th e assumptio n o r  presuppositio n tha t 
al l  representatio n ha s th e characte r  o f  encodings .  I t  canno t 
be correc t  because ,  althoug h genuin e encoding s hav e 
representationa l  content ,  the y hav e conten t  onl y b y virtu e o f 
th e encoding-use r  alread y knowin g wha t  tha t  conten t  i s t o 
be.  Encoding s canno t  b e th e fundamenta l  for m o f 
representatio n (Bickhard ,  1980 ,  1993 ;  Bickhar d &  Terveen , 
1995) . 

I n orde r  fo r  correspondence s t o constitut e representations , 
the y hav e t o hav e content ,  an d correspondence s d o no t 
constitut e no r  provid e content .  Conten t  ha s t o c o m e fro m 
somewher e else .  Conventiona l  encodings ,  suc h a s Mors e 
code ,  obtai n conten t  vi a definition .  Do t  an d das h pattern s 
ar e define d a s encodin g character s an d numerals .  Bu t  suc h 
definition s succee d onl y becaus e th e character s an d 
numeral s use d t o defin e th e do t  an d das h pattern s ar e 
themselve s alread y representational .  The y alread y hav e 
conten t  fo r  th e huma n learnin g th e code ,  an d the y provid e 
tha t  conten t  t o th e define d pattern .  Again ,  conten t  i s no t 
accounte d for ,  bu t  merel y presumed . 

I f  conten t  ha s t o c o m e fro m somewhere ,  an d i f 
correspondence s pe r  s e canno t  provid e it ,  the n wher e coul d 
i t  com e from ? Fodor' s argumen t  fo r  radica l  innatis m 

(Fodor ,  1981 )  turn s o n thi s issu e (Bickhard ,  1991 )  an d 
conclude s tha t  al l  basi c content s mus t  b e innate—ther e i s n o 
accoun t  o f  h o w the y coul d b e learne d o r  developed .  Bu t 
Fodor' s argumen t  turn s o n a  logica l  point ,  tha t  conten t  mus t 
be provide d fro m som e source ,  an d tha t  constraint ,  i f  i t 
hold s a t  all ,  hold s jus t  a s strongl y fo r  evolutio n a s i t  doe s fo r 
learnin g an d development .  I f  conten t  ha s t o c o m e fro m 
somewhere ,  fro m wher e di d evolutio n ge t  it ? 

Th e assumptio n tha t  conten t  mus t  com e fro m somewher e 
canno t  b e correct .  Ther e wa s n o representationa l  conten t  a t 
th e m o m e n t  o f  th e Bi g Bang ,  an d ther e i s now .  Conten t  ha s 
t o hav e emerged .  W e hav e n o consensua l  accoun t  o f 
conten t  emergence ,  bu t  tha t  i s  wha t  i s required .  Th e abov e 
arguments ,  plu s th e m u c h large r  famil y o f  whic h the y ar e a 
part ,  urge s tha t  n o suc h accoun t  i s possibl e o n standar d 
approaches ,  and ,  therefore ,  tha t  som e alternativ e conceptio n 
of  representatio n i s neede d i n orde r  t o b e abl e t o mode l  th e 
emergenc e o f  representationa l  content .  I  wil l  n o w tur n t o 
suc h a n alternative . 

Interactive Representation 

Ther e i s n o actio n i n th e typica l  encodin g stor y o f 
representation .  I f  th e relevan t  syste m engage s i n 
interaction ,  tha t  i s .secondar y t o th e natur e an d existenc e o f 
th e representation s tha t  migh t  pla y a  rol e i n selectin g o r 
guidin g thos e interactions .  Abou t  a  hundre d year s ago , 
however ,  an d i n contras t  t o th e millenni a o f  correspondenc e 
approaches ,  Peirc e introduce d th e possibilit y  o f  a n actio n 
base d framewor k fo r  understandin g th e mind ,  includin g 
representatio n (Joas ,  1993 ;  Rosenthal ,  1983) .  I  wil l  no t 
argu e th e specific s o f  Peirce' s models ,  becaus e I  thin k h e 
got  i t  wron g m th e details ,  but ,  nevertheless ,  I  a m proposin g 
an actio n based ,  a  pragmatic ,  mode l  o f  representation . 

Conside r  a n interactiv e agen t  face d wit h th e proble m o f 
choosin g a  nex t  action .  I n simpl e cases ,  tha t  "choice "  m a y 
be a  simpl e trigge r  base d o n curren t  syste m stat e an d curren t 
input ,  but ,  i n mor e comple x cases ,  mer e triggerin g wil l  no t 
do (Bickhar d &  Terveen ,  1995) .  Th e basi c poin t  i s  tha t 
triggerin g require s mor e reliabilit y  abou t  th e 
appropriatenes s o f  wha t  i s triggere d tha n ca n b e assure d i n 
al l  cases .  W h e n triggerin g i s no t  sufficient ,  a  riche r 
resourc e fo r  actio n selectio n i s th e indicatio n withi n th e 
syste m o f  th e anticipate d interna l  outcome s o f  variou s 
actions ,  shoul d thos e action s i n fac t  b e execute d (unde r 
thes e conditions )  Wit h suc h indication s o f  futur e 
potentialities ,  th e syste m ca n bot h selec t  action s wit h 
anticipate d desirabl e outcomes ,  an d ca n chec k internall y t o 
fin d ou t  i f  thos e anticipate d outcome s di d i n fac t  occu r  onc e 
th e interactio n i s over . 

I f  the y di d no t  occur ,  the n severa l  kind s o f  option s ca n b e 
present :  d o th e interactio n again ,  d o som e differen t 
interaction ,  engag e i n proble m solving ,  initiat e learnin g 
processes .  Th e critica l  poin t  her e i s tha t  th e failur e o f  th e 
indicate d outcom e t o obtai n serve s a s erro r  information ,  an d 
erro r  informatio n ca n guid e an d initiat e man y othe r  kind s o f 
processes .  Mer e triggerin g doe s no t  generat e (i n itself )  erro r 
feedbac k (se e Bickhar d &  Terveen ,  1995 ,  fo r  a  discussio n o f 
built-i n erro r  feedbac k suc h a s pain) . 

I  clai m tha t  thi s m u c h alread y provide s a  mode l  o f  th e 
emergenc e o f  primitiv e representation .  Furthe r  analysi s i s 
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require d t o sho w i n wha t  sens e tha t  i s  true ,  an d i t  i s  certainl y 

a primitiv e form ,  s o turthe r  modelin g i s require d t o accoun t 
fo r  les s primitiv e representation .  Nevertheless ,  suc h 
indication s o f  furthe r  interactiv e potentialitie s an d thei r 
anticipate d outcome s constitute s emergen t  representation , 
wit h emergen t  content ,  tha t  i s  natura l  i n th e sens e tha t  i t 
doe s no t  depen d o n an y outsid e use r  o r  designe r  o r 
interpreter . 

Th e firs t  poin t  i s  tha t  th e indicatio n o f  th e potentialit y  fo r 
a particula r  interactio n an d outcom e ca n b e false .  Th e 
outcom e m a y no t  occur .  S o w e hav e th e emergenc e o f 
somethin g wit h trut h value . 

Furthermore ,  tha t  trut h valu e i s (fallibilistically ) 
detectabl e b y th e syste m itsel f  b y checkin g o n whethe r  o r 
not  th e indicate d outcome(s )  di d o r  di d no t  occu r  (sinc e the y 
ar e interna l  outcomes ,  thi s checkin g ca n b e a  strictl y 
functiona l  matter) .  Tha t  is ,  th e emergen t  trut h valu e i s o f 
an d b y an d fo r  th e syste m (ther e ar e additiona l  issue s her e 
regardin g th e natur e o f  functio n tha t  I  wil l  no t  addres s i n 
thi s paper—se e Bickhard ,  1993 ;  Christensen ,  1996 ; 
Godfrey-Smith ,  1994 ;  Millikan ,  1984 ,  1993) .  I t  i s  no t  a n 
observe r  define d trut h value . 

Stil l  further ,  suc h a n indicatio n o f  interactiv e potentialit y 
i s  a  predicatio n abou t  th e curren t  environment .  I t  predicate s 
tha t  thi s environmen t  i s o f  a n appropriat e sor t  tha t  i t  wil l 
yiel d th e indicate d outcoine(s )  i f  th e indicate d interactio n i s 
engage d in .  And ,  t o reiterate ,  i t  i s  a  predicatio n tha t  ca n b e 
false . 

Furthe r  onc e again ,  suc h a  predicatio n ha s content , 
emergent—an d implicit—content .  Th e predicatio n 
predicate s o f  th e environmen t  tha t  thi s environmen t  ha s 
thos e properties ,  whateve r  the y are ,  tha t  wil l  suppor t  th e 
obtainin g o f  th e indicate d outcomes .  I t  i s  th e predicatio n o f 
thi s conten t  tha t  ca n b e false ,  an d ca n b e falsified . 

Her e w e encounte r  somethin g novel .  Conten t  i s 
standardl y assume d t o b e explicit ,  no t  implicit .  " D o g " 
represent s dog s becaus e th e conten t  o f  tha t  symbo l  a s a n 
encodin g i s k n o w n t o specif y dogs .  A n interactiv e 
indication ,  i n contrast ,  predicate s a n implici t  content ,  no t  a n 
explici t  content .  I t  predicate s tha t  thi s i s a  "yield s outcom e 
X w h e n interactio n Y  i s engage d in "  typ e o f  environment . 
Th e conten t  i s i n term s o f  yieldin g particula r  interna l 
outcomes ,  an d th e externa l  propertie s tha t  woul d m a k e tha t 
tru e are ,  again ,  implici t  no t  explicit . 

Nevertheless ,  I  clai m tha t  thi s rathe r  primitive ,  interactive , 
implici t  content ,  for m o f  representatio n i s foundationa l  t o al l 
others .  Certainl y i t  i s  emergent ,  i t  yield s trut h value ,  an d i t 
doe s hav e content—al l  apori a o n standar d encodin g 
accounts .  Th e promissor y note s tha t  mus t  b e addresse d 
(thoug h mos t  canno t  b e here )  include :  W h a t  abou t  explici t 
content ? W h a t  abou t  mor e familia r  representations ,  suc h a s 
of  objects ? W h a t  abou t  representation s o f  abstractions ,  suc h 
as o f  numbers ? W h a t  abou t  othe r  representationa l 
phenomena ,  suc h a s memory ,  categorization ,  rationality , 
episodi c m e m o r y ,  an d s o on ? W h a t  abou t  language ? Mos t 
of  thes e question s mus t  b e referre d elsewher e (Bickhard , 
1980 ,  1992 ,  1993 ,  forthcoming ,  i n press-a ,  i n press-b ; 
Bickhar d &  Campbell ,  1996 ;  Bickhar d &  Richie ,  1983 ; 
Bickhar d &  Terveen ,  1995 ;  Campbel l  &  Bickhard ,  1986) . 

Explici t  content ,  however ,  i s  on e tha t  ca n b e addresse d 
fairl y quickly .  Conside r  th e possibilit y  tha i  th e syste m ha s 
engage d i n a n interactio n an d ha s obtaine d th e indicate d 
interna l  outcome .  Th e predicatio n i s true—thi s i s i n fac t  a n 
environmen t  of ,  say ,  typ e A .  W h a t  els e migh t  th e syste m 
k n o w abou t  typ e A  environments ? Presumabl y on e thin g 
tha t  i t  migh t  kno w i s tha t  typ e A  environment s ar e also ,  say , 
typ e B  environments .  Tha t  is ,  detectin g a  typ e A 

environmen t  indicate s tha t  th e syste m i s als o i n a  typ e B 
environment ,  s o that ,  i f  i t  wer e t o engag e i n th e interaction s 
appropriat e t o typ e B ,  i t  woul d obtai n th e interna l  outcome s 
appropriat e t o typ e B .  Ther e ca n b e predictive — 
indicative—relationship s a m o n g th e primitiv e indicativ e 
predications . 

But  not e tha t  th e genera l  indicativ e relationshi p tha t  "typ e 
A environment s ar e typ e B  environments "  i s remove d fro m 
specifi c  environmenta l  encounters .  Suc h a n indicatio n 
coul d b e presen t  i n an d fo r  a  syste m eve n i f  tha t  syste m i s 
not  an d ha s no t  fo r  a  lon g tim e encountere d a  typ e A 
environment .  Suc h indicativ e relationships ,  then ,  ar e a 
mor e genera l  for m o f  knowledge—knowledg e abou t 
environmenta l  possibilities ,  no t  jus t  abou t  (th e possibilitie s 
of )  thi s curren t  environment . 

Of  particula r  relevanc e her e i s tha t  th e conten t  o f  suc h 
indicativ e relationship s i s (more )  explicit .  Th e content s o f 
what  constitute s a  typ e A  environmen t  an d wha t  constitute s 
a typ e B  environmen t  ar e implicit ,  bu t  th e indicatio n tha t 
typ e A  environment s (whateve r  the y are )  ar e typ e B 
environment s i s explicit .  Explicit ,  bu t  stil l  potentiall y  fals e 
and falsifiable ,  s o w e stil l  hav e emergen t  trut h value ,  an d w e 
n o w hav e explicitness . 

Suc h indicativ e relationship s ca n iterate :  typ e A  indicate s 
typ e B ,  which ,  i n turn ,  indicate s typ e C ,  an d s o on .  A n d 
the y ca n branch :  typ e A  migh t  indicat e al l  o f  B  an d C  an d D 
as possibilities .  A s such ,  the y ca n lin k int o potentiall y  vas t 
webs o f  representation s abou t  wha t  sort s o f  dependencie s 
obtai n i n possibl e environments ,  an d i t  i s  i n th e possibilitie s 
of  suc h web s tha t  th e answer s li e t o suc h question s a s "wha t 
abou t  representation s o f  objects?" . 

A simpl e manipulabl e object ,  suc h a s a  to y block ,  wil l 
offe r  man y interactiv e potentialities ,  suc h a s visua l  scan s 
fro m multipl e perspectives ,  manipulation s o f  variou s kinds , 
dropping ,  throwing ,  chewing ,  an d s o on .  Furthermore ,  an y 
on e o f  thes e interaction s suffice s t o indicat e th e 
potentialitie s o f  al l  th e others ,  perhap s wit h intermediat e 
interactions ,  suc h a s rotatin g a  to y bloc k t o obtai n a 
particula r  visua l  scan .  Stil l  further ,  th e entir e patter n o f 
interactiv e potentialitie s wil l  remai n invarian t  unde r  a  larg e 
clas s o f  possibl e interactions ,  suc h a s transporting ,  puttin g 
i n th e to y box ,  walkin g away ,  an d s o on—agai n perhap s 
wit h intermediat e interaction s suc h a s returnin g t o th e to y 
b o x — b ut  i t  wil l  no t  remai n invarian t  unde r  others ,  suc h a s 
burnin g o r  crushing .  Suc h internall y mutuall y reachable , 
and invariant-under-classes-of-basic-physical-actions ,  web s 
of  interactiv e indicativ e relationship s is ,  I  claim ,  th e basi c 
for m o f  simpl e objec t  representations .  I t  i s  a  Piagetia n 
model  o f  objec t  representatio n (Piaget ,  1954) ,  an d I  woul d 
sugges t  similarl y Piagetia n representationa l  model s fo r 
m a ny othe r  kind s o f  representation ,  suc h a s o f  number s 
(Piaget' s mode l  i s als o a  pragmatist ,  actio n based ,  m o d e l — 
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thu s th e abilit y  t o borro w suc h Piagetia n submodels—bu t 
th e interactiv e mode l  als o diverge s fro m Piage t  i n man y 
crucia l  ways ;  se e Bickhard ,  1988 ;  Bickhar d &  Campbell , 
1989 ;  Campbel l  &  Bickhard ,  1986) . 

The interactiv e mode l  o f  representation ,  then ,  arguabl y 
account s fo r  emergen t  conten t  an d trut h value ,  an d provide s 
resource s fo r  modelin g othe r  representationa l  phenomen a 
suc h a s object s an d numbers .  I t  i s  a  plausibl e candidat e fo r 
a foundationa l  for m o f  representation . 

Consequences 

The interactiv e mode l  o f  representatio n doe s no t  loo k m u c h 
lik e standar d correspondenc e models .  Representation s ar e 
commonl y suppose d t o b e produce d b y th e processin g o f 
(transduced )  inputs ,  whil e interactiv e representatio n i s 
emergen t  i n certai n kind s o f  interactiv e syste m organization . 
That  contras t  doe s rais e th e question ,  however ,  o f  wha t  role , 
i f  any ,  inpu t  processin g migh t  pla y i n th e interactiv e 
approach . 

Recal l  tha t  actuall y interactin g wit h a n environmen t  an d 
arrivin g a t  som e interna l  outcom e serve s t o differentiat e o r 
classif y tha t  environmen t  a s bein g of ,  say ,  typ e A .  O n th e 
basi s o f  suc h a  differentiation ,  furthe r  indications ,  suc h a s o f 
th e possibilitie s o f  interaction s o f  typ e Q ,  R ,  an d .S ,  migh t  b e 
evoked ,  an d th e ful l  interactiv e mode l  com e int o play .  M y 
focu s here ,  however ,  i s  th e initia l  differentiation . 

A simpl e for m o f  interaction ,  and ,  therefore ,  a  simpl e 
for m o f  differentiation ,  i s  a  for m i n whic h ther e i s n o 
output—ther e i s onl y inpu t  an d th e processin g o f  inputs . 
That  is ,  i t  migh t  suffic e t o arriv e a t  a  differentiatio n tha t  th e 
curren t  environmen t  i s o f  typ e A  t o onl y proces s inputs , 
wit h n o ful l  />j/eraction .  Bu t  i t  i s  precisely ,  i n standar d 
models ,  th e result s o f  suc h inpu t  processin g tha t  ar e 
assumed t o constitut e encode d representation s b y virtu e o f 
th e correspondence s tha t  ar e establishe d (factually )  i n an y 
suc h differentiatio n (ther e wil l  alway s b e a  factua l 
correspondenc e wit h whateve r  ha s bee n factuall y 
differentiated) .  Th e differenc e i n th e tw o sort s o f  models ,  a t 
leas t  t o thi s point ,  i s  tha t  encodin g model s assum e tha t 
someho w conten t  ha s magicall y com e int o bein g i n suc h 
correspondence ,  whil e th e interactiv e mode l  claim s that , 
howeve r  necessar y an d usefu l  differentiation s are ,  mor e i s 
require d i n orde r  t o ge t  content .  I n particular ,  indication s o f 
furthe r  potentialities ,  perhap s base d o n suc h differentiations , 
ar e require d i n orde r  t o constitut e content . 

So,  th e fact s o f  sensor y inpu t  processin g pos e n o 
problem s fo r  th e interactiv e model .  Thos e ar e th e basi c 
for m o f  simpl e differentiation s o f  environmenta l  types .  Bu t 
suc h processin g i s understoo d quit e differently—a s par t  o f 
an entir e interactiv e process ,  wit h representatio n emergen t 
i n th e futur e lookin g anticipations ,  no t  i n th e backwar d 
lookin g correspondences . 

On th e interactiv e view ,  then ,  standar d approache s hav e i t 
hal f  right .  The y focu s o n differentiation s an d presum e tha t 
tha t  i s  everything .  The y mis s th e ful l  interactiv e 
perspective ,  wit h it s futur e oriente d anticipations .  Suc h a 
poin t  hold s fo r  al l  correspondenc e model s o f  representation , 
includin g symbo l  syste m models ,  connectionis t  models ,  an d 
many other s (Bickhar d &  Terveen ,  1995) . 

On th e interactiv e view ,  genuin e representatio n ca n b e 
emergen t  onl y i n interactiv e systems ,  no t  i n passiv e inpu t 
processin g onl y systems .  Standar d compute r  model s an d 
standar d connectionis t  models ,  then ,  canno t  hav e genuin e 
representations .  O n th e othe r  hand ,  interactiv e 

representatio n m a y wel l  b e emergen t  i n interactiv e system s 
eve n i f  i t  i s  no t  recognize d a s suc h b y th e designer s o f  th e 
systems .  Interactiv e anticipator y representation s ar e a 
natura l  solutio n t o a  natura l  proble m o f  actio n selectio n tha t 
canno t  b e avoide d i n comple x interactiv e systems . 

Th e controvers y abou t  whethe r  o r  no t  representatio n i s a 
usefu l  notio n fo r  understandin g an d modelin g autonomou s 
agents ,  then ,  look s quit e differen t  fro m th e perspectiv e o f 
interactivism .  First ,  interactivis m agree s tha t  standar d 
encodingis t  conception s o f  representatio n ar e inappropriate , 
unnecessary ,  an d ca n b e badl y misleadin g i f  take n seriously , 
i n th e desig n an d modelin g o f  interactiv e agents .  O n th e 
othe r  hand ,  a  genuin e for m o f  representation—interactiv e 
representation—i s unavoidabl e i n mos t  interactiv e systems , 
and the y ca n b e bette r  understoo d an d bette r  designe d whe n 
tha t  i s recognized ,  an d it s potentia l  powe r  exploite d 
(Bickhard ,  1997a ,  1997b ;  Cheria n &  Troxell ,  1995a ,  1995b ; 
Christensen ,  Collier ,  Hooker ,  i n preparation ;  Hooker ,  1996) . 
So,  representatio n i s a n essentia l  notio n i n robotic s an d 
autonomou s agents ,  jus t  no t  standar d encodingis t  notion s o f 
representation . 

Mo r e deeply ,  representatio n canno t  b e accounte d fo r  i n 
inpu t  processin g terms ,  bu t  i t  emerge s naturally ,  an d i n 
initiall y  quit e simpl e forms ,  i n th e interactiv e view .  Simpl e 
interactiv e representation s emerg e i n quit e primitiv e 
organisms ,  an d becam e progressivel y mor e comple x an d 
differentiate d int o multipl e kind s throughou t  evolutionar y 
history ,  bu t  th e basi c interactiv e characte r  remain s throug h 
al l  level s o f  evolution ,  an d int o th e desig n o f  artificia l 
agent s a s well . 

References 

Beer ,  R .  D .  (1990) .  Intelligenc e a s Adaptiv e Behavior . 
Academic . 

Beer ,  R .  D .  (1995) .  Computationa l  an d Dynamica l 
Language s fo r  Autonomou s Agents .  I n R .  Port ,  T .  J .  va n 
Gelde r  (Eds. )  M in d a s Motion :  Dynamics ,  Behavior ,  an d 
Cognition .  (121-147) .  Cambridge ,  M A :  M I T Press . 

Bickhard ,  M .  H .  (1980) .  Cognition ,  Convention ,  an d 
Communication .  N e w York :  Praeger . 

Bickhard ,  M .  H .  (1988) .  Piage t  o n Variatio n an d Selectio n 
Models :  Structuralism ,  Logica l  Necessity ,  an d 
Interactivis m H u m a n Development ,  31 ,  274-312 . 

Bickhard ,  M .  H .  (1991) .  Th e Impor t  o f  Fodor' s 
Anticonstructivis t  Arguments .  I n L .  Steff e (Ed. ) 
Epistemologica l  Foundation s o f  Mathematica l 
Experience .  (14-25) .  N e w York :  Springer-Verlag . 

Bickhard ,  M .  H .  (1992) .  H o w Doe s th e Environmen t 
Affec t  th e Person ? I n L .  T .  Winegar ,  J .  Valsine r  (Eds. ) 
Children' s Developmen t  withi n Socia l  Context : 
Metatheor y an d Theory .  (63-92) .  Hillsdale ,  NJ : 
Erlbaum . 

Bickhard ,  M .  H .  (1993) .  Representationa l  Conten t  i n 
H u m a ns an d Machines .  Journa l  o f  Experimenta l  an d 
Theoretica l  Artificia l  Intelligence ,  5 ,  285-333 . 

153 



Bickhard ,  M .  H .  (1996) .  Trouble s wit h Computationalism . 
I n W O'Donohue ,  R .  F .  Kitchene r  (Eds. )  Th e 

Philosoph y o f  Psychology .  (173-183) .  London :  Sage . 

Bickhard ,  M .  H .  (1997a) .  Emergenc e o f  Representatio n i n 
Autonomou s Agents .  Cybernetic s an d Systems :  Specia l 
Issu e o n Epistemologica l  Aspect s o f  Embodie d Artificia l 
Intelligence ,  28(6) ,  489-498 . 

Bickhard ,  M .  H .  (1997b) .  I s Cognitio n a n Autonomou s 

Subsystem ? I n S .  6  Nuallain ,  P .  McKevitt ,  E . 
MacAogai n Tw o Science s o f  Mind :  Reading s i n 
Cognitiv e Scienc e an d Consciousness .  (115-131) . 
Amsterdam :  Joh n Benjamins . 

Bickhard ,  M .  H .  (forthcoming) .  Critica l  Principles :  O n th e 
Negativ e Sid e o f  Rationality .  I n Herfel .  W. ,  Hooker ,  C . 
A.  (Eds. )  Beyon d Rulin g Reason :  Non-forma l 
Approache s t o Rationality . 

Bickhard ,  M .  H .  (i n press-a) .  Level s o f 
Representationality .  Journa l  o f  Experimenta l  an d 
Theoretica l  Artificia l  Intelligence . 

Bickhard ,  M .  H .  (i n press-b) .  Dynami c Representin g an d 
Representationa l  Dynamics .  I n E .  Dietrich ,  A .  Markma n 
(Eds. )  Cognitiv e Dynamics :  Conceptua l  Chang e i n 
Humans an d Machines .  MIT . 

Bickhard ,  M .  H. ,  Campbell ,  R .  L .  (1989) .  Interactivis m 
and Geneti c Epistemology .  Archive s d e Psychologic , 
57(221) ,  99-121 . 

Bickhard ,  M .  H. ,  Campbell ,  R .  L .  (1996) .  Topologie s o f 
Learnin g an d Development .  Ne w Idea s i n Psychology , 
/4;2) ,  111-156 . 

Bickhard .  M .  H. ,  Richie ,  D .  M .  (1983) .  O n th e Natur e o f 
Representation :  A  Cas e Stud y o f  Jame s J .  Gibson' s 
Theor y o f  Perception .  Ne w York :  Praeger . 

Bickhard ,  M .  H. ,  Terveen ,  L .  (1995) .  Foundationa l  Issue s 
i n Artificia l  Intelligenc e an d Cognitiv e Science—Impass e 
and Solution .  Amsterdam :  Elsevie r  Scientific . 

Brooks ,  R .  A .  (1990) .  Elephant s don' t  Pla y Chess .  I n P . 
Maes (Ed. )  Designin g Autonomou s Agents .  (3-15) . 
Cambridge ,  M A :  MI T Press . 

Brooks ,  R .  A .  (1991a) .  Challenge s fo r  Complet e Creatur e 
Architectures .  I n J.-A .  Meyer ,  S .  W.  Wilso n (Eds. ) 
Fro m Animal s t o Animats .  (434-443) .  Cambridge ,  M A : 
M I T Press . 

Brooks ,  R .  A .  (1991b) .  Ho w t o Buil d Complet e Creature s 
Rathe r  tha n Isolate d Cognitiv e Simulators .  I n K . 
VanLeh n (Ed. )  Architecture s fo r  Intelligence .  {225-23)9) . 
Hillsdale ,  NJ :  Erlbaum . 

Brooks ,  R .  A .  (1991c) .  Intelligenc e withou t 
Representation .  Artificia l  Intelligence ,  47{l-3) ,  139-159 . 

Brooks ,  R .  A .  (199Id) .  Ne w Approache s t o Robotics . 
Science ,  253(5025) ,  1227-1232 . 

Campbell ,  R .  L. ,  Bickhard ,  M .  H .  (1986) .  Knowin g Level s 
and Developmenta l  Stages .  Basel :  Karger . 

Cherian ,  S. ,  Troxell ,  W.  O .  (1995a) .  Intelligen t  behavio r  i n 
machine s emergin g fro m a  collectio n o f  interactiv e 
contro l  structures .  Computationa l  Intelligence ,  11(4) , 
565-592 .  Blackwel l  Publishers .  Cambridge ,  Mass .  an d 
Oxford ,  UK . 

Cherian ,  S. ,  Troxell ,  W .  O .  (1995b) .  Interactivism :  A 
Functiona l  Mode l  o f  Representatio n fo r  Behavior-Base d 
Systems .  I n Moran ,  F. ,  Moreno ,  A. ,  Merelo ,  J .  J. , 

Chac6n ,  P .  Advance s i n Artificia l  Life :  Proceeding s o f  th e 
Thir d Europea n Conferenc e o n Artificia l  Life ,  Granada , 
Spain .  (691-703) .  Berlin :  Springer . 

Christensen ,  W.  D .  (1996) .  A  comple x system s theor y o f 
teleology .  Biolog y an d Philosophy .  H ,  30 1 -320 . 

Christensen ,  W.  D. ,  Collier ,  J .  D. ,  Hooker ,  C .  A .  (i n 
preparation) .  Autonomy ,  Adaptiveness ,  Anticipation : 
Toward s autonomy-theoreti c foundation s fo r  lif e an d 
intelligenc e i n comple x adaptiv̂ e self-organisin g systems . 

Clark ,  A .  (1997) .  BeingThere .  MIT/Bradford . 
Coffa ,  J .  A .  (1991) .  Th e Semanti c Traditio n fro m Kan t  t o 

Carnap .  Cambridge . 
Fodor ,  J .  A .  (1981) .  Th e presen t  statu s o f  th e innatenes s 

controversy .  I n J .  Fodo r  Representation s (257-316) . 
Cambridge :  MI T Press . 

Fodor ,  J .  A .  (1987) .  Psychosemantics .  Cambridge ,  M A : 
MI T Press . 

Fodor ,  J .  A .  (1990a) .  A  Theor y o f  Content .  Cambridge , 
M A:  MI T Press . 

Fodor ,  J .  A .  (1990b) .  Informatio n an d Representation .  I n 
P.  P .  Hanso n (Ed. )  Information ,  language ,  an d 
Cognition .  (175-190) .  Vancouver :  Universit y o f  Britis h 
Columbi a Press . 

Gardner ,  H .  (1987) .  Th e Mind' s Ne w Science .  Ne w York : 
Basic . 

Godfrey-Smith ,  P .  (1994) .  A  Moder n Histor y Theor y o f 
Functions .  Nous ,  28(3) ,  344-362 . 

Hooker ,  C .  A .  (1996) .  Towar d a  naturalise d cognitiv e 
science .  I n R .  Kitchene r  an d W O'Donohu e (Eds. ) 
Psycholog y an d Philosophy .  (184-206) .  London :  Sage . 

Joas ,  H .  (1993) .  America n Pragmatis m an d Germa n 
Thought :  A  Histor y o f  Misunderstandings .  I n H .  Joa s 
Pragmatis m an d Socia l  Theory .  (94-121) .  Universit y o f 
Chicag o Press . 

Loewer ,  B. ,  Rey ,  G .  (1991) .  Meanin g i n Mind :  Fodo r  an d 
hi s critics .  Oxford :  Blackwell . 

Maes,  P .  (1990) .  Designin g Autonomou s Agents . 
Cambridge ,  M A :  MI T Press . 

Millikan ,  R .  G .  (1984) .  Language ,  Thought ,  an d Othe r 
Biologica l  Categories .  Cambridge ,  M A :  MI T Press . 

Millikan ,  R .  G .  (1993) .  Whit e Quee n Psycholog y an d 
Othe r  Essay s fo r  Alice .  Cambridge ,  M A :  MI T Press . 

Nehmzow,  U. ,  Smithers ,  T .  (1991) .  Mapbuildin g Usin g 
Self-Organizin g Network s i n "Reall y Usefu l  Robots. "  I n 
J.-A .  Meyer ,  S .  W.  Wilso n (Eds. )  Fro m Animal s t o 
Animats .  (152-159) .  Cambridge ,  M A :  MI T Press . 

Nehmzow,  U. ,  Smithers ,  T .  (1992) .  Usin g Moto r  Action s 
fo r  Locatio n Recognition .  I n F .  J .  Varela ,  P .  Bourgin e 
(Eds. )  Towar d A  Practic e o f  Autonomou s Systems .  (96 -
104) .  Cambridge ,  M A :  MI T Press . 

Newell ,  A .  (1980) .  Physica l  Symbo l  Systems .  Cognitiv e 
Science ,  4 ,  135-183 . 

Pfeifer ,  R. ,  Verschure ,  P .  (1992a) .  Beyon d Rationalism : 
Symbols ,  Pattern s an d Behavior .  Connectio n Science , 
4(3/4) ,  313-325 . 

Pfeifer ,  R. ,  Verschure ,  P .  (1992b) .  Distribute d Adaptiv e 
Control :  A  Paradig m fo r  Designin g Autonomou s Agents . 
I n F .  J .  Varela ,  P .  Bourgin e (Eds. )  Towar d A  Practic e o f 
Autonomou s Systems .  (21-30) .  Cambridge ,  M A :  MI T 
Press . 

154 



Piaget ,  J .  (1954) .  Th e Constructio n o f  Realit y i n th e Child . 
New York :  Basic . 

Port ,  R. ,  va n Gelder .  T .  J .  (1995) .  Min d a s Motion : 
Dynamics ,  Behavior ,  an d Cognition .  Cambridge ,  M A : 
MI T Press . 

Rosenthal ,  S .  B .  (1983) .  Meanin g a s Habit :  Some 
Systemati c Implication s o f  Peirce' s Pragmatism .  I n E . 
Freeman (Ed. )  Th e Relevanc e o f  Charle s Peirce .  (312 -
327) .  L a Salle .  IL :  Monist . 

Shanon,  B .  (1993) .  Th e Representationa l  an d th e 
Presentational .  Hertfordshire ,  England :  Harveste r 
Wheatsheaf . 

Thanks zss due to the Henry R. Luce Foundation 

155 


	cogsci_1998_150-155



