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T h e F r a m e o f  R e f e r e n c e P r o b l e m 

in Cognitive Modeling 

William J. Clancey 

Institute for Research on Learning 

ABSTRACT 

Since at least the mid-70's there has been widespread agreement among cognitive science 
researcher s tha t  model s o f  a  problem-solvin g agen t  shoul d incorporat e it s knowledg e abou t  th e 
worl d an d a n inferenc e procedur e fo r  interpretin g thi s knowledg e t o construc t  plan s an d tak e 
actions .  Researc h question s hav e focuse d o n ho w knowledg e i s represente d i n compute r  program s 
and ho w suc h cognitiv e model s ca n b e verifie d i n psychologica l  experiments .  W e ar e no w 
experiencin g increasin g confusio n an d misunderstandin g a s differen t  critique s ar e levele d agains t 
thi s methodolog y an d ne w jargo n i s introduce d (e.g. ,  "no t  rules, "  "ready-to-hand, "  "background, " 
"situated, "  "subsymbolic") .  Suc h divergen t  approache s pu t  a  premiu m o n improvin g ou r 
understandin g o f  pas t  modelin g methods ,  allowin g u s t o mor e sharpl y contras t  propose d 
altematives .  Thi s pape r  compare s an d synthesize s ne w roboti c researc h tha t  i s founde d o n th e 
ide a tha t  knowledg e doe s no t  consis t  o f  objectiv e representation s o f  th e world .  Thi s researc h 
develop s a  ne w vie w o f  plannin g tha t  distinguishe s betwee n a  robo t  designer' s ontologica l 
preconceptions ,  th e dynamic s o f  a  robot' s interactio n wit h a n environment ,  an d a n observer' s 
descriptiv e theorie s o f  pattern s i n th e robot' s behavior .  Thes e frame-of-referenc e problem s ar e 
illustrate d her e an d unifie d b y a  ne w framewor k fo r  describin g cognitiv e models . 

CHANGE AND CONFLUENCE IN COGNITIVE SCIENCE 

What accounts for the regularities we observe in intelligent behavior? Many cognitive scientists 
woul d respond ,  "Menta l  structure s whic h ar e representations ,  symbol s o f  thing s i n th e world. " 
Sinc e a t  leas t  th e mid-70' s ther e ha s bee n widesprea d agreemen t  amon g cognitiv e scienc e 
researcher s tha t  model s o f  a  problem-solvin g agen t  shoul d incorporat e knowledg e abou t  th e worl d 
and som e sor t  o f  inferenc e procedur e fo r  interpretin g thi s knowledg e t o construc t  plan s an d tak e 
actions .  Researc h question s hav e focuse d o n ho w knowledg e i s represente d i n compute r  program s 
and ho w suc h cognitiv e model s ca n b e verifie d i n psychologica l  experiments . 

We are now experiencing a change in the dominant paradigm, as different critiques are leveled 
agains t  thi s methodolog y an d ne w computationa l  models ,  base d o n th e ide a o f  neura l  networks ,  ar e 
introduced .  Ther e hav e bee n man y philosophica l  argument s agains t  Cognitiv e Scienc e an d A l 
researc h ove r  th e years ;  wha t  reaso n i s ther e t o suppos e tha t  w e ar e makin g progres s no w o n thes e 
comple x issues ? Mos t  strikin g i s th e convergenc e o f  idea s an d ne w approache s ove r  th e pas t  5 
years : 

o The long-standing criticism of Dreyfus (1972), for example, has been joined by insiders 
(Winogra d &  Flores ,  1986)(Clancey ,  1987)(Rommetveit ,  1987) ; 

o Neural net research has reminded us of the extent of the gap between neurobiology and cognitive 
scienc e models ,  whil e ne w hardwar e an d programmin g technique s hav e enable d a  resurgenc e o f 
networ k modelin g (Rumelhart ,  e t  al.,1986) ; 
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o Cognitiv e scienc e itsel f  ha s flourishe d an d succeede d i n includin g socia l  scientist s withi n th e 
community ,  an d thei r  method s an d analyse s ofte n starkl y contras t  wit h th e A l  vie w o f  huma n 
knowledg e an d reasonin g (Suchman ,  1987) .  Fo r  example ,  increasin g emphasi s i s place d o n 
representatio n constructio n a s a n activit y withi n ou r  perceptua l  space ,  organize d b y socia l 
interaction ,  (e.g. ,  Allen ,  1988) ,  no t  somethin g i n ou r  memor y tha t  precede s speaking ,  drawing , 
or  actio n i n general . 

Criticisms of AI and cognitive science may have often failed to be effective because they aren't 
sufficientl y grounde d i n computationa l  modelin g terminolog y an d ma y eve n appea r  t o b e 
compatibl e wit h existin g programs .  Fo r  example ,  th e curren t  buzzwor d "situated "  migh t  jus t  mea n 
"conditiona l  o n th e inpu t  dat a o f  particula r  situations" ;  henc e al l  program s ar e situated .  Th e 
discours e o f  anothe r  intellectua l  traditio n ma y eve n appea r  incoheren t  t o cognitiv e scientists ; 
conside r  fo r  example ,  "representatio n mus t  b e base d o n interactiv e differentiatio n an d implici t 
definition "  (Suchman ,  1987 ,  p .  78) .  Experience d A I  researcher s kno w tha t  a n engineerin g 
approac h i s essentia l  fo r  makin g progres s o n thes e issues .  Perhap s th e mos t  importan t  reaso n fo r 
recen t  progres s an d optimis m abou t  th e futur e i s th e constructio n o f  alternativ e cognitiv e model s a s 
compute r  programs ,  th e field's  agree d basi s fo r  expressin g theories : 

o The Al-leaming community is focusing on how a given ontology of internal structures--the 
designer' s prio r  commitmen t  t o th e objects ,  events ,  an d processe s i n th e worid-enable s o r 
limit s a  give n spac e o f  behavio r  (e.g. ,  th e knowledg e leve l  analyse s o f  (Dietterich ,  1986 ) 
(Alexander ,  e t  al. ,  1986)) . 

o New robots ("situated automata") demonstrate that a full map of the worid isn't required for 
comple x behavior ,  instead ,  maintainin g a  relatio n betwee n a n agent' s perceptua l  stat e an d ne w 
sensation s enable s simpl e mechanism s t o brin g abou t  wha t  observer s woul d cal l  search , 
tracking ,  avoidance ,  etc .  (Braitenberg ,  1984)(Brooks ,  1988)(Agre ,  1988 )  (Rosenschein ,  1985) . 

o Neural networks, incorporating "hidden layers" and using back-propagation learning, provide a 
ne w mean s o f  encodin g input/outpu t  trainin g relationships ,  an d ar e suggestiv e o f  ho w sensor y 
and moto r  learnin g ma y occu r  i n th e brai n (Rumelhart ,  e t  al. ,  1986) . 

In essence, this new research reconsiders how the internal representations in an agent derive from 
th e dynamic s o f  a  physica l  situation ,  relegatin g a n observer' s late r  description s o f  th e pattern s i n 
th e agent' s behavio r  (wha t  ha s bee n calle d "th e agent' s knowledge" )  t o a  differen t  leve l  o f  analysis . 
That  i s t o say ,  thi s ne w researc h suggest s tha t  w e reclassif y mos t  existin g cognitiv e model s a s 
bein g descriptiv e an d relativ e t o a n observer' s fram e o f  reference ,  no t  structure-functio n 
mechanism s interna l  t o th e agen t  tha t  caus e th e observe d behavior . 

By systematically analyzing these emerging alternative intelligent architectures, placing them in 
ordere d relatio n t o eac h other ,  w e shoul d b e abl e t o articulat e distinction s tha t  th e researcher s 
couldn' t  accomplis h alone .  Th e resul t  wil l  b e a  bette r  understandin g o f  th e divers e approache s t o 
"situate d cognition "  an d "neura l  networks "  research ,  contraste d agains t  conventiona l  A I  research . 
Thus ,  understandin g a  ne w approac h an d reconceptualizin g wha t  a  "traditional "  approac h wa s 
abou t  wil l  aris e together . 

My approach here is to characterize the ontological commitments of the alternative models: What 
fact s abou t  th e worl d ar e buil t  int o eac h program ? T w o useful ,  relate d question s are :  Wh o own s 
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the representations (robot, designer, or observer)? Where's the knowledge (in a designer's 
specification ,  i n roboti c memory ,  i n th e relatio n o f  th e robo t  t o it s environment ,  o r  i n ou r 
statement s a s observers) ? Throughout ,  I  wil l  us e th e ter m "robot "  t o emphasiz e tha t  w e ar e dealin g 
wit h designe d artifact s intende d t o b e agent s i n som e know n environment .  I  believ e w e nee d t o 
distanc e ourselve s fro m ou r  programs ,  s o w e ca n bette r  understan d ou r  relatio n t o them .  "Robot " 
her e mean s an y cognitiv e mode l  implemente d a s a  compute r  program ,  specificall y includin g 
computationa l  model s o f  people .  Ou r  orientatio n her e i s no t  o f  philosophica l  discours e i n th e 
abstract ,  bu t  rathe r  tryin g t o find  a n appropriat e languag e t o describ e existin g robot s an d th e 
proces s b y whic h the y ar e designed ,  s o th e engineerin g method s fo r  buildin g the m ar e clea r 
enoug h t o order ,  compare ,  an d improv e upo n them .  I n th e conclusion ,  I  wil l  reac h beyon d wha t 
has bee n currentl y buil t  i n orde r  t o articulat e wha t  designer s ar e attemptin g t o achiev e an d t o relat e 
t o othe r  analyse s i n anthropology ,  linguistics ,  an d philosophy . 

THE PROBLEM: THE ONTOLOGICAL COMMITMENTS OF PLANS 

When we examine situated automata research, we find a striking emphasis on the nature of 
planning ,  focusin g o n th e ontologica l  commitment s mad e b y th e designe r  o f  th e compute r 
program .  Agr e an d Kaelblin g (Kaelbling ,  1988 )  emphasiz e th e resourc e an d informatio n 
limitation s o f  real-tim e behavior-deliberatio n betwee n alternative s mus t  b e extremel y limite d an d 
many detail s abou t  th e worl d (e.g. ,  wil l  th e nex t  close d doo r  I  approac h ope n fro m th e lef t  o r  th e 
right?)  can' t  b e anticipated .  Rosenschei n foun d tha t  forma l  analyse s o f  knowledg e base s ar e 
problematic-ho w ca n the y b e relate d i n a  principle d wa y t o th e world ,  whe n thei r  meanin g 
depend s o n th e designer' s changin g interpretation s o f  th e dat a structures ? Cohe n wa s wedge d i n a 
designer' s conundrum :  Sinc e A A R O N i s suppose d t o b e producin g ne w drawing s o f  peopl e 
standin g i n a  garden ,  ho w coul d h e buil d i n a  representatio n o f  thes e drawing s befor e the y ar e 
made? (Cohen ,  1988 )  Cohe n wa s fac e t o fac e wit h th e ultimat e ontologica l  limi t  o f  traditiona l 
cognitiv e models :  An y descriptio n o f  th e worl d tha t  h e build s i n a s a  designe r  wil l  fi x  th e spac e o f 
AARON'S drawings .  H o w the n ca n a  robo t  b e designe d s o i t  isn' t  limite d b y it s designer' s 
preconceptio n o f  th e world ? I f  suc h limitation s ar e inevitabl e fo r  designe d artifacts ,  ho w ca n th e 
specificatio n proces s b e accomplishe d i n a  principle d way ? Followin g ar e fou r  perspective s o n 
thes e questions . 

Classical Planning -- Knowledge is in the robot's memory 
I n mos t  Al/cognitiv e scienc e researc h t o date ,  th e description s o f  regularitie s i n th e worl d an d 
regularitie s i n th e robot' s behavio r  ar e calle d "knowledge "  an d locate d i n th e robot' s memory .  A 
robo t  preferabl y use s a  declarativ e ma p o f  th e world ,  plannin g constraints ,  metaplannin g strategies , 
etc .  Thi s vie w i s illustrate d especiall y wel l  b y natura l  languag e programs ,  whic h incorporat e i n 
memory a  mode l  o f  th e domai n o f  discourse ,  scrip t  description s o f  activities ,  grammars ,  pros e 
configuratio n plans ,  conversationa l  patterns ,  etc .  Aimin g t o cop e wit h th e computationa l  limit s o f 
combinatori c an d real-tim e constraints ,  som e researcher s ar e re-engineerin g thei r  program s t o us e 
paralle l  processing ,  partia l  compilation ,  failur e an d alternativ e rout e anticipation ,  etc .  Thes e 
approache s migh t  incorporat e furthe r  ontologica l  distinction s (e.g. ,  preconception s o f  wha t  ca n g o 
wrong) ,  bu t  adher e t o th e classica l  vie w o f  planning . 

Knowledge is in the designer's specification. 
Rosenschei n introduce s a n interestin g twist .  Beside s usin g efficien t  engineerin g (compilin g 
program s int o digita l  circuits) ,  hi s methodolog y explicitl y  view s th e robo t  a s a  designe d artifact . 
He formall y specifie s roboti c behavio r  i n term s o f  I/ O an d interna l  stat e changes ,  gainin g th e 
advantage s o f  interna l  consistenc y an d explicitly-articulate d tas k assumptions .  Th e proble m o f 
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building a robot is viewed as an engineering problem, nicely delineating the designer's relation to 

th e robo t  an d th e designe d behavior . 

Knowledge is not incorporated as data structure encodings; it is replaced by a design description 

tha t  specifie s h o w th e stat e o f  th e machin e an d th e stat e o f  th e environmen t  shoul d relate .  Thus , 

knowledg e i s no t  somethin g place d i n th e robot ,  bu t  i s a  theoretica l  construc t  use d b y th e designe r 

fo r  derivin g a  circui t  whos e interactiv e couplin g wit h it s environmen t  ha s certai n desirabl e 

properties .  Thes e "backgroun d constraint s .  .  .  compris e a  permanen t  descriptio n o f  h o w th e 

automato n i s couple d t o it s environmen t  an d ar e themselve s invarian t  unde r  al l  stat e changes " 

(Rosenschein ,  1985 ,  p .  12) .  Regardles s o f  h o w progra m structure s ar e compile d o r  transforme d 

by a  learnin g process ,  th e progra m embodie s th e designer' s ontology .  Rosenschein' s forma l 

analysi s ca n b e contraste d wit h Brooks '  analogous ,  bu t  ad-ho c constructiv e approac h 

(functionally-layered ,  finite-state  automata )  (Brooks ,  1988) ;  Brook s assemble s circuit s withou t 

spellin g ou t  hi s ontologica l  commitment s t o worl d objects ,  machin e states ,  an d relation s amon g 

them . 

Knowledge is the capacity to maintain dynamic relationships. 
Agr e view s th e ontologica l  description s buil t  int o hi s robo t  a s indexica l  an d functional .  Tha t  is , 

description s o f  entities ,  representation s o f  th e world ,  ar e inherentl y a  combinatio n o f  th e robot' s 

viewpoin t  (wha t  i t  i s doin g n o w )  an d th e rol e o f  environmenta l  entitie s i n th e robot' s activity .  Fo r 

example ,  th e ter m the-ice-cube-that-the-ice-cube-I-just-kicked-will-collide-wit h combine s th e 

indexica l  perspectiv e o f  th e robot' s ongoin g activit y (th e ic e cub e I  jus t  kicked )  wit h a  functionally -

directe d visualizatio n (on e rol e o f  ic e cube s i s fo r  destroyin g bees) . 

Agre demonstrates that an internal representation of the worid needn't be global and objective, in 

th e for m o f  a  m a p ,  but-fo r  controllin g roboti c movement s a t  least-ca n b e restricte d t o ontologica l 

primitive s tha t  relat e th e robot' s perception s t o it s activities .  Ther e ar e tw o mor e genera l  point s 

here :  Th e clai m tha t  representation s ar e inherentl y indexica l  an d functiona l  (tha t  is ,  a  rejectio n o f  th e 

correspondenc e theor y o f  truth ,  tha t  representation s ar e objectivel y abou t  th e world )  an d th e clai m 

tha t  th e robo t  ca n ge t  b y wit h mostl y loca l  informatio n abou t  th e activit y aroun d him .  Agr e i s 

showin g u s a  n e w w a y o f  talkin g abou t  knowledg e bas e representations ,  an d demonstratin g tha t  a 

differen t  perspective ,  tha t  o f  "dynamics "  a s oppose d t o "objectiv e description, "  ca n b e use d fo r 

constructin g a n ontology .  I t  i s  arguabl e tha t  Agre' s program s aren' t  fundamentall y differen t  fro m 

conventiona l  A I  architectures ;  th e us e o f  hyphenatio n jus t  make s explici t  tha t  interna l  name s an d 

variable s ar e alway s interprete d fro m th e fram e o f  referenc e o f  th e agent ,  relativ e t o it s activities . 

Th e importan t  clai m i s metatheoretical :  Al l  representation s ar e indexical ,  functional ,  an d 

consequentl y subjective . 

Knowledge is attributed by the observer. 
Cohen' s wor k nicel y articulate s th e distinctio n betwee n designer ,  robot ,  behaviora l  dynamics ,  an d 

observer' s perceptio n tha t  Rosenschein ,  Agre ,  an d Brook s ar e al l  wrestlin g with . 

"AARON draws, as the human artist does, in feedback mode. No line is ever fully planned in 

advanced :  i t  i s  generate d throug h th e proces s o f  matchin g it s curren t  stat e t o a  desire d en d state " 

(Cohen ,  1988) .  "Al l  higher-leve l  decision s ar e m a d e i n term s o f  th e stat e o f  th e drawing ,  s o tha t 

th e us e an d availabilit y  o f  spac e i n particula r  ar e highl y sensitiv e t o th e histor y o f  th e program' s 

decisions. "  Notably ,  A A R O N ' s internal ,  genera l  representatio n o f  object s i s sparse ;  i t  doesn' t  pla n 

th e detail s o f  it s drawings ;  an d i t  maintain s n o "menta l  photograph "  o f  th e drawin g i t  i s  producing . 
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Ther e i s n o gramma r  o f  aesthetics ;  rathe r  3- d properties ,  a s attribute d b y a n observer ,  emerg e fro m 
followin g simpl e 2- d constraint s lik e "fin d enoug h space. "  Th e poin t  i s  mad e b y Agre ,  i n sayin g 
tha t  th e purpos e o f  th e robot' s interna l  representatio n i s "no t  t o expres s state s o f  affairs ,  bu t  t o 
maintai n causa l  relationship s t o them "  (p .  190) .  Th e interna l  representation s ar e no t  i n term s o f  th e 
"stat e o f  affairs "  perceive d b y a n observer ,  bu t  th e immediate ,  "ready-at-hand "  dynamic s o f  th e 
drawin g proces s (again ,  th e term s ar e indexical/functional ,  e.g. ,  "th e stic k figur e I  a m placin g i n 
th e garde n no w i s occlude d b y th e objec t  t o it s  left") .  Th e robot' s knowledg e i s no t  i n term s o f  a n 
objectiv e descriptio n o f  propertie s o f  th e resultan t  drawing ,  rathe r  th e ontolog y supplie d b y Cohe n 
characterize s th e relatio n betwee n state s o f  th e robo t  (wha t  i t  i s  doin g now )  an d ho w i t  perceive s 
th e environmen t  (th e drawin g i t  i s  making) . 

SUMMARY AND CONCLUSION: WHO OWNS THE KNOWLEDGE? 

The above analyses demonstrate the usefulness of viewing intelligent machine construction (and 
cognitiv e modelin g i n general )  a s a  desig n problem .  Tha t  i s  t o say ,  w e don' t  simpl y as k "Wha t 
knowledg e structure s shoul d b e place d i n th e hea d o f  th e robot? "  bu t  rather ,  "Wha t  sensory-stat e 
couplin g i s desire d an d wha t  machin e specificatio n bring s thi s about? "  Figur e 1  summarize s th e 
element s o f  thi s ne w perspective . 

Briefly, the figure illustrates that a machine specification is a representation that derives from the 
designer' s interpretatio n o f  th e machine' s interactio n wit h it s environment .  N o "objective " 
description s ar e imputed-ho w th e machine' s behavio r  i s  describe d i s a  matte r  o f  selectiv e 
perception ,  biase d b y expectation s an d purposes .  Th e recurren t  behavio r  attribute d t o th e 
machin e b y th e observer/designe r  i s a  matte r  o f  ho w peopl e tal k abou t  an d mak e sens e o f  th e 
world .  Furthermore ,  th e specification-usuall y a n externa l  representatio n i n th e for m o f  equation s 
and networks-i s itsel f  pron e t o reinterpretation :  Wha t  th e specificatio n mean s (it s "semantics" ) 
canno t  b e describe d onc e an d fo r  all .  Th e validit y o f  th e specificatio n lie s i n th e over-al l  coherenc e 
of  th e designer' s goals ,  th e machine' s behavior ,  an d wha t  th e designe r  observes . 

Cognitive science research has to date not been driven by such metatheoretic analyses. Most 
researcher s hav e simpl y assume d tha t  th e worl d ca n b e exhaustivel y an d uniquel y describe d a s 
theories ,  an d tha t  learnin g itsel f  involve s manipulatin g theories- a correspondenc e vie w o f  reality . 
But  a  radicall y differen t  poin t  o f  vie w ha s playe d a  centra l  rol e i n methodologica l  analyse s i n field s 
as divers e a s anthropolog y an d physics .  Fo r  example ,  on e interpretatio n o f  Heisenberg' s 
Uncertaint y Principl e i s tha t  theorie s ar e tru e onl y wit h respec t  t o a  fram e o f  reference .  Boh r 
himsel f  said ,  "Ther e i s n o quantu m world .  Ther e i s onl y a n abstrac t  quantu m description .  I t  i s 
wron g t o thin k tha t  th e tas k o f  physic s i s t o fin d ou t  ho w natur e is .  Physic s onl y concern s wan t 
we ca n sa y abou t  nature "  (quote d i n (Gregory ,  1988)) .  A I  an d cognitiv e scienc e researc h ha s bee n 
base d o n th e contrar y poin t  o f  vie w tha t  theorie s (representation s an d language )  correspon d t o a 
realit y tha t  ca n b e objectivel y know n an d knowledg e consist s o f  theories ;  consequently ,  alternativ e 
desig n methodologie s hav e rarel y entere d th e discussion . 

Let us recapitulate the emerging alternatives approaches to cognitive modeling. In classical 
planning ,  epitomize d b y present-da y exper t  systems ,  description s o f  regularitie s a n observe r  wil l 
perceiv e i n th e robot' s interactio n wit h th e worl d ar e store d i n th e robot' s memory ,  an d 
interprete d a s instruction s fo r  directin g th e robot' s behavior .  Rosenschei n break s wit h thi s idea , 
instea d compihn g a  state-transitio n machin e fro m a  designer' s specificatio n o f  th e desire d 
couplin g betwee n machin e an d environment .  Agre' s wor k remind s u s tha t  regardles s o f  wha t 
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compilation process is used, a program still embodies a designer's ontological commitments, and 
thes e ar e fruitfull y  viewe d a s indexica l  an d functiona l  wit h respec t  t o th e robot' s 
activity .  A s a n anist ,  reflectin g o n th e robot' s behavior ,  Cohe n remind s u s tha t  thi s 
indexical/functiona l  theor y i s t o b e contraste d wit h a n observer' s statement s abou t  th e robot' s 
behavior .  Th e essentia l  clai m i s tha t  representation s i n compute r  program s ar e no t  objective-tru e 
becaus e the y correspon d t o th e world--bu t  inherentl y indexical/functional ,  relationship s betwee n 
th e agen t  an d th e worl d tha t  a  designe r  specifie s shoul d b e maintained .  Movin g fro m engineerin g 
"knowledg e structures "  i n a n agen t  t o designin g o n th e basi s o f  state-sensor y couplin g constraint s 
i s a  significan t  theoretica l  advance . 
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Figur e 1 .  Relatio n o f  designer' s theor y t o machin e an d couplin g 
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However ,  situate d automat a researc h doesn' t  ge t  t o th e hear t  o f  th e matter :  Eac h progra m stil l 

embodie s th e designer' s ontology ,  whic h i s neithe r  fixe d no r  objective .  Rosenschei n i n particula r 

continue s t o spea k o f  a n objectiv e physica l  reality ,  implyin g tha t  perceptio n i s jus t  a  matte r  o f 

processin g dat a o n fixe d sensor s i n axiomati c wa y (cf .  Neisser ,  1976) .  H e fail s t o acknowledg e 

tha t  hi s couplin g specificatio n an d backgroun d constraint s ar e linguisti c entitie s pron e t o chang e 

unde r  hi s o w n interpretation ,  n o les s tha n knowledg e structure s buil t  int o a  classica l  plannin g 

system .  Formalit y i s  no t  gaine d b y behaviora l  specification ,  becaus e thes e specification s stil l 

embody th e designer' s perception s o f  th e robot' s behavio r  an d hi s theor y o f  th e dynamic s o f  th e 

robot' s interactions .  Compilatio n int o circuit s onl y change s computationa l  efficiency ;  th e resultan t 

physica l  structure s formall y correspon d t o th e designer' s origina l  forma l  notation s o f  "worl d 

conditions "  an d "behaviora l  correlations. "  A n d wha t  thes e notation s mea n canno t  b e objectivel y 

specified . 

Furthermore, while the robot's structural form is fixed after the design process, the coupling can 

be modifie d b y huma n intervention .  W h e n a  perso n interpret s interna l  structure s durin g th e 

operatio n o f  th e progra m (e.g. ,  providin g "input "  b y respondin g t o th e robot' s  queries) ,  th e 

couplin g betwee n robo t  sensatio n an d actio n i s changed .  Thi s interpretatio n i s agai n a n inherentl y 

subjective ,  perceptua l  process . 

Viewing knowledge as relative to an observer/designer's perceptions of dynamic indexical-

functiona l  relation s betwee n a n agen t  an d it s environmen t  i s indee d a  majo r  theoretica l 

reconceptualizatio n o f  th e proces s o f  constructin g "intelligen t  agents. "  However ,  i s  a  mor e radica l 

stanc e possible ? Furthe r  analysi s migh t  focu s o n th e natur e o f  th e primitiv e ontology ,  specificall y 

t o restric t  i t  t o sensation s inheren t  i n th e agent' s periphera l  sensor s (i f  any )  o r  t o primitiv e 

perceptua l  structure s tha t  aris e i n th e earl y developmenta l  interaction s o f  th e agen t  an d it s 

environment .  F ro m a  stric t  sense ,  w e coul d clai m tha t  th e robot s describe d abov e reac t  t o sensors , 

but  neve r  perceive ,  becaus e the y neve r  for m ne w ontologies ,  n e w way s o f  seein g th e world . 

Drivin g thi s analysi s woul d b e th e radica l  hypothesi s tha t  al l  perceivin g i s a  for m o f  learnin g an d i t 

i s  dialecticall y couple d t o developmen t  o f  ne w physica l  routines .  Speaking ,  fo r  example ,  i s 

articulatin g h o w th e worl d is ,  conceptualizing ,  formin g perception s fo r  th e firs t  time ,  no t 

translatin g interna l  representation s tha t  describ e wha t  i s abou t  t o b e said .  W e mus t  explai n h o w a 

strin g lik e "potentially-attacking-bee "  coul d signif y a  ne w wa y o f  seein g th e worl d t o th e robo t 

itself ,  rathe r  tha n bein g a  structur e tha t  determine s it s behavio r  i n a  fixed ,  programmati c way . 

H o w d o w e brea k awa y fro m modelin g learnin g b y grammatica l  reshufflin g o f  grammars ? Fo r  a 

ne w beginning ,  dance ,  jaz z improvisation ,  drawing ,  speaking ,  an d ensembl e performance s o f  al l 

kind s coul d b e viewe d a s example s o f  developin g an d neve r  fully-definabl e routines ,  dialecticall y 

couple d t o th e robot' s changin g perception s o f  o w n environmenta l  interactions .  B y this ,  neura l 

net  researcher s woul d m o v e fro m buildin g i n ontologie s (howeve r  hyphenate d o r  compiled )  t o 

findin g way s tha t  a  process-oriente d m e m o r y woul d embod y (rathe r  tha n describe )  recurren t 

interaction s th e agen t  ha s wit h it s world .  I n short ,  situate d automat a researc h ha s lai d d o w n th e 

gauntlet :  H o w fa r  ca n w e g o i n removin g th e observer-designer' s commitment s fro m structure s 

buil t  int o th e machine ? 
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