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A b s t r a c t 

I t  i s propose d tha t  th e fundamenta l  differenc e betwee n 
representation s whos e constituen t  symbol s hav e 
intrinsi c meanin g (e.g .  menta l  representations )  an d 
thos e whos e symbol s hav e meaning s w e conside r 
"projected "  (e.g .  computationa l  representations )  i s 
causal .  Mor e specifically ,  thi s distinctio n depend s o n 
difference s i n h o w physica l  chang e i s brough t  about , 
or  wha t  w e cal l  "causa l  mechanisms" .  Thes e 
mechanism s serv e t o physicall y groun d ou r  intuitiv e 
notion s abou t  synta x an d semantics . 

I n t r o d u c t i o n 

One of the defming characteristics of mind is that the 
content s o f  menta l  states ,  i.e .  concept s an d conceptua l 
relationships ,  ar e intrinsicall y referential ;  the y refe r  t o 
thing s i n th e worl d withou t  requirin g externa l  agenc y 
t o realiz e thi s capacit y — thei r  meaning s ar e 
intrinsic .  Moreover ,  i t  seem s likel y tha t  thi s qualit y 
of  min d i s responsibl e fo r  th e kin d o f  understandin g 
we experienc e whe n readin g o r  whe n listenin g t o 
spoke n language . 

I t  ha s bee n argued  tha t  forma l  symbol s lik e thos e 
instantiate d i n digita l  computer s d o no t  hav e intrinsi c 
meaning ;  tha t  is ,  forma l  symbo l  manipulatio n i s no t 
sufficien t  fo r  semantic s (Searle ,  1980 ;  1990) .  A n y 
meanin g suc h symbol s purportedl y hav e i s projecte d 
ont o the m b y u s (Hamad ,  1990) .  Ye t  i t  i s  ofte n 
pointe d ou t  dia t  "a t  bottom "  everythin g i s jus t  synta x 
or ,  a s Haugelan d (1989 )  cogentl y observes , 
"meaning s d o no t  e x m mechanica l  forces" .  Unles s 
we ar e willin g t o believ e i n th e existenc e o f  som e 
sor t  o f  non-physica l  "mindstufr ,  w e eithe r  hav e t o 
agre e wit h th e majo r  tenet s o f  thi s latter ,  functionalis t 
vie w o r  accep t  th e burde n o f  provin g tha t  ther e i s 
some fundamenta l  physica l  differenc e betwee n menta l 
state s an d computationa l  state s tha t  migh t  explai n 
difference s i n thei r  referential  capacities . 

Of  course ,  no t  al l  th e potentiall y  supportin g 
evidenc e fo r  functionalis m ha s bee n gathere d an d m a y 
not  b e fo r  quit e som e time ;  compute r  system s ar e fa r 

fro m bein g robus t  enoug h t o matc h th e functiona l 
complexit y o f  min d and ,  therefore ,  t o tes t  th e 
"multipl e instantiations "  hypothesi s (Thagard ,  1986 ) 
whic h assert s tha t  i t  i s  onl y th e causa l  relationship s 
betwee n menta l  state s tha t  ar e physicall y relevan t  t o 
mind ,  no t  particula r  substrate s o r  architectures .  Ther e 
ar e plent y o f  reason s fo r  believin g tha t  thi s 
hypothesi s wil l  neve r  b e proved :  th e syste m 
complexit y require d t o tes t  it ,  th e operationall y  ill -
deHned natur e o f  Turing-typ e tests ,  th e "othe r  minds " 
problem ,  etc .  If ,  however ,  suc h causa l  association s 
ar e th e onl y physica l  requiremen t  o n whic h havin g a 
min d depend s (whethe r  o r  no t  thi s ca n actuall y b e 
demonstrated) ,  i t  woul d mea n tha t  semantic s i s ver y 
likel y th e produc t  o f  a  system' s functioning , 
implyin g tha t  computationa l  system s coul d 
understan d th e wa y w e do .  Searle' s counte r  t o thi s 
positio n i s a n intuitiv e argumen t  abou t  th e natur e o f 
our  understandin g an d a  clai m tha t  brains ,  no t 
computers ,  hav e th e righ t  "causa l  property "  t o 
produc e intentiona l  state s (Searle ,  1980) .  Thoug h h e 
say s nothin g furthe r  abou t  thi s causa l  property ,  w e 
migh t  infe r  tha t  h e doe s no t  believ e i t  t o b e jus t  th e 
set  o f  causa l  relationship s betwee n menta l  states , 
sinc e tha t  woul d rende r  i t  indistinguishabl e fro m 
functionalism . 

Instea d o f  waitin g fo r  th e se t  o f  causa l 
relationship s betwee n menta l  state s t o b e instantiate d 
computationall y (if ,  i n fact ,  tha t  i s  possible )  o r 
relyin g o n intuitiv e argument s abou t  understanding , 
our  strateg y her e i s t o advanc e Searle' s positio n b y 1 ) 
introducin g a  se t  o f  causa l  mechanism s whic h 
determin e th e kind s o f  physica l  change s tha t  ca n occu r 
when physica l  object s interact ,  an d 2 )  arguin g tha t 
difference s i n thes e causa l  mechanism s giv e rise  t o 
differen t  way s representing  entitie s mean .  Sinc e 
Searl e doe s no t  explai n wha t  "causa l  property "  is ,  w e 
tak e th e libert y o f  equatin g i t  wit h causa l  mechanis m 
and the n identif y differen t  causa l  mechanism s a s 
causa l  propertie s o f  differen t  kind s o f  informatio n 
processin g systems .  Thi s provide s u s wit h a 
physically-principle d basi s fo r  arguin g tha t  digita l 
computer s (indeed ,  al l  pattern-matchin g systems ,  a s 
we wil l  see )  diffe r  from  brain s i n h o w thei r  respective 
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reiR-esentin g entitie s mean .  Thi s latte r  differenc e 
strongl y suggest s tha t  understanding ,  insofa r  a s i t 
depend s o n ho w representin g entitie s mean ,  wil l 
alway s b e differen t  fo r  computer s an d brains ;  tha t 
havin g a  se t  o f  causa l  relation s betwee n state s i s no t 
equivalen t  t o havin g a  particula r  causa l  mechanis m 
tha t  enable s thos e relations ,  i.e .  tha t  transform s on e 
stat e int o th e next .  I n othe r  words ,  ther e ar e specia l 
physica l  processe s tha t  ar e th e basi s fo r  menta l 
rqnesentation s havin g intrinsi c meaning . 

Thre e Type s o f  M e a n i n g 

We begin by listing three ways representing entities 
can mean ,  tha t  is ,  thre e way s the y com e t o b e abou t 
th e thing s the y purportedl y represen t 

Projected Meaning — representing 

entitie s hav e meanin g b y virtu e o f  ou r 
projectin g i t  ont o them .  Th e associatio n 
betwee n representatio n an d referen t  i s 
arbitrary ;  tha t  is ,  input s ar e encode d b y u s 
or  b y procedure s w e construc t 

Grounded Meaning — representing 

entitie s hav e meanin g b y virtu e o f  thei r 
bein g grounde d i n th e analo g projection s 
of  sensor y stimul i  — th e relationshi p 
betwee n stimulu s an d interna l  re -
presentatio n i s non-arbitrar y (Hama d 
1990) . 

Intrinsic Meaning — representing entities 

have meanin g b y virtu e o f  thei r  bein g 
bot h grounde d i n analo g projection s an d 
causa l  b y th e sam e kin d o f  structure -
preservin g proces s tha t  underlie s thei r 
groundin g (Boyl e 1991) . 

We will argue that differences in these are due to 
difference s i n a  specifi c  aspec t  o f  physica l  objec t 
interaction s tha t  ha s s o fa r  bee n overlooke d a s bein g 
fundamenta l  t o ou r  understandin g o f  so-calle d 
information-processin g system s — ho w physica l 
object s ar e causa l  (Boyle ,  1991) ,  t o b e distinguishe d 
fro m wha l  change s the y cause .  Ou r  clai m i s tha t  thi s 
i s  th e onl y principle d criterio n fo r  distinguishin g th e 
abov e way s representin g entitie s ca n mean ,  no t 
correlatio n o r  for m similarit y whic h ar e customaril y 
used t o reaso n abou t  th e natur e o f  meanin g i n 
rqn-esentationa l  systems . 

I n wha t  follows ,  w e firs t  discus s correlatio n an d 
for m an d thei r  shortcoming s wit h respec t  t o 
determinin g ho w symbol s mean .  W e the n investigat e 
th e causa l  aspect s o f  rep̂ sentation s an d explai n ho w 
th e abov e type s o f  meanin g depen d o n wha t  w e 
identif y  a s "causa l  mechanisms" . 

Correlatio n 

As the designers of cognitive models, we determine 
what  meaning s th e constituen t  symbol s an d symboli c 
expression s hav e simpl y b y designatin g thei r 
referents .  W e the n procee d t o mak e thes e 
designation s (whic h w e stor e i n ou r  heads )  consisten t 
wit h th e effect s thos e symbol s an d symboli c 
expression s hav e o n syste m behavio r  vi a procedure s 
tha t  associat e th e symbol s an d symboli c expression s 
wit h actions .  Suc h action s ar e "grounded "  i n th e 
interactio n o f  syste m an d environmen t  — behaviora l 
groundin g — s o tha t  th e meaning s o f  th e symbol s 
behaviorall y correlat e wit h wha t  w e initiall y  intende d 
the m t o b e abou t 

Clearly ,  th e meaning s o f  th e symbol s an d 
symboli c expression s befor e w e integrat e the m int o a 
functionin g syste m ai c projected ,  jus t  a s an y objec t  i n 
th e worl d coul d b e interprete d a s representin g 
somethin g else .  Bu t  doe s makin g thi s pre -
implementational ,  projecte d meanin g consisten t  wit h 
syste m behavio r  chang e i t  fro m projecte d t o intrinsic ? 
I n othe r  words ,  i s consistenc y base d o n correlatio n 
sufficien t  fo r  semantics ? Accordin g t o functionalis m 
i t  shoul d be ;  i f  a  computationa l  system' s behavio r  i s 
indistinguishabl e fro m ou r  own ,  the n fro m th e 
multiple-instantiation s hypothesis ,  s o ar e it s 
"computational "  state s indistinguishabl e fro m ou r 
menta l  state s t o th e exten t  tha t  th e relevan t  feature s 
ar e causa l  relation s betwee n menta l  states .  Thus ,  it s 
constituen t  symbol s an d symboli c expression s mus t 
mean i n th e sam e wa y th e content s o f  ou r  menta l 
state s mean ,  whic h w e conside r  t o b e intrinsic .  Thi s 
sor t  o f  reasonin g seem s t o b e invoke d i n th e so-calle d 
"system s reply "  t o Searle' s Chines e Roo m argumen t 
— i f  th e syste m i s behaviorall y indistinguishabl e 
fro m a  nativ e Chines e speaker ,  the n i t  mus t 
understan d th e inpu t  (words )  i t  processe s i n a  manne r 
simila r  t o th e wa y w e understan d language . 

Ther e are ,  however ,  tw o issue s whic h sugges t  tha t 
thi s hypothesi s abou t  meanin g i n suc h systems , 
base d a s i t  i s  o n correlation ,  i s  no t  empiricall y 
testable .  Th e firs t  i s  a  practica l  one ;  becaus e 
verificatio n depend s o n behavior ,  i f  w e fai l  t o actuall y 
buil d suc h a  system ,  w e ma y b e unabl e t o determin e 
i f  ou r  failur e wa s du e t o th e omissio n o f  certai n 
interna l  stat e relationship s (e.g. ,  stat e X  cause s stat e 
Y)  o r  becaus e compute r  system s lac k som e physica l 
propert y tha t  prevent s u s fro m successfull y 
implementin g al l  suc h relationships .  Th e secon d 
issu e i s a  reminde r  o f  th e limitation s inheren t  i n 
makin g inference s abou t  th e natur e o f  a  system' s 
interna l  characteristic s base d o n it s behavior .  An y 
syste m whos e interna l  representatio n o f  th e worl d 
affect s it s behavio r  require s som e (presumabl y high ) 
degre e o f  consistenc y betwee n it s symbol s an d thei r 
referent s (wha t  Haugelan d (1989 )  see s a s a  stron g 
constrain t  o n th e numbe r  o f  possibl e interpretation s 
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of  it s symbols )  i f  tha t  syste m i s t o behav e i n a 
manner  w e woul d cal l  rational .  Bu t  sinc e thi s shoul d 
be th e cas e fo r  an y coherent ,  representin g system , 
whethe r  brai n o r  machine ,  i t  implie s tha t  behavior -
base d correlatio n i s no t  adequat e fo r  distinguishin g 
betwee n system s wit h intrinsi c meaning ,  lik e brains , 
and thos e whos e meaning s m a y onl y b e projected , 
lik e computationa l  model s o f  cognition . 

Functionalist s migh t  respon d b y pointin g ou t  tha t 
completenes s i s als o necessary ;  tha t  a  syste m wil l 
hav e intrinsi c meanin g onl y w h e n i t  i s  a s 
behaviorall y robus t  a s th e brain .  Bu t  w h y woul d a 
mor e complet e system ,  whic h differ s fro m on e tha t  i s 
les s complet e onl y i n th e numbe r  o f  stat e 
relationship s i t  instantiates ,  necessaril y  b e mor e 
consisten t  excep t  t o th e exten t  tha t  ther e i s simpl y 
mor e o f  i t  t o b e consistent ? Th e onl y plausibl e 
answer ,  on e whic h avoid s th e implicatio n tha t  th e 
symbol s i n an y consisten t  program ,  n o matte r  h o w 
simple ,  hav e intrinsi c meaning ,  i s tha t  cognitiv e 
propertie s migh t  emerg e whe n syste m complexit y (i n 
term s o f  th e numbe r  o f  rules ,  fo r  instance )  i s 
increase d beyon d som e threshold .  Bu t  unti l  w e 
determin e wha t  migh t  caus e thi s sor t  o f  emergence ,  i f 
indee d i t  coul d actuall y happen ,  w e mus t  depen d o n 
consistency . 

Thus ,  i t  seem s clea r  tha t  usin g behaviora l  criteri a 
t o explai n h o w representin g entitie s mea n leave s to o 
many question s unanswered .  Sinc e w e believ e ther e 
i s somethin g quit e specifi c  tha t  give s rise  t o intrinsi c 
meanin g an d sinc e w e rejec t  explanation s base d o n 
an y sor t  o f  non-physica l  Cartesia n mind-stuf f  o r 
emergence ,  th e onl y alternativ e a t  thi s poin t  i s  t o 
loo k fo r  physica l  difference s tha t  depen d o n th e 
structura l  characteristic s o f  representin g entities , 
independen t  o f  th e particula r  medium ,  an d o n h o w 
thes e physicall y affec t  syste m behavior .  Fo r 
example ,  wha t  ar e th e medium-independen t  physica l 
diffCTence s betwee n menta l  rq)resentation s o f  tree s an d 
thei r  computationa l  counterparts ? 

Ther e appea r  t o b e tw o kind s o f  physica l 
differences .  Th e first  i s  associate d wit h th e similarit y 
betwee n a  rq)resentin g entity' s for m an d tha t  o f  it s 
referen t  Th e secon d i s base d o n h o w symbol s i n 
variou s system s brin g abou t  change ;  h o w the y ar e 
causal .  A s w e note d above ,  wit h respec t  t o meaning , 
th e ]aue r  i s fundamental . 

For m 

symbol s ar e intrinsic ? I n th e Chines e R o o m ,  fo r 
example ,  i t  coul d b e argue d tha t  understandin g i s ver y 
differen t  fro m ou r  o w n becaus e ther e ar e n o form s 
accompanyin g th e structurally-arbitrar y inpu t 
symbol s tha t  ar e isomorphi c t o th e form s o f  th e 
referent s o f  thos e symbols .  W e acquir e thi s kin d o f 
"for m information "  visuall y an d associat e i t  wit h 
word s i n ou r  language ,  presumabl y t o understan d 
them ,  s o shoul d no t  computer s requir e th e sam e t o 
understan d language ? Perhaps ,  bu t  usin g for m 
similarit y t o determin e whethe r  th e meanin g o f  a 
representatio n i s intrinsi c o r  not ,  and ,  hence ,  whethe r 
a computer' s understandin g i s lik e ou r  own ,  i s 
problemati c fo r  tw o reasons . 

First ,  similarit y betwee n tw o shape s o r  structure s 
i s a  matte r  o f  degree ,  wherea s meanin g i s eithe r 
intrinsi c o r  i t  i s  not .  Otherwise ,  w e migh t  en d u p 
wit h a  representatio n i n whic h th e meaning s o f  som e 
symbols ,  o r  eve n part s o f  symbols ,  ar e intrinsi c 
whil e other s ar e not ,  implyin g tha t  someho w specifi c 
object s i n th e worl d giv e ris e t o differen t  type s o f 
meaning ,  o r  tha t  th e syste m understand s differen t 
object s differently ,  bot h o f  whic h see m highl y 
unlikely .  A  secon d proble m wit h for m similarit y 
concern s th e issu e o f  wha t  physicall y make s a 
particula r  representatio n simila r  i n for m t o it s 
referent ,  an d t o w h o m .  A t  first  glance ,  th e answe r  t o 
th e first  par t  seem s obvious .  Afte r  all ,  th e bitma p o f 
a tre e i s clearl y simila r  i n structur e t o it s referent . 
However ,  thi s m a y onl y b e a  similarit y t o us ;  digita l 
computer s probabl y d o no t  "see "  i t  tha t  way .  Fo r 
the m i t  i s  jus t  anothe r  patter n t o b e matched ,  n o 
differen t  tha n an y othe r  bitma p o r  arbitrar y 
combinatio n o f  symbol s becaus e i t  i s  onl y th e 
presenc e o f  a  matche r  whic h "fits "  th e patter n tha t  i s 
relevan t  t o th e pattern' s effec t  o n syste m behavior , 
not  it s particula r  form ,  i.e. ,  no t  it s  appearance . 
Hence ,  suc h structure s migh t  b e characterize d a s 
"intrinsicall y meaningless "  t o digita l  computer s 
becaus e the y ar e no t  causa l  accordin g t o appearance . 
Thi s wil l  becom e cleare r  afte r  w e introduc e causalit y 
as th e basi s fo r  distinguishin g differen t  type s o f 
meaning . 

Fo rm ,  therefore ,  i s  reall y a  criterio n fo r 
distinguishin g differen t  kind s o f  representation s (a t 
leas t  fo r  us )  suc h a s extrinsi c (e.g .  propositional )  an d 
intrinsi c (e.g .  iconic )  representation s (Palmer ,  1978) , 
not  meanings .  Tha t  is ,  for m ha s t o d o wit h h o w a 
representatio n encode s wha t  i t  represent s rathe r  tha n 
h o w i t  means . 

I f  th e physica l  form s o f  symbol s ar e unlik e thos e o f 
thei r  referents ,  whic h i s th e cas e fo r  fmtna l  symbol s 
i n computers ,  the n h o w ca n the y represen t  wha t  i t  i s 
the y ar e purportedl y abou t  unles s w e sa y the y do ,  tha t 
is ,  unles s thei r  meaning s ar e projected ? O n th e othe r 
hand ,  i f  th e structure s o f  symbo l  an d referen t  ar e 
simila r  o r  nearl y so .  ca n w e sa y th e meaning s o f  suc h 

C a u s a l  Cr i ter i a 

Having argued that behavior-based symbol-referent 
correlatio n an d for m similarit y ar e no t  adequat e fo r 
distinguishin g h o w representin g entitie s mean ,  w e 
n o w tur n t o causality ,  bu t  causalit y considere d i n a 
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non-standar d way .  Typically ,  causalit y i s expresse d 
i n term s o f  wh y somethin g happen s (cause )  o r  wha t 
happen s (effect) .  Thes e ar e combine d t o for m cause -
and-effec t  pair s whic h associat e a  particula r  entity ,  a 
symboli c expressio n fcH *  example ,  wit h th e effect s i t 
bring s abou t  — a  highl y functiona l  characterizatio n 
of  physica l  chang e aki n t o "if-then "  rules .  Th e 
physica l  processe s whic h actuall y produc e th e effect s 
get  burie d i n th e structureles s connectio n betwee n th e 
anteceden t  an d consequen t  o f  suc h forms .  I n othe r 
words ,  ther e i s n o sens e i n whic h th e associativ e lin k 
convey s h o w th e caus e actuall y bring s abou t  th e 
effect ,  onl y tha t  i t  does . 

Here ,  however ,  w e conside r  causalit y 
deterministically .  Tha t  is ,  w e determin e h o w 
particula r  effect s coul d b e brough t  abou t  w h e n 
physica l  object s interact .  Th e differen t  way s effect s 
ar e physicall y brough t  abou t  w e refe r  t o a s "causa l 
mechanisms" . 

Thre e Causa l  M e c h a n i s m s 

There are only three causal mechanisms for bringing 
abou t  chang e i n physica l  interactions :  nomologically -
determine d change ,  patter n matchin g an d structure -
preservin g superpositio n (Boyle ,  1991) .  Eac h 
mechanis m depend s o n a  particula r  aspec t  o f  physica l 
object s tha t  i s  responsibl e fo r  th e resultin g changes . 
Thes e ar e measure d attributes ,  for m an d appearance , 
respectively .  Thoug h physica l  object s hav e onl y tw o 
physica l  aspect s — measure d attribute s an d extende d 
stfuctur e — w e describ e th e latte r  a s for m o r  a s 
appearanc e dependin g o n whethe r  th e causa l 
mechanis m i s patter n matchin g o r  structure -

preservin g superposition ,  respectively. ^ 

1). Nomologically-determined change is the causal 
mechanis m tha t  underlie s mos t  physica l  interactions . 
Exemplifie d b y wha t  i s customaril y describe d i n th e 
literatur e a s "billiar d bal l  collisions" ,  th e effect s o f 
such  interaction s ar e determine d accordin g t o 
nomologica l  relationship s betwee n measure d 
attribute s (e.g .  m o m e n t u m )  o f  th e collidin g objects . 
W h en tw o billiar d ball s collide ,  th e outcom e o f  th e 
interactio n i s determine d b y th e la w o f  conservatio n 
of  momen tu m alon g wit h constrain t  relationship s 
tha t  depen d o n structura l  aspect s o f  th e particula r 
situation ,  suc h a s th e angl e o f  closes t  approach . 
Thus ,  th e change s tha t  resul t  fro m a n interactio n 
depen d onl y o n th e value s o f  measure d attribute s o f 

^Becaus e o f  spac e limitations ,  thes e claim s abou t  th e 
existenc e o f  onl y thre e causa l  mechanism s an d tw o 
physica l  aspect s o f  object s wil l  hav e t o remai n 
unsubstantiated ,  thoug h w e d o conside r  th e latte r  t o b e 
self-evident .  Object s als o hav e functiona l  an d variou s 
relationa l  aspect s (e.g .  part/whole) ,  bu t  thes e ar e no t 
physica l  aspects . 

th e collidin g objects ,  whic h determin e th e magnitud e 
and directio n o f  th e force s tha t  brin g abou t  thos e 
changes . 

Informationall y (i.e .  i f  measure d attribute s ar e 
take n t o represent),  th e change s ar e no t  indicativ e o f 
th e particula r  object s whic h interacted ,  onl y o f  th e 
value s o f  thei r  measure d attributes .  Certainl y initia l 
measured-attribut e value s o f  th e particula r  object s wil l 
caus e specifi c  valu e changes ,  bu t  thes e ar e situation -
specific ,  no t  object-specifi c  — the y d o no t  identif y 
particula r  object s — sinc e a )  ther e are ,  i n essence ,  a n 
infinit e numbe r  o f  configuration s fo r  tw o object s t o 
be i n w h e n the y collid e and ,  therefore ,  a n infinit e 
number  o f  differen t  value s t o describ e them ,  an d b ) 
thi s i s tru e fo r  an y tw o objects .  Analo g computer s 
ar e exemplar y o f  system s tha t  utiliz e nomologically -
determine d interaction s informationally ;  specifi c 
measure d attribute s o f  thei r  componen t  part s ar e take n 
t o represen t  quantitie s i n mathematica l  an d physica l 
model s o f  differen t  phenomen a an d th e interaction s o f 
thes e part s ar e engineere d t o produc e valu e change s 
whic h ccHTespon d t o valu e change s o f  th e represente d 
quantitie s i n th e models . 

2). Pattern matching is the physical process 
underlyin g man y biomolecula r  interactions ,  suc h a s 
enzym e catalysis ,  a s wel l  a s computationa l  change s 
i n digita l  computers .  Unlik e nomologically -
determine d change ,  patter n matchin g physicall y 
depend s o n th e form s o f  intwactin g object s becaus e a 
successfu l  patter n matc h ca n onl y occu r  i f  th e patter n 
an d matche r  structurall y "fit" .  T h e value s o f 
measure d attribute s o f  patter n an d matche r  ar e no t 
relevan t  t o th e patter n matchin g proces s excep t 
insofa r  a s die y physicall y enabl e i t  t o happen .  Tha t 
is ,  structur e fittin g involve s force s lik e an y othe r 
physica l  interaction .  Indeed ,  i f  th e interactin g 
structures ,  such  a s a  ke y an d a  doo r  lock ,  d o no t  fit, 
ther e i s n o se t  o f  measured-attribut e value s tha t  coul d 
lea d t o a n outcom e whic h woul d hav e bee n produce d 
i f  the y had . 

Thus ,  patter n matchin g depend s o n th e structura l 
form s o f  interactin g objects .  T h e actua l  chang e 
cause d b y thi s kin d o f  interaction ,  however ,  i s 
"simple "  (Pattee ,  1986 )  i n tha t  i t  doe s no t  embod y o r 
transmi t  structura l  feature s o f  th e pattern ,  and ,  i n fact , 
i s  generall y structureles s — e.g .  th e switchin g o f  a 
compute r  circui t  voltag e fro m "high "  t o "low "  a s th e 
outpu t  o f  a n electroni c comparator .  Becaus e th e 
patter n i s matche d a s a  whole ,  w e sa y tha t  its/or m 
cause s th e change .  Informationally ,  th e particula r 
patter n i s relevan t  onl y t o th e exten t  tha t  ther e i s a 
matche r  whic h fits  it .  Thi s i s th e reaso n symbol s i n 
forma l  symbo l  system s ca n hav e an y for m a s lon g a s 
the y admi t  o f  a  consisten t  interpretation . 

3). Like pattern matching, the third causal 
mechanism ,  structure-preservin g superposition ,  o r 
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S P S.  depend s o n extende d structure ,  bu t  i n a  ver y 
differen t  way .  Wherea s patter n matchin g i s base d o n 
th e existenc e o f  tw o structure s whic h fit ,  tha t  is .  o n 
th e form s o f  bot h patter n an d matcher ,  S P S actuall y 
cause s a  chang e tha t  i s th e transmissio n o f  a  pattern , 
lik e a  ston e imprintin g it s surfac e structur e i n a  piec e 
of  sof t  clay ,  s o tha t  th e effec t  i s a  structura l  formatio n 
of  th e specifi c  feature s o f  th e pattern' s extende d 
structure ;  tha t  is ,  it s  appearanc e rathe r  tha n form . 
Informationally ,  th e structur e o f  th e inpu t  i s 
transmitte d t o th e syste m receivin g it ,  i n contras t  t o 
pattern-matchin g system s whos e constituen t  matcher s 
recogniz e inpu t  patterns ,  bu t  d o no t  transmi t  them . 
S PS i s  "automatic "  i n that ,  a s a  physica l  process ,  i t 
ca n creat e n e w structure s simpl y b y physicall y 
superimposin g structures . 

T o reiterate ,  th e abov e thre e causa l  mechanism s 
ar e th e onl y way s physica l  object s caus e change ;  ther e 
ar e n o othe r  way s tha t  on e physica l  objec t  ca n affec t 
anothe r  excep t  b y on e (o r  both )  o f  it s onl y tw o 
physica l  aspects :  measure d attribute s an d extende d 
structure .  Insofa r  a s physica l  object s ca n b e take n t o 
represent ,  thes e causa l  mechanism s explai n h o w wha t 
we ten d t o cal l  informatio n affect s th e behavio r  o f 
informatio n processin g systems .  Thus ,  the y serv e a s 
a critica l  lin k betwee n informatio n an d th e physica l 
world .  Bu t  onl y i n th e case s o f  nomologically -
determine d chang e an d S P S ar e th e representin g 
entitie s actuall y changed .  I n patter n matching , 
extende d structur e i s use d onl y t o contro l  nomologica l 
changes ,  suc h a s voltag e switching . 

Causa l  Mechanism s an d Type s o f 
Meanin g 

It was suggested above that form isomorphism 
betwee n representatio n an d referen t  i s no t  sufficien t 
fOT intrinsi c meaning ;  jus t  becaus e a  symbo l  look s t o 
us lik e i t  represent s doe s no t  mea n i t  i s  no t  arbitrar y 
t o th e syste m withi n whic h i t  i s  embedded .  W e ar e 
not  talkin g her e abou t  th e kin d o f  arbitrarines s tha t 
woul d resul t  fro m ou r  designatin g a  tre e bitma p t o 
represen t  a  c o w ,  fo r  example ,  but ,  rather ,  th e 
arbitrarines s tha t  arise s w h e n th e for m o f  a  symbo l 
doe s no t  matte r  t o th e chang e i t  produces ,  whic h i s 
th e cas e fo r  patter n matchin g systems . 

I n patter n matchin g system s (whic h includ e al l 
artificia l  informatio n processin g system s excep t 
analo g computers )  th e matche r  an d patter n physicall y 
fit .  s o tha t  th e form s o f  symbol s and ,  hence ,  th e 
structura l  similarit y o f  symbo l  an d referent ,  doe s no t 
matter .  A n y for m ca n b e use d t o trigge r  a  particula r 
effec t  becaus e for m i s use d strictl y fo r  control .  Fo r 
example ,  th e informatio n abou t  tre e structur e coul d b e 
encode d a s a  bitma p (iconi c representation )  o r  a 
textua l  descriptio n (propositiona l  representation) ,  bu t 
i n both  case s matcher s tha t  fi t  th e representin g form s 

hav e t o b e presen t  i n orde r  fo r  tha t  representatio n t o 
b e causal ,  i.e .  fo r  i t  t o affec t  th e system' s 
functioning .  Th e resul t  o f  a  matc h i s a  stioictureles s 
chang e whic h trigger s th e nex t  informationally -
relevan t  physica l  change ,  suc h a s th e executio n o f  a 
subroutine .  Thus ,  fo r  al l  patter n matchin g systems , 
whic h include s digita l  computer s a s wel l  a s curren t 
connectionis t  system s (Boyle ,  1991) ,  th e meaning s o f 
representin g entitie s ar e projecte d becaus e th e physica l 
proces s o f  patter n matchin g eliminate s an y presume d 
functiona l  significanc e from  thei r  forms ,  regardles s o f 
h o w the y encod e wha t  the y purportedl y represent . 
Pattern s i n suc h system s seduc e u s int o believin g 
the y ar e inherenU y meaningfu l  because ,  i n fact ,  the y 
ar e t o us .  Bu t  the y ar e no t  inherenti y meaningfu l  t o 
th e system s precisel y becaus e matcher s physicall y fit 
them .  i.e .  thei r  appearance s ar e no t  relevan t  t o thei r 
functioning .  Onl y outpu t  ha s n o matcher ,  s o it s 
appearanc e doe s matter ;  tha t  is .  th e appearanc e o f  th e 
outpu t  determine s th e interactio n o f  th e syste m wit h 
it s environment .  Bu t  "inside "  th e syste m ther e ar e n o 
suc h criteri a fo r  constrainin g structure .  I n effect , 
structur e fittin g render s th e interna l  behavio r 
"mindless" . 

I n contras t  t o th e "arbitrary "  encoding s o f  referen t 
structure s i n stric t  patter n matchin g systems,  arbitrar y 
whethe r  encode d b y u s o r  procedure s w e writ e fo r 
acceptin g input ,  symbo l  groundin g involve s wha t 
H a m ad (1990 )  call s th e "analo g re-presentation "  an d 
"analo g reduction "  o f  sensor y stimul i  whic h generat e 
perceptua l  categor y representation s tha t  ai e no t 
arbitrar y wit h respec t  t o Uiei r  referents .  Base d o n hi s 
description ,  w e tak e thes e analo g processe s t o b e 
example s o f  SPS .  Th e resultin g iconi c structure s 
tha t  for m perceptua l  categorie s ar e the n associate d 
wit h abstrac t  symbols .  T h e meaning s o f  thes e 
symbol s ar e no t  exactl y projecte d becaus e th e 
relationshi p betwee n symbo l  an d referen t  i s 
physicall y grounde d i n th e sensor y input ;  tha t  is , 
SPS enable s th e extende d structur e o f  th e inpu t  signa l 
t o direcU y creat e perceptua l  representation s b y 
transmittin g the m (i n patter n matchin g systems ,  th e 
inpu t  i s no t  transmitte d bu t  encode d throug h a  se t  o f 
matchers) . 

Howeve r ,  i f  S P S i s  involve d onl y i n th e 
format io n o f  symbols ,  the n w e clai m tha t  thei r 
meanin g i s no t  intrinsi c becaus e subsequen t  t o thei r 
formation ,  Uiei r  extende d structure s ar e matched . 
Thei r  groundin g m a y b e "fixed" ,  bu t  i f  the y ar e no t 
causa l  Uu-oug h SPS ,  the n thei r  appearance s ar e n o 
longe r  relevan t  and ,  therefore ,  meaningfu l  t o th e 
syste m -  tha t  is ,  the y becom e causa l  throug h patter n 
matching ,  i n whic h cas e the y ar e lik e symbol s i n an y 
pattern-matchin g system .  I n othe r  words ,  SP S 
ground s th e structura l  relationshi p betwee n symbo l 
and referent ,  bu t  from  the n o n th e symbol s behav e a s 
fo rma l  patterns .  Ther e i s  nothin g abou t  thei r 
particula r  structure s tha t  i s necessar y fo r  th e specifi c 
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change s the y brin g about .  Onl y th e presenc e o f 
identicall y structure d matcher s i s  important .  W e 
coul d hav e don e a s muc h b y encodin g the m ourselve s 
becaus e onc e th e symbol s becom e pattern s t o b e 
matched ,  an y groundednes s the y ha d i s superfluou s t o 
thei r  effect s o n syste m functioning .  Nevertheless ,  w e 
wil l  refe r  t o thei r  meanin g a s grounded ,  which ,  i n 
essence ,  i s projecte d meanin g wit h a  non-arbitrar y 
for m relationshi p betwee n symbo l  an d referen t 

Accordin g t o th e presen t  thesis ,  onl y i f  thes e 
initiall y  grounde d symbol s ar e subsequentl y causa l 
throug h SP S woul d thei r  meaning s b e intrinsic .  T o 
be meaningfu l  t o a  system ,  the y mus t  caus e change s 
whic h actuall y embod y thei r  structura l  features ,  no t 
be "collapsed "  int o a  formles s outcome .  Thu s w e 
believ e SP S t o b e th e physica l  basi s fo r  semantic s 
and ,  hence ,  th e causa l  mechanis m underlyin g 
cognition ,  whic h i s partl y supporte d b y evidenc e from 
sensor y perception ,  i n th e for m o f  retinotopi c 
mqjping s o n th e primar y visua l  cortex ,  fo r  example . 
Furthermore ,  a s Churchlan d (1989 )  notes ,  "ther e ar e 
many othe r  cortica l  areas ,  les s wel l  understoo d a s t o 
exactl y wha t  the y map ,  bu t  whos e topographica l  re -
presentatio n o f  distan t  structur e i s plain. "  Thus ,  i t  i s 
SPS whic h w e offe r  her e a s th e fundamenta l  differenc e 
betwee n symbol s i n computer s an d brains ;  tha t  th e 
latte r  ar e semanti c whil e th e forme r  ar e onl y 
syntactic .  SPS ,  w e believe ,  i s Searle' s hypothesize d 
"causa l  [H-operty" . 

S u m m a ry an d Conclusion s 

Intrinsic meaning is identified here with 
representation s tha t  hav e a  causa l  capacit y t o effec t 
physica l  chang e throug h structure-preservin g 
superpositio n o r  SPS .  Withou t  thi s causa l 
mechanis m underlyin g physica l  chang e i n a 
representin g system ,  an y meanin g associate d wit h th e 
representatio n i s projecte d ont o i t  b y us .  Physica l 
system s exhibitin g thi s latte r  propert y ar e pattern -
matchin g systems ,  suc h a s digita l  computer s (patter n 
matchin g i s  thei r  underlyin g causa l  property) . 
Grounde d meanin g i s  exhibite d b y symbol s i n 
system s whic h hav e a  structure-preservin g 
relationshi p betwee n interna l  representation s an d thei r 
referents ,  bu t  whos e subsequen t  effect s o n syste m 
behavio r  ar e enable d throug h patter n matchin g — 
thei r  meanin g i s projected ,  thoug h the y ar e roote d i n a 
non-arbitrar y for m relationshi p wit h thei r  referents . 

I n summary ,  w e hav e trie d t o sho w tha t  ther e i s a 
plausibl e physica l  explanatio n fo r  th e apparen t 
difference s i n meanin g an d understandin g possesse d b y 
computer s an d brain s tha t  begin s t o forg e a 
connectio n betwee n ou r  intuition s abou t  min d an d th e 
physica l  world .  I t  i s  base d o n a  previousl y 
unexplore d analysi s o f  causality ;  ho w caus e effect s 
change .  It s implication s ar e tha t  purel y syntacti c 

structure s ar e thos e whic h ar e causa l  throug h patter n 
matching ,  whil e semanti c structure s ar e thos e whic h 
ar e causa l  throug h SP S and ,  hence ,  ar e thos e whos e 
meaning s ar e intrinsic .  Thi s furthe r  implie s tha t 
patter n matchin g system s m a y neve r  b e abl e t o 
instantiat e th e se t  o f  causa l  relationship s betwee n 
menta l  state s and ,  therefore ,  m a y no t  b e capabl e o f 
simulatin g min d becaus e th e physica l  proces s o f 
patter n matchin g i s  fundamentall y differen t  fro m 
SPS.  W e speculat e tha t  thi s shortcomin g wil l  likel y 
manifes t  itsel f  a s a  learnin g deficit . 
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