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Ar e Computationa l  Explanation s Vacuous ? 

Vinod Goel 
Institut e o f  Cognitiv e Scienc e 

Universit y  o f  California ,  Berkele y 
goel@cogsci.berkeley.ed u 

A b s t r a c t 

Ther e i s a  certai n worr y abou t  computationa l  informa -
tio n processin g explanation s whic h occasionall y 
arises .  I t  take s th e followin g genera l  form :  Th e in -
formationa l  conten t  o f  computationa l  system s i s no t 
genuine .  I t  i s  ascribe d t o th e syste m b y a n externa l 
observer .  Bu t  i f  thi s i s  th e case ,  w h y can' t  i t  b e 
ascribe d t o an y system ? An d i f  i t  ca n b e ascribe d t o 
any system ,  the n surel y  i t  i s a  vacuou s notio n fo r  ex -
planator y purposes .  I  respon d t o thi s worr y b y argu -
in g tha t  no t  ever y syste m ca n b e accuratel y describe d 
as a  computationa l  informatio n processin g system . 

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

Computers play a very different role in cognitive 
scienc e tha n the y d o i n othe r  disciplines ,  suc h a s 
meteorology ,  cit y planning ,  o r  physics .  N o on e 
claim s tha t  traffi c  patterns ,  thunde r  storms ,  an d 
galaxie s ar e computationa l  systems .  Th e clai m i s 
simpl y tha t  man y aspect s o f  thei r  "behavior "  — i n fac t 
any aspec t  t o whic h w e ca n giv e a n algorithmi c 
descriptio n — ca n b e simulate d o n a  compute r  (give n 
sufficien t  resources) . 

The cognitiv e scienc e clai m i s o f  a  ver y differen t 
nature .  W e d o no t  simpl y clai m tha t  cognitiv e pro -
cesse s ca n b e simulate d o n computationa l  systems ,  bu t 
rathe r  tha t  cognitiv e processe s ar e computationa l  pro -
cesses .  Th e interestin g version s o f  th e cognitiv e clai m 
(Fodor ,  1975 ;  Fodor ,  1981 ;  Fodor ,  1987 ;  Johnson -
Laird ,  1983 ;  Newell ,  1980 ;  Pylyshyn ,  1984 )  mak e i t 
clea r  tha t  thi s i s no t  han d wavin g o r  a  metaphorica l 
way o f  speaking .  I t  i s  mean t  t o b e take n ver y liter -
ally. ' 

Thus ,  cognitiv e scienc e ha s a  ver y specia l  clai m 
on th e notio n o f  computatio n no t  share d b y othe r 
disciplines .  Computatio n i s no t  simpl y a  modelin g 
too l  fo r  us .  I t  lie s a t  th e cente r  o f  ou r  theoretical / 
explanator y apparatus .  Ou r  theorie s o f  cognitio n 
quantif y ove r  th e notio n o f  computationa l  informatio n 
processin g an d us e thi s notio n i n th e explanatio n o f 
cognitiv e behavior . 

Ther e is ,  however ,  a  worrisom e proble m wit h th e 
notio n o f  computationa l  informatio n processin g whic h 
i s ofte n raised .  O n mos t  accounts ,  computationa l  in -
formatio n processin g i s as-if .  I t  i s a  matte r  o f  ascrip -
tion .  Bu t  — s o th e objectio n goe s — anythin g ca n b e 
describe d as-i f  i t  i s  doin g computationa l  informatio n 
processing .  I f  anythin g ca n b e describe d as-i f  i t  i s 
doin g computationa l  informatio n processing ,  the n t o 
explai n cognitio n a s computationa l  informatio n 
processin g i s no t  t o advanc e a  substantiv e thesis . 

A numbe r  o f  researcher s hav e note d th e proble m 
and hav e bee n worrie d b y i t  t o differen t  degree s 
(Chomsky .  1980 ;  C u m m i n s ,  1989 ;  Dietrich .  1990 ; 
Fodor ,  1975 ,  p.74 ,  footnot e 15 ;  Searle ,  1984 ;  Searle , 
1990) .  However ,  n o satisfactor y respons e ha s bee n 
forthcoming . 

I n thi s papC T I  woul d lik e t o respon d t o th e for m 
of  thi s proble m raise d b y Searl e (1990) .  I  wil l  argu e 
that ,  fro m th e fac t  tha t  computationa l  informatio n 
processin g i s as-if .  an d thu s ascribe d t o a  system ,  i t 
doe s no t  follo w tha t  i t  ca n b e ascribe d t o an y system . 
I n fact ,  ther e ar e som e ver y stringen t  constraint s tha t 
system s hav e t o mee t  befor e the y ca n b e describe d a s 
doin g computationa l  informatio n processing .  Bot h 
my discussio n o f  th e problem ,  an d m y response ,  shal l 
be restricte d t o "classical "  computationa l  system s an d 
explanation s (i.e. ,  th e Languag e o f  Though t  an d 
Physica l  Symbo l  System s typ e accounts). ^ 

T h e V a c u o u s n e s s O b j e c t i o n 

Searle's (1990) specific objection takes the 
followin g form :  Computatio n i s define d syntactically . 
But  synta x i s no t  intrinsi c t o th e physics .  I t  i s 
assigne d t o th e physic s b y a n outsid e observer .  I n 
fac t  i t  ca n b e assigne d t o an y physica l  system .  Thi s i s 
disastrou s becaus e w e wan t  "t o kno w h o w th e brai n 
works. "  I t  i s n o hel p t o b e tol d tha t  "th e brai n i s a 
digita l  compute r  i n th e sens e i n whic h th e stomach , 
liver ,  heart ,  sola r  system ,  an d th e stat e o f  Kansa s ar e 
al l  digita l  computers. "  W e wan t  t o kno w wha t  fac t 
abou t  brain s make s the m digita l  computers .  "I t  doe s 
not  answe r  tha t  questio n t o b e told ,  yes ,  brain s ar e 

Th e cognitivis t  clai m i s no t  th e ver y stron g clai m tha t  computatio n 
i s bot h necessar y an d sufficien t  fo r  cognition .  I t  i s  th e mor e 
interestin g clai m tha t  oompuutio n i s necessai y fo r  cognition . 

^ A ver y brie f  discussio n o f  connectionis t  informatio n processin g 
claim s ca n b e foun d i n Goe l  (1991) . 
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digita l  computer s becaus e everythin g i s a  digita l 
computer "  (Searie ,  1990 .  p.26) . 

Th e logica l  structur e o f  Searle' s argumen t  i s th e 
following : 

P I )  Computatio n i s defme d syntactically . 
P2)  Synta x i s no t  intrinsi c t o th e physics . 
P3)  Synta x ca n b e assigne d t o an y system . 
Therefore :  A n y syste m ca n b e describe d a s 
a computationa l  system . 

I  wil l  argu e tha t  premis e P I  i s  false ,  an d thu s th e con -
clusio n doe s no t  follow . 

I  thin k tha t  Searle' s intuitio n abou t  synta x 
(premis e P2 )  i s correct .  T h e synta x o f  externa l  sym -
bo l  system s i s no t  intrinsi c t o th e physics .  Perhap s 
th e w a y t o constru e synta x i s a s a n arbitrar y propert y 

o f  th e worl d tha t  w e us e t o individuat e element s t o 
whic h w e wil l  assig n a  semantica l  interpretation .  Bu t 
th e notio n o f  syntax ,  whil e necessary ,  i s no t  sufficien t 
fo r  th e notio n o f  computatio n tha t  w e us e i n classica l 
cognitiv e scienc e (contrar y t o PI) .  W e als o nee d no -
tion s o f  causatio n an d interpretability .  An d i f  ther e i s 
mor e t o computatio n tha n syntax ,  the n fro m th e fact s 
tha t  synta x i s ascribe d t o a  syste m (P2) ,  an d tha t  i t  ca n 
be assigne d t o an y syste m (P3) ,  nothin g interestin g 
abou t  computatio n follows . 

The burde n o f  m y response  wil l  b e t o argu e tha t 
ther e i s mor e t o computatio n tha n synta x — 
specifically ,  causatio n an d interpretabilit y  — an d thes e 
notion s i n tur n plac e stringen t  restriction s o n th e 
assignmen t  o f  synta x t o physica l  system s fo r  purpose s 
of  describin g the m a s computationa l  systems . 

S t r u c t u r e o f  Classica l  C o m p u t a t i o n a l 

E x p l a n a t i o n s ^ 

I have argued elsewhere (Goel, 1991) that what 
cognitiv e scienc e wants/need s fro m compute r  scienc e 
i s a  notio n o f  informatio n processing ,  wher e informa -
tio n processin g require s (i )  quantificatio n ove r  th e con -
ten t  o f  state s o f  th e system ,  an d (ii )  a  causa l  implica -
tio n o f  tha t  conten t  i n th e behavio r  o f  th e system . 
Such a  notio n o f  informatio n processin g i s derive d 
from  ou r  fol k psycholog y an d seem s t o b e th e th e on e 
desire d b y a n numbe r  o f  writer s (Dretske ,  1989 ;  Fodor , 
1975 ;  Fodor .  1987 ;  Newell ,  1980 ;  Newel l  &  Simon , 
1981 ;  Pylyshyn ,  1984) .  I  wil l  cal l  an y notio n o f 
informatio n processin g whic h satisfie s thes e tw o 
critoia ,  a  notio n o f  cognitiv e informatio n processing . 

Suc h a  notio n o f  cognitiv e informatio n processin g 
doe s not ,  o n mos t  accounts ,  satisf y th e requirement s o f 
"respectabl e scientifi c  explanations" .  I t  use s menta l  o r 
intentiona l  predicates ,  whic h themselve s requir e 
explanation .  W h a t  w e nee d i s a  mechanisti c accoun t 
of  cognitiv e informatio n processin g whic h cashe s ou t 

-'Pan *  o f  thi s an d th e followin g section i  ar e adopte d fro m Goe l 
(1991) . 

th e intentiona l  predicates .  I t  i s fo r  thi s tha t  w e tur n t o 
compute r  science . 

A s i t  turn s out ,  compute r  scienc e ca n no t 
currentl y delive r  suc h a n accoun t  (Goel ,  1991 ;  Searie , 
1980 ;  Searie ,  1984) .  I t  can .  however ,  delive r  a n 
epistemi c counterpar t  t o i t  i n th e notio n o f 
computationa l  informatio n processing .  Th e notio n o f 
computationa l  informatio n processin g whic h w e ge t 
fro m compute r  scienc e involve s (i )  th e systemati c 
individuatio n o f  physica l  state s int o computationa l 
states ,  (ii )  th e assignmen t  o f  conten t  t o thos e states , 
an d (iii )  th e systemati c recoverabilit y  o f  computationa l 
state s an d content s a t  eac h ste p i n th e trajector y o f  th e 
syste m ove r  time . 

Minimally ,  suc h assignmen t  an d interpretabilit y 
involve s th e following : 
A )  O n e need s t o b e abl e t o (i )  assig n (a t  th e initia l 

stat e o f  th e system ,  t=0 )  a  subse t  o f  th e physica l 
state s o f  th e syste m t o equivalenc e classe s o f 
physica l  state s (i. e computationa l  states) ;  (ii )  cor -
relate  a  subse t  o f  th e computationa l  state s wit h 
reference-classes;  an d (iii )  onc e th e assignment s 
an d correlation s hav e bee n se t  up ,  on e mus t  b e 
abl e t o loo k a t  th e physica l  state s o f  th e syste m 
an d systematicall y recove r  th e computationa l 
state s an d reference-classes.  T o recove r  computa -
tiona l  state s means ,  minimally ,  tha t  i t  i s  possi -
bl e t o identif y equivalence-classe s o f  physica l 
state s an d "rea d o f f  thei r  content .  I n certai n 
case s thi s conten t  wil l  b e a n addres s o f  anothe r 
computationa l  stat e o r  device .  T o recove r  refer-
ence-classe s means ,  minimally ,  t o trac e throug h 
th e pointer s t o th e actua l  computationa l  stat e o r 
devic e bein g referred  lo . 

B )  O n e mus t  b e abl e t o (i )  maintai n th e assignmen t 
an d interpretatio n o f  th e syste m a s i t  evolve s 
throug h time ;  i.e. ,  give n an y instantaneou s 
descriptio n o f  th e syste m on e shoul d b e abl e t o 
recove r  th e computationa l  states ,  th e reference -
classe s (a s above) ,  an d a  pointe r  t o th e nex t 
instantaneou s descriptio n i n th e sequence ;  (ii ) 
give n a  tempora l  sequenc e o f  instantaneou s 
descriptions ,  i t  mus t  b e th e cas e tha t  som e se t  o f 
th e computationa l  state s o f  th e instantaneou s de -
scriptio n a t  t  caus e th e computationa l  state s 
and/o r  devic e activation s a t  instantaneou s descrip -
tio n t+1 ,  an d d o s o b y virtu e o f  th e ver y prop -
ert y whic h gaine d the m membershi p int o tha t 
equivalenc e clas s o f  states ;  an d (iii )  th e computa -
tiona l  stor y on e tell s o f  th e syste m mus t  paralle l 
th e causa l  story . 

We can consider these necessary criteria for a no-
tio n o f  computationa l  informatio n processing .  A n y 
syste m whic h ca n satisf y thes e criteri a m a y b e calle d a 
C I P system . 

T h e relationshi p betwee n cognitiv e an d computa -
tiona l  informatio n processin g i s th e following :  I n th e 
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cas e o f  cognitiv e informaiio n processin g ther e i s a n 
onti c fac t  o f  th e matte r  a s t o th e conten t  o f  a  menta l 
stale ,  independen t  o f  assignabilit y  an d inierprctability . 
But  sinc e ther e can' t  b e suc h a  fac t  withou t  genuin e 
reference/content ,  th e systemati c assignabilit y  an d in -
topretabilit y  o f  computationa l  informatio n processin g 
give s u s a n q)istemi c fact ,  o r  a t  leas t  that' s th e intu -
ition .  Similairly ,  i n th e cognitiv e case ,  w e hav e th e 
conten t  o f  menta l  state s causall y implicate d i n behav -
ior ,  bu t  agai n ther e ca n b e n o suc h onti c fac t  withou t 
genuin e reference/content .  Bu t  again ,  bein g abl e t o 
trac e throug h th e evolutio n o f  th e syste m (b y main -
tainin g th e assignabilit y  an d interpretabilit y  o f  th e in -
stantaneou s descriptions) ,  an d discoverin g a  parallelis m 
betwee n th e causa l  an d logica l  level s i n th e computa -
tiona l  case ,  give s u s a n epistemi c fact ;  o r  again ,  that' s 
th e intuition .  I n goin g fro m cognitiv e informatio n 
processin g t o computationa l  informatio n processin g 
we ar e i n effec t  tradin g i n som e ontolog y fo r  episte -
mology ,  a  m o v e tha t  i s  no t  withou t  precedent . 

T o summarize ,  th e for m tha t  I  a m suggestin g tha t 
classica l  computationa l  explanation s tak e i s depicte d i n 
Figur e 1 .  W e hav e a  notio n o f  cognitiv e informatio n 
processing ,  derive d from  fol k psychology ,  tha t  w e ap -
peal  t o i n explainin g cognitiv e behavior .  However ,  i t 
contain s menta l  predicate s whic h nee d t o b e cashe d 
out .  W e tur n t o classica l  computationa l  mechanism s 
fo r  thi s purpose .  However ,  thes e mechanism s canno t 
direcd y satisf y th e criteri a o f  cognitiv e informatio n 
processing .  The y can ,  however ,  giv e u s a  relate d 
notio n o f  computationa l  informatio n processing , 
whic h i s underwritte n b y a  reasonabl y well-understoo d 
mechanism .  S o th e strateg y i s t o m a p th e notio n o f 
cognitiv e informatio n processin g ont o th e notio n o f 
computationa l  informatio n processin g an d t o explai n 
th e latte r  notio n wit h a  classica l  computationa l 
mechanism . 

Mappin g 

Cognitiv e 
informatio n 
processin g 

Computationa l 
informatio n 
processin g 

Explanatio n 

"Classical " 
Computationa l 
Mechanis m 

Figur e 1 .  Structur e o f  classica l  computationa l  explana -
tion.  Se e text . 

This ,  o f  course ,  leave s u s wit h s o m e dee p 
question s abou t  what ,  i f  anything ,  i s gaine d b y 

accountin g fo r  computationa l  informatio n processing , 
w h en ou r  rea l  interes t  i s  cognitiv e informatio n 
processing .  However ,  Uii s questio n wil l  no t  b e pursue d 
here .  T h e focu s o f  thi s pape r  i s t o sho w dia t  th e 
notio n o f  computationa l  informatio n processin g w e 
get  i s no t  vacuous .  It s relationshi p t o cognitiv e 
informatio n processin g wil l  b e considere d elsewhere . 

C o n s t r a i n t s o n C I P S y s t e m s 

Satisfying the criteria for computational informa-
tion  processin g place s rathe r  sever e constraint s o n an y 
system .  I n fact ,  i t  i s  th e cas e tha t  onl y a  syste m 
whic h meet s th e followin g constraint s ca n b e inter -
prete d a s a  CI P system : 

1) Equivalence classes of physical states of tiie sys-
te m mus t  b e specifie d i n term s o f  som e functio n 
of  causall y efficaciou s characteristic s suc h a s 
shap e o r  size . 

2 )  Thes e equivalenc e classe s o f  physica l  state s mus t 
be disjoin t 

3 )  Membershi p o f  physica l  state s i n equivalenc e 
classe s mus t  b e effectivel y differentiate ,  wher e 
differentiabilit y  i s  ultimatel y limite d b y physica l 
possibilities . 

4 )  Eac h stat e i n th e trajector y o f  th e syste m mus t  b e 
"causall y connecte d i n th e right  way" .  Whil e th e 
specificatio n o f  "causall y connecte d i n th e right 
way"  i s obviousl y problematic ,  th e intuitio n i s 
somethin g lik e th e following :  Certai n physica l 
state s i n th e instantaneou s descriptio n a t  t n mus t 

hav e a  direc t  causa l  ccHinectio n t o certai n physica l 
state s i n instantaneou s description s a t  tn- i  an d 

tn+i -  Th e connectio n mus t  b e suc h tha t  certai n 

physica l  state s a t  tn- i  caus e o r  brin g abou t  cer -

tai n physica l  state s a t  tn ,  whic h i n tur n brin g 

abou t  certai n state s a t  t n + i ,  an d s o on . 

Furthermor e th e transformatio n o f  th e computa -
tional  stat e C S n a t  t n int o CSn- f  i  a t  tn+ i  mus t 
be realize d a s th e causa l  transformatio n o f  physi -
cal  stat e PS n a t  t n int o P S n + I  a t  tn+l ,  wher e 

P Sn a t  t n an d P S n + 1 a t  tn+ l  ar e a  subse t  o f 
physica l  state s o f  th e syste m whic h ar e t o b e 
mapped ont o computationa l  states . 

5 )  Th e correlatio n o f  equivalenc e classe s o f  physica l 
state s wit h content s and/o r  reference-classe s — 
withi n eac h instantaneou s descriptio n o f  th e tra -
jector y — mus t  b e unambiguou s i n th e sens e 
tha t  eac h m e m b e r  o f  a n equivalenc e clas s o f 
physica l  state s mus t  pic k ou t  th e same ,  single , 
conten t  and/o r  refo-ence-class . 

6 )  Th e membershi p o f  entitie s i n reference-classe s 
must  b e effectivel y differentiable . 

7 )  Th e transformatio n o f  Ui e syste m from  on e in -
stantaneou s descriptio n t o th e nex t  instantaneou s 
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descriptio n mus t  b e suc h tha t  th e abov e si x crite -
ria  ar e preserved . 

These are necessary constraints on CIP systems 
and m a y b e calle d CI P constraints .  I t  i s  wort h notin g 
tha t  som e ar e constraint s o n th e individuatio n o f  syn -
tacti c elements ,  whil e other s ar e constraint s o n se -
manti c interpretation .  I f  an y o f  thes e constraint s ar c 
violated ,  the n som e criteri a o n computationa l  infor -
matio n processin g wil l  als o b e violated .  Fo r  exam -
ple : 

• If equivalence classes of physical states arc not speci-
fie d i n term s o f  som e causall y efficaciou s property , 
the n B(ii )  wil l  b e violated . 

•  I f  th e individuatio n o f  equivalenc e classe s o f  physica l 
state s i s no t  disjoint ,  ther e wil l  b e no t  b e a  fac t  o f 
th e matte r  a s t o whic h computationa l  stat e som e 
physica l  stat e belong s to ,  thu s thwartin g th e as -
signmen t  o f  computationa l  state s t o physica l  states . 
Thi s woul d b e a  violatio n o f  A  &  B(i) . 

•  I f  th e individuatio n o f  computationa l  state s o f  th e 
syste m i s no t  effectivel y differentiable ,  the n — 
whethe r  the y ar e disjoin t  w  no t  — n o procedur e wil l 
be abl e t o effectivel y mak e th e assignmen t  o f  physi -
cal  state s t o computationa l  states .  Fo r  example ,  i f 
th e individuatio n o f  computationa l  state s i s dense , 
the n i n th e assignmen t  o f  physica l  state s t o compu -
tationa l  states ,  ther e wil l  alway s b e tw o computa -
tiona l  state s suc h tha t  on e canno t  b e rule d ou t  a s no t 
belongin g t o a  give n physica l  state .  Thi s woul d 
als o violat e A  an d B(i) . 

•  I f  th e correlatio n o f  computationa l  state s wit h refer -
ence-classe s i s ambiguous ,  the n ther e wil l  b e n o fac t 
of  th e matte r  a s t o th e referen t  o f  an y give n compu -
tationa l  state ,  an d th e systemati c interpretabilit y  o f 
th e syste m wil l  b e impaired .  Thi s woul d violat e 
A(iii )  an d B(i) . 

•  I f  membershi p i n reference-classe s i s no t  effectivel y 
differentiable .  the n n o effectiv e procedur e wil l  b e 
abl e t o specif y whic h objec t  an y give n computa -
tiona l  stat e refer s to .  Fo r  example ,  i f  th e referenc e 
classe s ar e densel y wdered ,  the n i n th e assignmen t  o f 
object s t o classes ,  ther e wil l  b e tw o classe s fo r  an y 
objec t  O ,  suc h tha t  i t  i s  no t  effectivel y possibl e t o 
say tha t  O  doe s no t  belon g t o one .  Thi s woul d vio -
lat e A(ii ,  iii )  &  B(i ) 

•  I f  th e causa l  constrain t  i s  violated ,  w e wil l  no t  ge t 
an isomorphis m betwee n th e physica l  an d computa -
tiona l  stor y an d violat e B(ii ,  iii) .  Furthermore ,  w e 
wil l  ge t  th e absur d result s tha t  time-slic e sequence s 
of  arbitrary ,  unconnecte d pattern s (e.g .  th e conjunc -
tio n o f  th e physica l  state s consistin g o f  crater s o n 
th e moo n a t  tl ,  th e meteo r  showe r  o n Neptun e a t  t2 , 
th e foo d o n m y plat e a t  t3 ,  th e traffi c  patter n o n th e 
Bay Bridg e a t  t4 ,  etc. )  qualif y a s computationa l  sys -
tems . 

I f  a t  an y instantaneou s descriptio n o f  th e system , 
any o f  th e abov e constraint s ar e violated ,  the n a t  tha t 
poin t  som e constrain t  o n computationa l  informatio n 
pxKcssin g wil l  b e violated . 

N o t  E v e r y S y s t e m i s a  C I P S y s t e m 

The final step in the argument is to show that not 
ever y physica l  syste m i s a  CI P system ,  an d tha t  ther e 
i s indee d a  fac t  o f  th e matte r  a s t o whethe r  som e sys -
te m is ,  o r  i s  not ,  a  CI P system .  Give n th e natur e o f 
CI P constraints ,  determinatio n o f  CI P system s ca n b e 
made a t  jus t  th e syntacti c level ,  o r  th e syntacti c an d 
semanti c levels .  Bot h situation s ar e discusse d below . 

Syntacti c Individuatio n 

Let's take a particular dynamical system — for 
example ,  th e sola r  syste m — an d as k whethe r  i t  i s  a 
CI P system .  I f  w e accep t  th e physical/causa l  stor y 
give n b y Newtonia n mechanic s — whic h recognize s 
thing s lik e planets ,  gravitationa l  force ,  th e shap e o f 
orbits ,  etc .  — an d us e i t  t o individuat e th e state s an d 
transformation s o f  th e system s (whic h ar e mappe d 
ont o computationa l  state s an d transformations) ,  ou r 
questio n become s somethin g like ,  "d o th e orbit s o f  th e 
planet s aroun d th e su n constitut e a  CI P system?" .  I 
thin k on e ca n unproblematicall y sa y the y d o no t  Fo r 
one thing ,  th e instantaneou s descripuon s o f  th e syste m 
wil l  b e densel y ordere d an d thu s violat e th e effectiv e 
differentiabilit y  constraints . 

Of  course ,  i t  i s  possibl e t o tak e th e sola r  syste m 
and individuat e component s an d relation s i n suc h a 
way tha t  th e CI P constraint s ar e m e t  Fo r  example ,  a 
colleagu e suggeste d th e followin g individuation :  "w e 
ca n divid e u p th e orbi t  int o quadrants ,  assig n die m 
numbers ,  thin k o f  the m a s states ,  an d observ e tha t 
eac h i s followe d b y th e nex t  wit h law-lik e regularity." * 
Whil e thi s i s logicall y coherent ,  th e poin t  i s  tha t  ther e 
i s noUiin g i n ou r  physic s (i.e. ,  ou r  scienc e o f  th e sola r 
system )  tha t  requires ,  necessitates ,  o r  sanction s suc h 
an individuation .  Ther e ar e tw o reason s wh y suc h 
individuation s ar e no t  generall y sanctioned .  First ,  the y 
do no t  pic k ou t  higher-leve l  regularitie s whic h deepe n 
our  understandin g o f  th e system .  (I f  the y di d pic k ou t 
suc h regularities ,  w e woul d incorporat e the m int o ou r 
scientifi c  story. )  Second ,  the y ma y no t  eve n coincid e 
wit h ou r  scientifi c  story .  Fo r  example ,  wher e a  plane t 
i s locate d i n a  quadran t  a t  time  t j  doe s no t  matte r  fo r 

thi s particula r  individuation ,  bu t  i t  ma y matte r  ver y 
much t o th e physical/causa l  story .  I t  ma y b e th e cas e 
tha t  particula r  location s i n th e quadran t  ar e associate d 
wit h varyin g degree s an d type s o f  causa l  interaction s 
wit h othe r  heavenl y bodies .  I f  thi s i s th e case ,  thi s 
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individuatio n doe s no t  coincid e wit h ou r  physic s an d 
can b e dismisse d o n tha t  basis . 

Semant i c Individuatio n 

Can we make the same claims about the semantic 
constraints ? Give n a n arbitrar y dynamica l  system ,  ca n 
ther e b e a  fac t  o f  th e matte r  a s t o whethe r  i t  does ,  o r 
does not ,  satisf y th e semanti c constraint s o n CI P 
systems ? I f  on e choose s no t  t o interpre t  th e syste m 
semantically ,  clearl y ther e ca n b e n o suc h fact .  Th e 
questio n wil l  neve r  arise .  However ,  th e importan t 
poin t  i s  that ,  i f  on e doe s choos e t o interpre t  th e 
system ,  the n relativ e t o a  specifi c  individuatio n o f 
state s an d transformation s (ie .  a  particula r  syntacti c in -
dividuation )  an d a  specifi c  semanti c interpretation , 
ther e i s a  matte r  o f  fac t  a s t o whethe r  th e syste m i s a 
CI P syste m o r  not .  T o ge t  thi s matte r  o f  fact ,  on e pro -
ceed s a s follows : 

(i) Decide on the system and phenomenon you are in-
tereste d i n an d th e leve l  a t  whic h i t  occurs . 

(ii )  Understan d th e system/phenomeno n o n it s o w n 
physical/causa l  terms ;  i.e. ,  explicat e th e structur e 
and dynamic s o f  th e syste m whic h ar e causall y 
relevan t  i n th e productio n o f  th e phenomeno n un -
der  investigation . 

(iii )  Us e th e physical/causa l  structur e t o individuat e 
equivalenc e classe s o f  physica l  state s an d trans -
formation s whic h ar e t o b e assigne d t o computa -
tiona l  state s an d transformation s (i.e. ,  th e 
syntacti c interpretation) . 

(iv )  Specif y th e progra m th e syste m i s suppose d t o b e 
runnin g (i.e. ,  th e semanti c interpretation )  an d 
agai n us e th e causa l  structur e an d dynamic s o f  th e 
syste m t o interpre t  th e computationa l  state s an d 
transformations . 

(v )  As k whethe r  thi s individuatio n an d interpretatio n 
meet s th e constraint s o n CI P systems . 

The system under investigation may or may not 
meet  th e CI P constraints .  I t  ma y fai l  i n th e first  in -
stanc e becaus e th e causa l  structur e an d dynamic s o f  th e 
syste m resul t  i n a n individuatio n o f  (computational ) 
state s an d transformation s whic h d o no t  mee t  th e syn -
tacti c constraints .  I t  m a y fai l  i n th e secon d instanc e 
becaus e — sinc e referenc e i s correlate d wit h causatio n 
— th e causa l  networ k o f  th e syste m ma y no t  suppor t 
th e interpretatio n o f  computationa l  state s an d 
transformation s require d b y th e progra m whic h th e 
syste m i s suppose d t o b e runnin g (i.e. ,  th e semanti c 
constraints) . 

I s ou r  stomac h — a s a  processo r  o f  foo d — a 
CI P syste m wit h respec t  t o a  certai n individuatio n an d 
interpretatio n o f  computationa l  state s an d transforma -
tions ? I t  i s  a n empirica l  question .  Ther e i s n o a  prior i 
answer  independen t  o f  th e causa l  structur e an d dynam -

ic s o f  th e syste m an d a  specifi c  semanti c interpreta -
tion .  O n e need s t o {voceei d a s abov e an d discove r  th e 
answer .  I s ou r  brai n a  CI P syste m unde r  th e relevan t 
individuatio n an d interpretatio n o f  computationa l  state s 
and transformations ? Tha t  is .  d o th e structur e an d 
dynamic s o f  th e brai n whic h ar e causall y relevan t  i n 
th e productio n o f  menta l  lif e satisf y th e C I P 
constraints ? Mayb e the y do ;  mayb e the y don't .  I t  is , 
as cognitiv e scienc e claims ,  a n empirica l  question . 

Sinc e th e fact s abou t  CI P system s ar e relativ e t o 
some individuatio n an d interpretatio n o f  computationa l 
state s an d transformations ,  the y nee d no t  b e uniqu e 
facts .  A  syste m m a y tur n ou t  t o b e a  C I P syste m 
wit h respec t  t o severa l  individuation s an d interpreta -
tions .  Bu t  ther e i s n o reaso n t o believ e tha t  i t  wil l 
tur n ou t  t o b e a  CI P syste m wit h respec t  t o ever y in -
dividuatio n an d interpretatio n becaus e th e CI P con -
straint s ti e th e individuatio n an d interpretatio n int o th e 
physical/causa l  structur e o f  th e system . 

C o n c l u s i o n 

If it is indeed the case that (i) we appeal to 
computationa l  system s fo r  a  notio n o f  computationa l 
informatio n processing ,  (ii )  onl y C I P system s ca n 
satisf y th e criteri a o n computationa l  informatio n 
processing ,  an d (iii )  no t  ever y syste m i s a  CI P system , 
the n fro m th e (correct )  premis e tha t  synta x i s no t 
intrinsi c t o th e physics ,  i t  doe s no t  follo w tha t  th e 
notio n o f  computatio n a s use d b y cognitiv e scienc e i s 
vacuous . 

Indeed ,  t o sa y th e brai n i s a  compute r  i s  t o mak e a 
ver y substantia l  empirica l  claim .  W h a t  cognitiv e 
scienc e i s doin g b y appealin g t o computatio n — an d 
claimin g i t  i s a  necessar y conditio n fo r  cognitio n — i s 
puttin g forwar d th e empirica l  hypothese s tha t  th e 
mechan is m tha t  underwrite s computationa l 
informatio n processin g i s th e ver y sam e mechanis m 
whic h underwrite s cognitiv e informatio n processing . 
Thi s mechanis m i s a  dynamica l  syste m tha t  satisfie s 
th e CI P constraints .  Thu s th e cognitiv e syste m o n 
thi s vie w i s  accuratel y describe d a s a  CI P system . 
Thi s clai m i s no t  vacuous ,  no r  harbor s a n 
homunculus .  I t  ma y o f  cours e b e false ,  bu t  tha t  i s a 
separat e questio n whic h ca n b e determine d onl y b y 
empirica l  enquiry . 
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