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Abstrac t 

The extent to which human cognition can be understood as 
rule-base d i s a  classi c issu e i n Cognitiv e Scienc e an d on e 
whic h continue s t o provok e heate d debat e i n a  wid e variet y 
of  areas ,  rangin g fro m Implici t  Learnin g throug h Inflec -
tiona l  Morpholog y t o th e acquisitio n o f  readin g skills .  De -
spit e it s centrality ,  th e centra l  notio n o f  "rule "  i s fa r  fro m 
well-defined .  Thi s pape r  examine s a  centra l  featur e o f  mle -
base d models ,  th e concep t  o f  rule-following ,  an d clarifie s 
it s  role ,  it s  content ,  an d som e o f  th e typica l  fallacie s asso -
ciate d wit h it s  use . 

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

T o wha t  exten t  huma n cognitio n i s base d o n rule s i s a  cogni -
tiv e questio n o f  longstandin g interest .  I n th e earl y day s o f 
AI ,  th e rule-base d natur e o f  huma n though t  wa s axiomatic ; 
rule s n o longe r  hav e thi s general ,  dominan t  role ,  bu t  rule -
base d account s o f  particula r  task s stil l  abound .  Artificia l 
Grammar  Learnin g (Reber ,  1989 ;  Brook s &  Vokey ,  1991 ; 
Redingto n &  Chater ,  1996 )  an d Inflectiona l  Morpholog y 
(Rumelhar t  &  McClelland ,  1986 ;  Plunket t  &  Marchman , 
1992 ;  Pinker .  1991 ;  Marcu s e t  al. ,  1995 ;  Nakis a &  Hahn . 
1996 )  ar e bu t  tw o area s whic h ar e dominate d b y ongoin g 
debat e betwee n proponent s o f  rule-base d account s an d sup -
porter s o f  alternativ e model s suc h a s exemplar-base d o r  con -
nectionis t  accounts .  Despit e thi s continue d interes t  i n rules , 
th e ver y notio n o f  rul e i s on e o f  th e mos t  confuse d withi n 
Cognitiv e Science .  Thi s i s  manifest ,  t o nam e jus t  on e ex -
ample ,  i n th e lac k o f  consensu s abou t  whethe r  o r  no t  connec -
tionis t  network s hav e o r  embod y rules :  statement s t o th e 
effec t  tha t  the y clearl y d o not ,  and ,  hence ,  offe r  alternative s 
t o rule-base d account s (Rumelhar t  &  McClelland ,  1986 ; 
Smith ,  Langston ,  &  Nisbett ,  1992 )  ca n b e contraste d wit h 
th e clai m tha t  "contrar y t o rumour ,  i t  i s  no t  th e cas e tha t 
connectionis t  system s hav e n o rules "  (Bate s &  Elman .  1993 , 
pg.  634) . 

Conceptua l  clarificatio n i s essentia l  i f  debat e abou t  rule s i s 
t o hav e substance .  I n servic e o f  suc h clarification ,  thi s pape r 
focusse s o n a  centra l  aspec t  o f  th e notio n o f  rul e -th e dichot -
o my betwee n behavio r  whic h i s guide d b y rule s a s oppose d 
t o behavio r  merel y describe d b y rules .  Thi s distinctio n i s 
fundamenta l  t o wha t  i t  mean s fo r  a  behavio r  t o b e rule-based , 
yet  confusio n bot h abou t  it s  conten t  an d it s rol e prevails . 

"Rules" in cognitive contexts: "strong" 

a n d " w e a k "  read ing s 

What  exactl y d o researcher s mea n whe n the y appea l  t o 
rule s i n explainin g behavior ? W e ca n distinguis h tw o differ -
ent  kind s o f  usag e o f  "rule" ,  whic h w e wil l  respectivel y refe r 
t o a s "weak "  an d "strong" .  Example s o f  wea k usag e o f  th e 
ter m rul e ar e statement s suc h as ,  fo r  example ,  a  general ,  be -
haviora l  clai m tha t  a  languag e learne r  ha s succeede d i n 
"masterin g th e rule s o f  English "  o r  th e assumptio n tha t  in -
fant s ar e bor n wit h "rule s fo r  looking "  whic h guid e thei r 
exploratio n o f  th e visua l  environment .  Statement s lik e thes e 
use th e ter m "rule "  t o refe r  t o a n externa l  regularit y (o f  Eng -
lish )  o r  t o a n interna l  constrain t  withou t  makin g a  clai m 
abou t  menta l  architecture ,  i.e. ,  withou t  wishin g t o endors e a 
particula r  vie w abou t  ho w th e externa l  regularit y o r  th e in -
nat e constrain t  ar e internall y represente d b y th e agent .  Suc h 
a wea k usag e o f  th e ter m rul e i n a  cognitiv e contex t  i s N O T 
th e focu s o f  th e debat e abou t  menta l  rules ,  no r  i s i t  th e focu s 
of  thi s paper . 

Rather ,  thi s debat e i s concerne d wit h th e "strong "  us e o f 
rule .  O n th e stron g reading ,  speakin g o f  a n agen t  a s possess -
in g a  rul e i s a  statemen t  abou t  cognitiv e architecture .  I t  i s 
th e clai m tha t  a n agen t  ha s menta l  representation s o f  a  p)ar -
ticula r  representationa l  format ,  a  forma t  whic h i s  distinc t 
fro m othe r  type s o f  menta l  representation .  Thi s stronger , 
mor e specifi c  clai m lie s a t  th e hear t  o f  th e debate s i n Artifi -
cia l  Grammar  Learnin g o r  Inflectiona l  Morphology ,  wher e 
rule-base d model s ar e contraste d wit h exempla r  o r  connec -
tionis t  accounts . 

Rule following 

Most  importantly ,  th e stron g use ,  o n whic h w e wil l  focu s 
below ,  claim s a n agent-interna l  rol e fo r  th e rule .  Th e clai m 
i s on e abou t  th e natur e o f  th e representation s underlyin g a 
particula r  behavior .  Statin g tha t  a n agen t  possesse s a  particu -
la r  rul e i s no t  merel y sayin g tha t  thi s agent' s behavio r  dis -
play s a  particula r  regularity ,  bu t  rathe r  tha t  thi s "rule "  ha s a 
causa l  rol e i n producin g thi s behavior :  th e behavio r  ha s th e 
regularit y i t  does ,  becaus e th e agen t  possese s th e rul e i n 
question . 

Thi s i s commonl y phrase d i n term s o f  th e distinctio n be -
twee n rule-guided ,  o r  "rule-following" ,  behavio r  an d behavio r 
whic h i s  merel y convenientl y describe d b y rul e (se e e.g. , 
Marcu s e t  al. ,  1995) .  Fo r  a n exampl e o f  rule-following ,  on e 
can thin k o f  lega l  system s an d thei r  effec t  (wher e document s 
encodin g th e la w caus e particula r  behavior s suc h a s payin g 
certai n amount s o f  tax) ,  wherea s a  standar d exampl e o f  rule -
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describabeabl e bu t  no t  rule-guide d behavio r  i s tha t  o f  th e 
planets—thei r  orbit s ar e well-describe d b y physica l  laws ,  bu t 
the y d o no t  themselve s us e thes e law s t o guid e thei r  behav -
ior . 

I t  i s  thi s notio n o f  rule-following ,  rule-guide d behavior , 
tha t  i s  implie d b y th e clai m tha t  a  particula r  bahavio r  i s  rule -
based .  Statin g tha t  performanc e i s base d o n rule s i s no t  say -
in g merel y tha t  thi s performanc e i s well-describe d b y a  par -
ticula r  rul e o r  rules ,  bu t  rathe r  tha t  i t  i s  a n instanc e o f  rule -
guide d behavior . 

I n th e remainde r  o f  thi s paper ,  w e wil l  investigat e wha t 
thi s clai m reall y means ,  h o w an d w h y i t  make s sens e i n th e 
contex t  o f  cognitiv e architectur e an d w h y i t  i s  important .  W e 
wil l  als o dra w attentio n t o s o m e importan t  pitfall s  whic h 
hav e th e potentia l  t o rende r  th e empirica l  debat e abou t  rule s 
conceptuall y vacuous . 

The basi c intuitio n distinguishin g rule-guide d fro m 
merel y rule-describeabl e behavio r  i s straightforwar d enough . 
Our  theor y o f  planetar y motio n i s no t  a  "cognitiv e theory" ; 
i t  doe s no t  posi t  menta l  representation s whic h th e planet s ac t 
on,  an d correspondingly ,  w e d o no t  assum e tha t  planetar y 
motio n i s "rule-based" .  Suc h a n account ,  whil e logicall y 
possible ,  woul d b e considere d ludicrous . 

Difficultie s star t  t o aris e becaus e th e sam e over t  behavio r 
ca n b e subjec t  t o th e rule-guided/rule-describabl e distinction . 
Imagine ,  fo r  instance ,  driver s stoppin g a t  a  re d light ;  i f  I  sto p 
at  th e red  ligh t  becaus e o f  m y knowledg e o f  traffi c  regula -
tion s I  a m followin g th e rule ;  i f  I  stop ,  totall y obliviou s t o 
thes e regulations ,  becaus e I  a m intrigue d b y th e sigh t  o f  a 
prett y colour ,  I  a m behavin g i n accordanc e wit h th e rul e "i f  a 
traffi c  ligh t  i s  red ,  the n stop" ,  and ,  hence ,  m y behavio r  ca n 
be describe d b y it ,  bu t  I  a m no t  followin g it . 

Thi s latte r  exampl e illustrate s w h y th e distinctio n i s rele-
van t  i n cognitiv e contexts :  onl y th e rule-guide d cas e show s a 
particula r  for m o f  a  psychologica l  explanation .  Onl y her e i s 
an over t  behavio r  linke d t o a  typ e o f  explanation ,  whic h 
makes referenc e t o agen t  interna l  states ,  e.g. ,  " I  stop ,  becaus e 
I  kno w th e traffi c  rule" .  Merel y statin g th e regularity — "a t  a 
re d light ,  th e agen t  stops "  lack s thi s explanator y force . 

Regularities and statements of regularities 

The precedin g discussio n implie s tha t  i n th e contex t  o f  rule -
base d explanation s o f  cognitio n "rules "  mus t  b e sharpl y dis -
tinguishe d fro m mer e "regularities. "  A  "rule "  i s no t  th e regu-
larit y itsel f  bu t  rathe r  a  statemen t  o f  th e regularity .  I n othe r 
words ,  a  rul e i s a  representatio n o f  th e regularit y whic h fol -
low s a  particula r  representationa l  format .  Differen t  author s 
disagre e o n wha t  format s exactl y qualif y a s rules ,  bu t  al l 
impl y rule-followin g a s discusse d here . 

Wit h th e distinctio n betwee n th e regularit y pe r  s e an d th e 
rul e a s a  statemen t  o f  th e regularit y firml y i n view ,  w e ca n 
see tha t  rule-base d model s offe r  a  kin d o f  explanator y "defaul t 
account" ,  i n th e sens e tha t  the y ar e conceptuall y straightfor -
war d t o generate ,  a  fac t  whic h ha s presumably ,  greatl y con -
tribute d t o thei r  popularity .  Rule-base d account s ar e straight -
forwar d t o deriv e becaus e onc e a  regularit y ha s bee n observed , 
we nee d onl y posi t  a  representatio n o r  statemen t  o f  tha t  regu -
larit y whic h i s agen t  interna l  an d w e hav e th e cor e o f  a  cog -

nitiv e account .  Given ,  fo r  example ,  th e observatio n tha t  th e 

vas t  majorit y o f  Englis h word s for m a  pas t  tens e b y addin g 
th e suffi x /ed/—th e regularity—on e ca n immediatel y deriv e a 
cognitiv e accoun t  b y positin g a  menta l  representatio n o f  thi s 
regularity ,  roughl y "fo r  pas t  tens e ad d /ed/" ,  a s a n interna l 
rul e whic h speaker s ar e usin g t o generat e th e appropriat e 
form s (se e e.g. .  Pinker ,  1993 )  an d on e ha s a  cognitiv e theor y 
of  pas t  tens e production . 

Of  course ,  jus t  becaus e suc h a n accoun t  i s conceptuall y 
eas y t o c o m e by ,  doe s no t  m e a n i t  i s  empiricall y adequate . 
I n al l  liklihood ,  th e regularit y ca n b e exploite d i n differen t 
ways ,  givin g rise  t o alternativ e cognitiv e accounts ;  i n th e 
wors t  case ,  th e regularit y migh t  b e spurious— a mer e corre -
lat e o f  th e "true "  underiyin g cause .  Returnin g t o th e pas t 
tens e example ,  Englis h no t  onl y ha s regula r  forms ,  whic h 
tak e +/ed/ ,  bu t  irregular s suc h a s sing/sing ,  hit/hit ,  o r 
sleep/slept .  Thes e ar e no t  jus t  isolate d exception s bu t  ofte n 
c o me i n familie s suc h a s sing/rin g an d the y ca n for m th e 
basi s fo r  generalizatio n o f  non-word s suc h a s "spling" . 
Hence ,  a  certai n regularit y hold s betwee n phonolog y o f  th e 
singula r  an d th e typ e o f  pas t  tens e for m a  nove l  wor d re-
ceives .  O n e ca n exploi t  thi s regularit y b y extractin g th e rele -
van t  phonologica l  feature s tha t  determin e a  particula r  pas t 
tens e type ,  collatin g the m int o a n explici t  statemen t  an d the n 
usin g thi s statemen t  o f  th e regularitie s t o identif y th e pas t 
tens e o f  a  n e w word ;  o n thi s accoun t  nove l  form s woul d b e 
generate d o n th e basi s o f  a  collectio n o f  rules :  exceptiona l 
rule s statin g phonologica l  regularitie s fo r  irregular s an d a 
genera l  rul e "ad d +/ed/ "  whic h i s use d wher e th e exceptiona l 
rule s fai l  t o apply .  Alternatively ,  a  simpl e "neares t  neigh -
bour "  strateg y ( a simpl e exempla r  account )  migh t  wor k jus t 
as well :  here ,  a  nove l  wor d i s alway s inflecte d i n th e sam e 
w ay a s th e k n o w n wor d t o whic h i t  i s  phonologicali y mos t 
similar .  Ther e ar e n o rule s a t  all ,  neithe r  genera l  no r  excep -
tional .  Thi s strateg y migh t  wor k equall y wel l  becaus e pho -
nologicali y clos e item s wil l  naturall y shar e th e regularit y i n 
question .  Neares t  neighbou r  model s ar e "structur e mirrors" , 
whic h reflec t  th e structur e present—here ,  i n th e Englis h lexi -
c o n — b ut  d o no t  extrac t  an d explicitl y  represen t  thi s struc -
ture s a s rule s do .  The y ca n succeed ,  becaus e i t  i s  ultimatel y 
th e sam e regularit y tha t  i s  bein g exploited ,  albei t  i n a  differ -
ent  way . 

I t  i s  thi s possibilit y  o f  alternativ e mean s o f  exploitin g th e 
same regularit y tha t  make s rule-base d reasonin g a n issu e an d 
tha t  make s cognitiv e psychologica l  explanatio n non-trivial . 
I f  rule-base d account s wer e th e onl y model s conceivable ,  th e 
most  challengin g tas k woul d b e tha t  o f  findin g th e pertinen t 
regularities .  Psychologica l  explanatio n i n term s o f  menta l 
representation s an d processe s woul d b e reduce d t o perpetua l 
positin g o f  interna l  statement s o f  thes e regularitie s ("rules" ) 
and woul d ad d nothin g much .  Becaus e w e k n o w tha t  a  pleth -
or a o f  conceptua l  alternative s exists ,  however ,  th e discover y 
of  a  salien t  regularit y ca n onl y eve r  b e th e firs t  ste p fo r  psy -
chologica l  theorizing .  Thi s hold s eve n i n domain s suc h a s 
natura l  languag e synta x wher e th e discover y o f  th e dominan t 
regularitie s i s b y n o mean s a n eas y task .  A n y descriptio n o f 
suc h a  regularit y mus t  alway s b e supplemente d wit h aix l 
accoun t  o f  h o w thi s regularit y i s exploited .  Becaus e rule s ar e 
onl y on e possibl e representationa l  forma t  whic h ca n delive r 
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suc h a n account ,  mor e mus t  b e give n tha n th e possibilit y  o f 
a rule-base d account ;  i t  mus t  b e show n tha t  th e posite d rule s 
ar e causall y efficacious . 

R u l e f o l l o w i n g a n d t h e causa l i t y o f 
r e p r e s e n t a t i o n 

Causa l  efficac y i s typicall y cite d a s th e hallmar k o f  rule -
guide d behaviour .  Fo r  instance ,  Searle ,  i n a  critiqu e o f 
Chomsky' s (1980 )  Rule s an d Representations ,  hold s that ,  i n 
contras t  t o rule s a s use d i n th e natura l  science s whic h merel y 
describ e an d explain ,  th e us e o f  rule s i n explanatio n o f  hu -
m an behavio r  require s tha t  th e conten t  o f  th e rul e mus t  func -
tio n causall y i n th e productio n o f  th e ver y behavio r  th e rul e 
seek s t o explai n (Searle ,  1980) . 

First ,  fro m wha t  w e hav e sai d above ,  i t  i s  clea r  tha t 
Searle' s positio n mus t  b e disagree d wit h i n on e respect :  i t  i s 
not  "th e conten t  o f  th e rule "  whic h mus t  functio n causally , 
but  rathe r  th e statemen t  (representation )  o f  th e rule .  It s con -
tent ,  a s w e hav e see n i s jus t  th e regularit y i n question ;  but , 
as w e hav e als o seen ,  thi s regularit y ca n b e exploite d i n dif -
feren t  ways .  I t  i s  onl y whe n i t  i s  use d b y a  particula r  typ e o f 
representationa l  forma t  tha t  w e spea k o f  rule-base d accounts ; 
i t  i s  thi s particula r  typ e o f  representatio n tha t  mus t  functio n 
causally ,  no t  th e regularity . 

Second ,  w e mus t  as k wha t  i t  actuall y mean s t o "functio n 
causally "  an d h o w thi s ca n b e ascertained .  Loosel y followin g 
C h o m s ky (1986 )  w e assum e tha t  w e ar e entitle d t o hol d tha t 
an agen t  i s followin g a  rul e R  i f  ou r  "bes t  theory "  o f  wha t 
th e agen t  i s doing ,  i.e. ,  th e bes t  w e ca n construc t  wit h th e 
availabl e evidence—invoke s a  menta l  representatio n o f  R . 
But  thi s require s furthe r  clarificatio n bot h o f  wha t  i t  i s  a  bes t 
theor y o f  an d wha t  evidenc e mus t  b e take n int o account . 

We hav e alread y see n tha t  rule-guide d behavio r  i s abou t  a 
particula r  typ e o f  explanation .  Th e sor t  o f  explanatio n whic h 
suc h a  "bes t  theory' ^  seek s t o provid e i s a n accoun t  o f  behav -
io r  i n term s o f  menta l  representation s an d procedures ;  Fo r 
"causa l  efficacy "  w e requir e n o mor e tha n tha t  th e rule s ar e 
invoke d i n a n explanator y accoun t  whic h involve s procedure s 
drawin g o n representation s o f  thes e rule s an d tha t  thi s ex -
planator y accoun t  constitute s ou r  "bes t  theory "  available . 

Suc h explanator y account s i n term s o f  representation s an d 
procedure s ar e exactl y wha t  researcher s engage d i n classi c 
rul e debate s suc h a s Artificia l  G r a m m a r  Learnin g o r  Inflec -
tiona l  Morpholog y ar e seeking .  Mos t  importandy ,  ther e i s 
no restrictio n o n wha t  evidenc e i s permissabl e o r  relevant . 

I n ou r  pas t  tens e example ,  evidenc e fo r  wha t  constitute s 
th e bes t  theor y i s b y n o mean s confine d t o th e abilit y  o f  th e 
model s t o produc e th e right  pas t  tens e forms .  Rather ,  bot h 
model s exhibi t  a  whol e rang e o f  characteristic s whic h giv e 
rise  t o furthe r  predictions .  Fo r  example ,  the y requir e differen t 
learnin g strategie s (rul e inductio n vs .  instanc e storage )  an d a s 
a resul t  m a y produc e quit e differen t  learnin g profiles :  th e 
tim e cours e o f  learnin g ca n differ ,  a s migh t  b e wha t  i s eas y 
and hard .  O n e migh t  b e mor e toleran t  o f  "noise '  i n th e dat a 
an d s o on .  A n y suc h attribute s ca n b e calle d upo n i n assess -
in g whic h theor y bes t  fit s  th e data ,  a s wel l  a s th e desir e fo r 
parsimon y an d coherenc e wit h othe r  bodie s o f  theor y whic h 
we brin g t o th e task . 

The importance of levels 

Additionally ,  th e importanc e o f  level s o f  descriptio n mus t  b e 
emphasized .  Level s o f  descriptio n ar e inheren t  i n th e contex t 
of  biology—ou r  theorie s ca n invok e brai n regions ,  neurons , 
or  neurotransmitters—a s wel l  a s i n computatio n wher e w e 
ca n reiterat e th e questio n o f  h o w a n algorith m i s imple -

mente d proceedin g downward s fro m "C-code "  t o assembl y 
language ,  t o logi c gates ,  t o silico n an d s o on .  Hence ,  th e 
issu e o f  level s i s unavoidabl e fo r  cognitiv e theorizing .  I t  i s 
pertinen t  i n thi s context ,  becaus e account s i n term s o f  repre -

sentation s an d procedures ,  putativ e "bes t  theories" ,  migh t  b e 
availabl e a t  multipl e level s a s bot h biologica l  an d computa -
tiona l  example s suggest . 

Specifically ,  production-rul e system s ar e Turin g equiva -
lent ,  tha t  is ,  an y effectivel y solvabl e algorithmi c proble m 
ca n b e solve d b y a  productio n syste m (Post ,  1943) .  Thi s 
means,  an y computatio n ca n b e mad e "rule-based "  and ,  a s a 
result ,  an y cognitiv e theor y coul d b e perceive d a s mle-base d 
i f  ther e ar e n o constraint s o n level .  I n particular ,  th e neares t 
neighbou r  accoun t  o f  th e pas t  tens e coul d b e implemente d 
usin g productio n rules ,  givin g ris e t o th e spuriou s clai m tha t 
performanc e wa s "rule-based "  afte r  all . 

Similarly ,  th e constraint s o n wha t  consitute s 
"connectionism "  see m wea k enoug h t o allo w implementa -
tio n o f  virtuall y anythin g an d connectionis t  implementation s 
of  "higher-level "  cognitiv e account s ar e regularl y presented , 
e.g. ,  Kruschke' s (1992 )  A L C O V E ,  whic h implement s a n 
exempla r  mode l  popula r  i n th e categorizatio n literature )  o r 
Touretzk y an d Hinton' s (1988 )  implementatio n o f  a  produc -
tion-rul e system . 

Thi s mean s commitmen t  t o a  particula r  leve l  o f  descrip -
tio n i s required .  I n particular ,  sweepin g contrast s betwee n 
connectionis t  an d rule-base d account s o f  cognition ,  lackin g 
commitmen t  t o a  particula r  explanator y level ,  lac k focu s and , 
hence ,  substance . 

The scope of the distinction 

Inocuou s a s ou r  renditio n o f  wha t  i t  mean s fo r  behaviu r  t o b e 
rule-guide d migh t  look ,  i t  ha s a  numbe r  o f  highl y desirabl e 
properties .  First ,  i t  applie s equall y t o agen t  external , 
"public "  rule s an d t o agen t  internal ,  "private "  rules" ,  i.e. ,  t o 
rule s I  a m tol d a s wel l  a s rule s I  posi t  t o myself; '  further -
more ,  i t  ca n appl y equall y t o rules ,  whic h ar e formulate d i n 
natura l  languag e an d t o "taci t  rules "  t o whic h w e typicall y 
hav e n o consciou s access .  Thi s i s becaus e i t  i s  defined ,  gen -
erally ,  i n term s o f  causa l  efficac y o f  a  representatio n wit h 
requisit e format .  Again ,  i t  doe s no t  obviat e th e nee d fo r  deci -
sio n o n whic h format s qualify ,  bu t  thi s i s a  questio n whic h 
itsel f  arise s equall y fo r  th e natura l  languag e cas e an d fo r  puta -
tiv e cognitivel y impenetrabl e representations . 

Second ,  ou r  renditio n o f  "rule-guided "  allow s on e t o se e 
tha t  wha t  i s generall y treate d a s on e o f  th e m a n y problemati c 
issue s abou t  rule s i s ultimatel y a  genera l  issu e o f  cognitiv e 
theorizing .  "Rules "  ar e no t  special :  th e rule-guide d vs .  rule -
describeabl e distinctio n i s al l  abou t  th e inferenc e fro m salien t 
regularitie s t o cognitiv e model s whic h exploi t  thes e regulari -
ties .  Fo r  behaviou r  t o b e rule-based ,  mor e mus t  b e show n 
tha n th e regularit y itself ,  thi s "more "  bein g th e "causa l  effi -

1 Thi s contrasts ,  fo r  instance ,  wit h Quin e (1972) . 
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cacy "  whic h w e hav e reconstructe d a s "explanator y rol e i n 
our  bes t  theory" .  Thi s "more" ,  however ,  i s  a  requiremen t 
whic h an y cognitiv e account ,  rule-base d o r  other ,  mus t  meet . 
Th e issue ,  really ,  i s  abou t  certai n type s o f  cognitiv e explana -
tion ,  no t  on e particula r  t o rules. ^ 

What  i s particula r  t o rules ,  i s  th e eas e wit h whic h regular -
it y an d rul e ar e confounde d an d th e read y availabilit y  o f  a 
rule-base d cognitiv e story .  Anythin g ca n b e describe d b y a 
rul e i n th e sens e tha t  an y regularit y ca n b e state d i n a 
(sufficientl y rich )  language ,  i n a  forma t  whic h correspond s t o 
our  natura l  intuitio n o f  rule .  Thi s i s simpl y a  fac t  abou t  lan -
guag e an d description .  But ,  give n suc h a  description ,  w e ca n 
als o alway s us e thi s a s th e hear t  o f  a  rule-base d cognitiv e 
model  whic h claim s tha t  i t  i s  exactl y thi s descriptio n (i.e. , 
th e statemen t  o f  a  regularity )  whic h i s bein g use d b y th e 
agen t  t o produc e th e behavio r  i n question .  Thi s i s wha t  w e 
referre d t o a s th e defaul t  availabilit y  o f  rule-base d model s 
above .  Again ,  however ,  jus t  becaus e suc h a  mode l  i s eas y t o 
provid e i s no t  sufficien t  reaso n fo r  preferrin g i t  ove r  compet -
in g accounts . 

A p p l y i n g t h e d is t inc t io n 

We wil l  conclud e b y discussin g tw o prominen t  example s 
whic h enabl e u s t o pu t  th e outline d distinction s t o use . 

The first  i s  a  quot e fro m E lma n e t  al.'s ,  otherwis e highl y 
commendable ,  199 6 book : 

"T o sa y tha t  a  networ k doe s no t  hav e rule s i s factuall y in -
correct ,  sinc e network s ar e functio n approximator s an d func -
tion s ar e nothin g i f  no t  rules .  S o argument s abou t  whethe r 
or  no t  network s hav e rule s reall y d o no t  m a k e m u c h sense . 
Other s hav e trie d t o distinguis h behaviou r  whic h i s character -
ize d b y rules ,  an d behaviou r  whic h i s governe d b y rules .  Pre -
sumably ,  i n th e firs t  case ,  behaviou r  onl y accidentall y con -
form s t o a  rule ,  wherea s i n th e latte r  cas e th e rul e ha s causa l 
effect .  Clearly ,  th e behavio r  o f  a  networ k i s causall y con -
necte d t o it s topolog y an d connectio n weights ,  s o ultimatel y 
thi s i s als o no t  a n interestin g distinction. "  (pg .  102 ) 

As shoul d b e apparen t  fro m th e precedin g sections ,  th e ar -
gument  base d o n functio n approximatio n i s unsound .  Eve n i f 
th e functio n i n questio n i s undoubtedl y on e whic h w e woul d 
qualif y a s a  rule^ ,  al l  thi s i s sayin g i s tha t  th e behavio r  o f 
th e networ k exhibit s a  particula r  regularity ,  namel y tha t 
summarize d b y th e function .  Th e argumen t  doe s no t  answe r 
th e questio n i t  i s  require d to ,  namel y whethe r  th e networ k i s 
usin g a  representatio n o f  tha t  functio n t o produc e thi s behav -
ior .  Th e approximate d functio n i s a  regularity ,  th e questio n 
of  rule s i s abou t  th e mean s b y whic h thi s behaviou r  i s 

^Thi s ha s consequence s fo r  Kripke' s (1982 )  clai m tha t  state -
ment s abou t  rule-followin g ar e no t  statement s o f  fact ,  se e Hah n 
(1996) . 

^  I t  seem s questionabl e whethe r  on e woul d wan t  t o cal l  al l 
function s "rules" ;  function s whic h succinctl y captur e a  regular -
ity ,  e.g. ,  x=2y ,  ar e perceive d a s typica l  rules ,  a n un-computabl e 
functio n whic h consist s o f  a  rando m mappin g betwee n element s 
of  th e domai n an d th e rang e i s a  functio n (a s lon g a s th e map -
pin g i s unique )  bu t  i t  ha s n o succinc t  description .  Th e infinit e 
"look-up "  tabl e i t  constitute s doe s no t  accor d wit h ou r  intuition s 
about  "rule" .  Thes e tw o example s ar e merel y th e extreme s o f  a 
continuum . 

achieved .  Equatin g "havin g rules "  wit h th e behavio r  o f  th e 
networ k (th e approximate d function )  mean s tha t  planet s to o 
"have "  th e law s o f  gravitation .  Bu t  the n "havin g rules "  o r 
not  cease s t o b e a  question . 

Rule-followin g ha s t o b e a t  stak e i f  debat e abou t  rule s i s 
t o hav e an y substance .  T o sho w thi s i n a  network ,  require s 
identifyin g a  representatio n forma t  whic h on e i s willin g t o 
cal l  "rule "  presen t  withi n th e network .  I t  mus t  b e decide d 
what  kind s o f  representationa l  format s coun t  a s "rules "  an d 
whethe r  o r  no t  a  networ k exhibit s them .  Thi s i s a  tas k whic h 
require s rathe r  mor e spac e tha n w e hav e availabl e her e (bu t 
see Hahn ,  1996 ;  Hah n &  Chater ,  1998 )  s o w e wil l  limi t 
ourselve s t o a  fe w genera l  comments .  Th e first  i s  that ,  re-
gardles s o f  wha t  decision s on e make s o n requisit e formats , 
ther e i s no t  likel y t o b e a  generi c answe r  fo r  al l  connection -
is t  nets ,  du e t o th e generalit y o f  th e criteri a definin g connec -
tionis m an d th e flexibility  the y allow .  Accordingly ,  w e wil l 
limi t  ou r  o w n comment s t o on e particula r  architecture , 
namely ,  standar d backpropagatio n networks .  Eve n withou t 
attemptin g an y definitio n o f  "rule" ,  w e ca n as k what ,  i n suc h 
networks ,  i s  availabl e a s a  candidat e fo r  "rule" .  Becaus e rule -
followin g i s a  matte r  o f  causa l  effica y o f  a  particula r  repre-
sentationa l  format ,  a  prerequisit e i s tha t  putativ e candidate s 
be representational . 

Unfortunately ,  thos e part s o f  th e networ k whic h undoubt -
edl y ar e representationa l  i n natur e fai l  t o b e appropriat e can -
didate s fo r  othe r  reasons .  Bot h inpu t  an d outpu t  unit s i n a 
networ k clearl y satisf y th e "representational "  constraint ,  bu t 
the y ar e no t  th e component s tha t  matter :  an y cognitiv e 
model  assume s representation s o f  input s an d outputs ,  th e 
debat e i s entirel y abou t  wha t  i s i n between . 

Th e tw o candidate s "i n between "  ar e hidde n unit s an d 
weigh t  vectors .  Hidde n unit s see m a  poo r  candidat e fo r  rules , 
partl y becaus e the y simpl y rerepresen t  th e inpu t  i n a  wa y 
tha t  allow s proble m t o b e solve d b y linea r  mappin g from 
hidde n t o output .  Intuitively ,  hidde n unit s appea r  t o merel y 
be encodin g th e result s o f  intermediat e calculation s involve d 
i n mappin g fro m th e inpu t  t o th e output .  Bu t  th e questio n o f 
whethe r  a  syste m ha s rule s seem s t o b e concerne d wit h th e 
natur e o f  th e transformation s betwee n input ,  intermediat e 
representation s an d output ,  no t  wit h intermediat e representa -
tion s themselves .  Thus ,  hidde n unit s woul d see m t o b e th e 
wron g kin d o f  thin g t o b e candidat e rules .  Finally ,  i f  hidde n 
unit s representation s ar e candidat e rules ,  thi s woul d mea n 
tha t  network s wit h a  singl e laye r  o f  weight s coul d no t  follo w 
rules .  Thi s ha s th e puzzlin g consequenc e tha t  a  multilaye r 
networ k follow s rules ,  bu t  consist s o f  a  concatenatio n o f 
singl e laye r  network s whic h d o not . 

Th e standar d suggestio n concernin g rule s i n a  network ,  i s 
tha t  the y ar e encode d no t  i n th e hidde n units ,  bu t  i n th e 
weigh t  vectors .  Th e questio n here ,  however ,  i s  whethe r 
weigh t  vector s shoul d reall y b e viewe d a s representationa l  a t 
all .  I t  i s  c o m m o n t o spea k o f  "knowledge "  implici t  i n th e 
weigh t  vector ,  bu t  i s  ther e reaso n t o assum e tha t  a  purel y 
causal ,  non-representationa l  stor y abou t  weigh t  vector s i s no t 
enough ? Weight s ensur e tha t  activatio n flo w i s appropriate , 
i.e. ,  such ,  tha t  th e networ k get s th e mappin g right .  W h y 
shoul d thi s b e take n t o involv e a  statemen t  o f  th e regularity ? 
W h at  additiona l  generalization s abou t  networ k behavio r  be -
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c o me availabl e i f  on e wer e t o adop t  thi s view ? T o ou r 

knowledge ,  non e hav e bee n pu t  forward .  Thi s i s i n stron g 
distinctio n fro m a  classica l  rule-followin g system ,  lik e a n 
exper t  system ,  wher e th e rule s whic h th e syste m use s i n 
inferenc e provid e a  completel y differen t  leve l  o f  explanatio n 
from  th e causa l  stor y abou t  th e working s o f  th e underlyin g 
machinery . 

Thi s lead s t o th e genera l  questio n o f  w h y th e rule -
guided/rule-describal e distinctio n reall y matters .  F ro m th e 
poin t  o f  cognitiv e theory ,  ther e appear s t o b e a  consisten t  se t 
of  generalization s concernin g th e behavio r  whic h classica l 
rule-base d syste m exhibit :  e.g. ,  i t  i s  possibl e discretel y t o 
add i n extr a piece s o f  knowledg e t o a  rule-base d system , 
whic h wil l  the n interac t  wit h previousl y store d rules ;  th e 
syste m ca n lear n b y bein g "told "  suc h knowledge ,  rathe r  tha n 
learnin g fro m experience ;  an d i t  i s eas y t o achiev e generaliza -
tio n acros s extremel y disparat e items .  N o n e o f  thes e proper -
tie s appl y t o standar d backpropagatio n networks ,  whic h hav e 
a differen t  se t  o f  abilities ,  learnin g primaril y fro m experi -
ence ,  wher e informatio n i s accrue d incrementally ,  rathe r  tha n 
i n discret e packets ,  an d mos t  easil y generalizin g acros s simi -
la r  items .  Conversely ,  rule-base d system s hav e problem s i n 
Iccimin g from  experience ,  an d hav e difficult y learnin g "quasi -
regular "  mapping s whic h involv e regula r  an d exceptiona l 
cases ,  particularl y i f  suc h mapping s ar e governe d b y subtl e 
effect s o f  similarity .  Connectionis t  network s exce l  i n thes e 
domains .  Overall ,  then ,  i t  i s  no t  clea r  tha t  an y o f  th e impor -
tan t  theoretica l  generalization s associate d wit h rule-base d 
system s carr y ove r  t o standar d backpropagatio n networks ; 
hence ,  sayin g tha t  thes e network s "follow "  rule s inappropri -
atel y suggest s tha t  th e tw o kind s kind s o f  syste m shar e prop -
ertie s o n whic h the y actuall y differ . 

Ther e i s on e furthe r  interestin g assumptio n i n th e Elma n 
et  al .  quotation ,  namely ,  th e remar k tha t  fo r  merel y rule -
describabl e behavior ,  behavio r  onl y "accidentally "  accord s 
wit h th e rule .  O f  course ,  ther e nee d b e n o acciden t  abou t  th e 
fac t  tha t  behavio r  correspond s t o th e rule ;  planet s d o no t  ac -
cidentl y hav e th e orbit s posite d b y th e law s o f  physics .  I t  i s 
jus t  tha t  the y d o no t  us e a  statemen t  o f  thes e law s t o com -
put e thei r  orbits . 

Assumin g tha t  rule-descriptio n i s alway s onl y 
"accidentally "  connecte d t o observabl e behavio r  marginalize s 
th e explanator y impor t  tha t  rule-descriptio n to o ca n have . 
Issue s o f  explanator y relevance ,  seem ,  t o us ,  t o underl y th e 
misunderstanding s surroundin g Chomskia n linguistics ,  ou r 
secon d an d fma l  example . 

We hav e repeatedl y stresse d tha t  rule-followin g i s abou t  a 
particula r  kin d o f  explanatio n and ,  above ,  w e introduce d 
Searle' s comment s tha t  th e us e o f  rule s i n psychologica l 
explanatio n i s distinc t  fro m tha t  i n th e natura l  sciences . 
Thes e issue s deserv e furthe r  elaboration .  I t  i s tru e that ,  a s th e 
cas e o f  th e motio n o f  planet s shows ,  concis e statement s o f 
regularitie s ar e centra l  t o th e natura l  science s an d ther e at e 
unquestionabl y perceive d a s "explanatory" .  Crucia l  t o th e 
explanator y powe r  i s th e reductio n o f  a  comple x behavio r  t o 
a limite d numbe r  o f  variables .  Contrar y t o wha t  Searl e seem s 
t o suggest ,  thi s typ e o f  explanatio n ha s a  rol e i n psycholog y 
and Cognitiv e Scienc e a s well .  Shepard' s Universa l  L a w o f 
Generalizatio n (1987 )  claim s a  universa l  functio n underlyin g 

generalizatio n i n human s an d a  rang e o f  non-huma n specie s 

on a  variet y o f  tasks .  Similarly ,  "rationa l  analysis " 
(Anderson ,  1990 )  provide s a  for m o f  explanatio n no t  imme -
diatel y concerne d wit h mechanism .  Mos t  frequently ,  how -
ever ,  descriptiv e statement s o f  regularities ,  "weak "  use s o f 
rule ,  provid e a  for m o f  explanatio n whic h i s onl y partia l 
and ,  hence ,  incomplete . 

We ca n illustrat e thi s latte r  categor y wit h a  linguisti c ex -
ample ,  tha t  o f  th e Germa n gende r  system .  Linguisti c stud y 
and connectionis t  modellin g (se e Koepcke ,  1993 )  hav e iso -
late d phonolog y a s th e ke y facto r  determinin g th e assignmen t 
of  gende r  t o Germa n nouns .  Thi s ha s mad e i t  clea r  tha t  Ger -
m an gender ,  whic h wa s previousl y though t  t o b e arbitrary , 
is ,  i n fact ,  highl y systematic .  A  highl y comple x syste m an d 
correspondin g linguisti c behavio r  ar e reduce d t o a  singl e 
critica l  variable .  Discoverin g an d statin g thi s regularit y doe s 
"explain "  Germa n gender . 
•  F ro m a  cognitiv e perspective ,  however ,  w e hav e sai d tha t 
thi s i s alway s onl y a  first  step .  Statin g th e regularit y i s no t  a 
ful l  cognitiv e account ,  i.e. ,  a n accoun t  whic h explain s be -
havio r  i n term s o f  menta l  representation s an d procedures , 
simply ,  because—a s see n above—thi s regularit y migh t  b e 
exploite d b y th e cognitiv e syste m i n a  myria d o f  ways . 

Th e cognitiv e architectur e underlyin g knowledg e o f  gende r 
migh t  b e simpl e exempla r  storage ,  schema s whic h abstrac t 
familie s o f  simila r  word s int o mor e abstrac t  interna l  repre -
sentation s (Koepcke ,  1993 )  o r  set s o f  rules .  Al l  o f  thes e ar e 
conceptuall y distinc t  an d giv e ris e t o differen t  secondar y pre -
dictions .  I t  i s precisel y becaus e o f  thes e differen t  furthe r  pre -
diction s tha t  thes e issue s matte r  t o th e stud y o f  behavior . 
Finally ,  thi s ste p t o interna l  representation s an d procedure s 
matters ,  becaus e i t  provide s a  lithmu s tes t  fo r  th e regularit y 
i n question .  Th e "wrong "  regularity ,  e.g. ,  a  spuriou s cortela -
tion ,  wil l  ultimatel y yiel d onl y unsatisfyin g cognitiv e ac -
counts ,  hence ,  theorie s i n term s o f  representatio n an d proces s 
fee d bac k i n t o th e evaluatio n o f  particula r  descriptiv e ac -
counts . 

Al l  o f  thes e issue s pla y a  rol e i n th e continue d debat e 
abou t  Chomsky .  Chomskia n linguistics ,  whic h Chomsk y 
explicitl y  hold s t o b e concerne d wit h th e psycholog y o f  th e 
individua l  (Chomsky ,  1980 ,  1986) ,  aim s t o answe r  ques -
tion s abou t  th e natur e o f  linguisti c knowledg e throug h th e 
specificatio n o f  a  grammar ,  i.e. ,  a  descriptiv e accoun t 
(Chosmky ,  1986) .  Suc h a  gramma r  i s viewe d a s a  putativ e 
"bes t  theory "  fro m whic h w e ar e allowe d t o infe r  th e entitie s 
postulate d ar e "real" .  Thi s ste p from  descriptio n o f  regularity 
(grammar )  t o menta l  representation s i s jus t  th e ste p from 
regularit y t o rule-base d account ,  which ,  a s w e hav e seen ,  i s 
an inferenc e whic h require s furthe r  evidenc e t o b e justified . 
Whil e C h o m s k y doe s no t  se t  ou t  an y bound s o n "allowe d 
evidence "  fo r  wha t  constitute s ou r  bes t  theory ,  h e als o show s 
no positiv e sig n o f  interes t  i n th e typ e o f  additiona l  dat a on e 
need s t o resolv e architectura l  i n othe r  area s o f  cognition . 

I n fact ,  Chomsky' s "Knowledg e o f  Language "  (1986 ) 
show s considearbl e disdai n fo r  th e rule-guided/rule -
describeabl e distinction ,  a  stanc e whic h seem s t o ste m from 
th e assumptio n tha t  al l  th e har d work ,  a t  leas t  whe n i t  come s 
t o syntax ,  i s  discoverin g an d describin g th e salien t  regulari -
ties .  However ,  i f  successful ,  suc h a n accoun t  woul d hav e 
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explanator y value ,  bu t  i t  woul d stil l  no t  provid e al l  th e ex -
planatio n th e cognitiv e psychologit s desires .  Wha t  remains , 
th e secon d ste p fro m describin g regularit y t o bes t  model ,  i s 
substantive . 

Psychology' s experienc e wit h modelling ,  th e capacit y o f 
many model s t o produc e th e sam e over t  behaviour ,  ha s 
shown u s tha t  th e ste p fro m regularit y t o bes t  mode l  i s fa r 
fro m trivial ;  i t  i s  no t  a  mino r  lea p fro m regularit y t o interna l 
rule .  Understandin g cognitio n i n term s o f  mechanism s i s 
bot h harde r  an d mor e interestin g tha n onc e assume d an d re-
main s a  centra l  issu e o f  practica l  consequence—fo r  makin g 
sens e o f  behaviora l  dat a a s wel l  a s designin g artificia l  intelli -
gent  systems .  Fo r  thi s reason ,  th e rule-guided/rule -
describeabl e distinctio n continue s t o matter . 

Summary 

We hav e clarifie d an d justifie d th e distinctio n betwee n rule -
guide d an d rule-describeabl e behavior ,  a  distinctio n which , 
thoug h classical ,  continue s t o promp t  misunderstanding . 
Specifically ,  w e hav e argue d tha t  rule-followin g implie s tha t 
our  "bes t  theory "  o f  th e behavio r  i n questio n invoke s menta l 
representation s o f  th e salien t  regularit y governin g thi s behav -
io r  represente d i n requisit e format .  W e hav e discusse d wha t 
type s o f  evidenc e ar e relevan t  i n determin g ou r  "bes t  theory " 
and stresse d th e nee d fo r  commitmen t  t o a  particula r  leve l  o f 
descriptio n i f  debat e i s t o remai n substantive .  W e hav e note d 
tha t  thi s criterio n applie s equall y t o "public "  an d "private" , 
explici t  an d taci t  rules .  W e hav e als o show n h o w thi s classi c 
issu e surroundin g rule s is ,  i n fact ,  no t  particula r  t o rules ; 
rathe r  i t  i s a  genera l  corollar y o f  cognitiv e theories .  I t  i s  jus t 
tha t  i t  i s  particularl y confusin g i n th e context s o f  rules ,  be -
caus e th e distinctio n betwee n regularit y an d statemen t  o f 
regularit y i s easil y overlooke d ~ a fac t  whic h i s  exacerbate d 
by th e fac t  tha t  w e ca n s o easil y describ e regularitie s and , 
fro m there ,  generat e complet e rule-base d accounts .  W e hav e 
shown ho w th e rule-guided/rule-describeabl e distinctio n re-
late s t o explanatio n i n psychology .  Finally ,  w e hav e dis -
cusse d rule-followin g i n th e contex t  o f  connectionis t  net -
works ,  arguin g tha t  standar d backpropagatio n network s see m 
t o lac k suitabl e representationa l  candidate s an d w e empha -
size d tha t  i t  i s  th e carry-ove r  o f  empirica l  generalizations , 
gathere d i n year s o f  computationa l  an d experimenta l  research , 
tha t  i s  a t  stak e an d whic h make s th e distinctio n betwee n rule -
guide d an d rule-describeabl e wort h preserving . 
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