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Abstrac t 
Thi s pape r  challenge s th e widel y accepte d clai m tha t  "classi -
cal "  cognitiv e architecture s ca n explai n th e systematicit y o f 
cognitio n (Fodo r  &  Pylyshyn ,  1988) .  Ther e ar e plausibl e way s 
of  renderin g mor e precis e th e systematicit y hypothesi s (a s 
standardl y formulated )  i n whic h i t  i s  entaile d b y classica l  ar -
chitectures ,  an d othe r  plausibl e way s i n whic h i t  i s  not . 
Therefore ,  i t  i s  no t  a  determinat e issu e whethe r  systematicit y 
i s entailed ,  an d henc e explained ,  b y classica l  architectures . 
The genera l  argumen t  i s illustrate d i n a  particula r  domain ,  th e 
systematicit y o f  deductiv e inference .  I n th e cas e o f  th e capac -
it y t o carr y ou t  th e inferenc e modu s tollens ,  th e systematicit y 
hypothesi s ca n b e mad e precis e i n tw o ways ,  on e entaile d b y 
classica l  architectures ,  anothe r  whic h i s not .  Further ,  th e lat -
ter ,  bu t  no t  th e former ,  accuratel y describe s th e actua l  empiri -
cal  phenomenon .  Pu t  anothe r  way ,  th e clump s tha t  thes e de -
ductiv e inferenc e capacitie s com e i n ar e no t  th e clump s tha t 
ar e entaile d b y classica l  architectures .  Therefore ,  i n thi s are a 
at  least ,  systematicit y consideration s coun t  agains t  th e classi -
cal  conceptio n o f  cognitiv e architecture . 

In their well-known paper Connectionism and Cognitive 
Architecture ,  Fodo r  &  Pylyshy n (1988 )  argue d tha t 
connectionis m canno t  constitut e a  viabl e alternativ e t o th e 
so-calle d "classical "  conceptio n o f  cognitiv e architecture ,  o n 
th e ground s that ,  unlik e classica l  architectures ,  i t  canno t 
provid e an y explanatio n o f  th e pervasiv e empirica l 
phenomeno n o f  systematicity .  Therefore ,  th e onl y prope r 
rol e fo r  connectionis m i s t o investigat e h o w classica l 
architecture s migh t  b e implemented .  Thi s a rgumen t — 
describe d b y Pylyshy n a s on e o f  onl y tw o majo r  argument s 
fo r  th e classica l  approac h (Pylyshyn ,  1989)—ha s prompte d 
much connectionis t  modelin g an d philosophica l  debate .  Th e 
mai n poin t  o f  contentio n ha s bee n whethe r  connectionis m 
can delive r  a n adequat e non-classica l  explanatio n o f 
systematicity .  Mos t  contributor s t o thes e debate s hav e pai d 
littl e o r  n o attentio n t o th e allege d empirica l  phenomeno n o f 
systematicit y itself ,  an d t o whethe r  classica l  architecture s 
can i n fac t  explai n systematicity . 

Her e w e tak e a  ver y differen t  approach .  W e wil l  argu e 
that ,  accordin g t o Fodo r  an d Pylyshyn' s o w n standard s o f 
explanation ,  classica l  architecture s presentl y canno t  b e 
claime d t o explai n systematicity ,  an d further ,  tha t  ther e i s 
reaso n t o believ e tha t  classica l  architecture s canno t  explai n 
systematicity .  Consequently ,  ther e ca n b e n o argumen t  fro m 
any allege d failur e o f  connectionis m t o explai n 
systematicit y t o th e superiorit y o f  th e classica l  approach . 
Indeed ,  i f  anything ,  systematicit y consideration s currentl y 
coun t  a s a n argumen t  agains t  th e classica l  conception . 

W h at  I s I t  T o E x p l a i n Sys temat ic i t y ? 

Fodo r  &  Pylyshy n plac e a  stric t  constrain t  o n wha t  count s a s 
genuin e explanation .  Fo r  a n hypothesi s H  t o explai n som e 
phenomeno n S ,  H  alon e mus t  entai l  S .  Thi s constrain t  i s 
essentia l  t o thei r  dismissa l  o f  connectionism .  The y imagin e 
a defende r  o f  connectionis m buildin g systematicit y int o a 
particula r  connectionis t  mode l  an d claiming ,  o n thi s basis , 
tha t  connectionis m ca n indee d explai n systematicity .  Fodo r 
& Pylyshy n repl y tha t  thi s woul d b e insufficient .  Sinc e al l 
natura l  cognitiv e system s ar e systematic ,  systematicit y mus t 
follo w fro m th e basi c nature  o f  architectur e alone ,  an d no t 
merel y b e compatibl e wit h th e architectur e (p.50) . 

Consequently ,  i f  th e classica l  conceptio n o f  cognitiv e 
architectur e explain s systematicity ,  i t  likewis e mus t  entai l 
systematicit y fro m th e basi c natur e o f  th e architectur e alone . 
Th e classica l  conception ,  expresse d a s a n empirica l 
hypothesis ,  i s 

C A:  Al l  natura l  cognitiv e system s contai n (a )  menta l 
representation s wit h combinatoria l  constituen t  structur e 
and compositiona l  semantics ,  an d (b )  menta l  processe s 
tha t  ar e sensitiv e t o th e combinatoria l  structur e o f  th e 
representations . 

Thi s hypothesi s mus t  entai l  th e allege d empirica l 
phenomenon ,  whic h i s tha t 

S:  Al l  natura l  cognitiv e system s ar e systematic . 

Thi s entailmen t  i s neithe r  immediat e no r  obvious .  Whethe r 
i t  goe s throug h a t  al l  depends ,  amon g othe r  things ,  o n wha t 
th e empirica l  phenomeno n S  actuall y  is ,  an d thi s i n tur n 
depend s o n wha t  th e concep t  o f  systematicit y is .  Unti l 
systematicit y i s  adequatel y clarified ,  w e canno t  kno w 
whethe r  classica l  architecture s explai n it . 

What Is Systematicity? 

Systematicit y appear s nowher e i n th e cognitiv e scienc e 
literatur e befor e Connectionis m an d Cognitiv e Architecture : 
not  a s a n empirica l  hypothesis ,  no r  a s a  concept ;  no t  eve n 

th e term. '  I t  i s  therefor e surprisin g tha t  Fodo r  &  Pylyshy n 
giv e n o clear ,  succinc t  an d precis e definitio n o f  th e concept , 
or  descriptio n o f  th e empirica l  phenomenon .  Carefu l 
extrapolatio n fro m th e scattere d hint s an d definitiona l  tidbit s 
the y d o provid e lead s t o th e followin g empirica l  hypothesis : 

'  Productivity ,  o f  course ,  occur s frequentl y i n th e literature ,  an d 
productivit y i s on e componen t  o f  systematicity .  However ,  a 
concep t  doe s no t  exis t  merel y becaus e on e componen t  o f  i t 
exists .  Note ,  moreover ,  tha t  Fodo r  &  Pylyshy n explicitl y 
declin e t o rel y o n productivit y fo r  th e forc e o f  thei r  argument ;  i t 
i s  onl y th e othe r  component s o f  systematicit y tha t  matter . 
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Systematicit y accordin g t o Fodo r  &  Pylyshy n (SFP) : 
Al l  cognitiv e system s (human s an d othe r  animals )  ar e 
systematic ,  i.e. ,  ar e suc h tha t  thei r  abilit y  t o d o som e 
thing s o f  a  give n cognitiv e typ e (includin g a t  leas t 
"thinkin g a  thought "  an d makin g a n inference )  i s intrin -
sicall y connecte d wit h thei r  abilit y  t o d o other , 
structurall y relate d thing s o f  tha t  type . 

This statement is as precise as Fodor & Pylyshyn get. 
However ,  i t  i s  no t  sufficientl y precis e fo r  determinin g 
whethe r  classica l  architecture s explai n systematicity .  Ther e 
ar e way s o f  sharpenin g S F P suc h tha t  i t  i s  entaile d b y C A , 
and way s o f  sharpenin g i t  suc h tha t  i t  i s  no t  entaile d b y CA . 
Therefore ,  i t  i s  no t  a  determinat e issu e whethe r  C A a s i t 
stand s entail s  S F P ,  o r  systematicit y i n general . 

Th e remainde r  o f  thi s sectio n state s thi s argumen t  i n a 
littl e mor e detail . 

H o w migh t  S F P b e rendere d precise ? A s noted ,  w e canno t 
tur n t o th e existin g literatur e fo r  help ,  fo r  ther e i s non e 
bearin g directl y o n th e issue .  (Thi s m a y explai n th e 
otherwis e curiou s fac t  tha t  Fodo r  &  Pylyshyn ,  i n th e bod y o f 
Connectionis m an d Cognitiv e Architecture ,  cit e n o 
empirica l  literatur e whatsoeve r  i n suppor t  o f  thei r  clai m tha t 
cognitio n i s systematic. )  Consequently ,  w e mus t  begi n fro m 
scratch . 

Th e basi c ide a behin d systematicit y i s tha t  an y organis m 
abl e t o d o on e thin g o f  a  give n typ e i s abl e t o d o other , 
structurall y related ,  thing s o f  tha t  type .  T o rende r 
systematicit y precis e i s t o ge t  clea r  o n wha t  cognitiv e 
performanc e type s ther e are ,  an d o n wha t  othe r  thing s o f  a 
give n typ e a n organis m woul d hav e t o b e abl e t o do ,  i f  i t  ca n 
d o s o m e particula r  thin g o f  tha t  type .  Thi s suggest s th e 
followin g schema : 

Systematicity Schema: For every organism O, and any 
give n cognitiv e performanc e t  o f  typ e T ,  ther e i s som e 
set  Mo , t  o f  "structurall y related "  performance s suc h 

tha t  O  i s capabl e o f  al l  an d onl y th e performance s i n 

Mo,t -

Thi s schem a woul d the n b e fleshe d ou t  fo r  particula r 
organism s an d performanc e type s i n orde r  t o provid e 
empiricall y applicabl e tests . 

Ther e ar e man y way s th e Systematicit y Schem a migh t  b e 
fille d ou t  i n detai l  fo r  particula r  performanc e types .  S o m e o f 
thes e way s ar e entaile d b y th e hypothesi s tha t  cognitiv e 
architecture s ar e classica l  (CA) .  S o m e ar e not .  Suppose ,  fo r 
example ,  tha t  th e set s M Q . t  wer e specifie d t o b e som e 
proper ,  non-arbitrar y subset s o f  th e set s tha t  woul d b e 
entaile d b y classica l  architectures .  (A n exampl e i s give n i n 
th e nex t  section. )  The n thos e cognitiv e capacitie s woul d 
clearl y b e systematic ,  bu t  systematicit y o f  thi s kin d woul d 
no t  b e entaile d b y classica l  architectures ,  fo r  classica l 
architecture s entai l  tha t  th e organis m i s capabl e o f 
performance s tha t  ar e no t  i n thos e sets .  Consequently ,  i n th e 
absenc e o f  an y particula r  specificatio n o f  h o w th e 
Systematicit y S c h e m a i s t o b e fille d out ,  ther e i s n o 
determinat e answe r  t o whethe r  classica l  architecture s entai l 
an d henc e explai n systematicity .  Further ,  sinc e no-on e ha s i n 
fac t  provide d suc h specificatio n i n an y reasonabl e detail ,  no -

on e ca n presentl y justifiabl y asser t  tha t  classica l 
architecture s d o entai l  an d henc e explai n systematicity . 

Thin k o f  i t  thi s way .  C A entail s tha t  cognitiv e capacitie s 
c o me i n clumps ,  i.e. ,  ar c systematic .  S F P assert s tha t 
cognitiv e capacitie s com e i n clumps .  Doe s C A therefor e 
entai l  S F P l  No t  necessarily .  I t  onl y doe s s o i f  th e kin d o f 
clump s entaile d b y C A ar e th e sam e kin d o f  clump s picke d 
out  b y S F P .  So ,  wha t  kin d o f  clump s doe s S F P pic k out ? 
Well ,  that' s no t  clea r  a t  all .  O n on e wa y o f  readin g SFP ,  th e 
clump s ar e th e same .  O n anothe r  way ,  th e clump s ar e not . 
Unti l  we'v e settle d o n a  specifi c  wa y o f  readin g SFP ,  w e jus t 
can' t  sa y whethe r  th e entailmen t  i s there .  Unfortunately , 
Fodo r  &  Pylyshy n didn' t  provid e an y specifi c  reading ,  an d 
nobod y els e ha s either .  So ,  w e can' t  n o w sa y tha t  classica l 
architecture s d o entail ,  an d henc e explain ,  systematicity . 

How Classical Architectures Do Not Explain 

Systemat ic i t y 

The previous section argued that it cannot now be said that 
classica l  architecture s entai l  systematicity .  Thi s sectio n 
argue s fo r  a  differen t  point :  tha t  i n on e domai n a t  least , 
classica l  architecture s d o no t  entai l  th e actua l  empirica l  fact s 
of  systematicity .  I n makin g thi s secon d argument ,  w e 
provid e a  concret e illustratio n o f  th e ke y premis e o f  th e first 
argument ,  whic h i s tha t  ther e ar e variou s way s o f  makin g 
systematicit y precise ,  som e whic h are ,  an d som e whic h ar e 
not ,  entaile d b y classica l  architectures . 

Fodo r  &  Pylyshy n singl e ou t  th e systematicit y o f  inferenc e 
as a  ke y componen t  o f  th e wide r  phenomeno n o f 
systematicity .  I t  is ,  roughly ,  th e ide a tha t  th e abilit y  t o mak e 
some inference s i s intrinsicall y connecte d t o th e abilit y  t o 
make other ,  logicall y relate d inferences .  The y offe r  n o 
precis e definitio n o f  th e phenomeno n an d cit e n o literatur e 
i n it s  support ,  bu t  d o anecdotall y illustrat e wha t  the y hav e i n 
min d th e followin g way : 

You don't ,  fo r  example ,  fin d mind s tha t  ar e prepare d t o 
infe r  Joh n wen t  t o th e stor e fro m Joh n an d Mar y an d 
Susa n an d Sall y wen t  t o th e stor e an d Joh n an d Mar y 
went  t o th e stor e bu t  no t  fro m Joh n an d Mar y an d Susa n 
went  t o th e store ,  (p.48 ) 

Perhaps ;  perhap s not .  I n an y case ,  th e impor t  o f  suc h a n 
casua l  observatio n fo r  th e genera l  phenomeno n o f 
systematicit y o f  inferenc e i s entirel y unclear . 

A mor e appropriat e procedur e i s t o fil l  ou t  th e 
Systematicit y Schem a fo r  particula r  inferenc e types .  Her e 
we discus s onl y one ,  modu s tollen s (Az)B ,  - B = > - A ) .  Not e 
tha t  modu s tollen s i s on e o f  th e simples t  an d mos t  c o m m o n 
of  al l  inferenc e types .  I f  classica l  architecture s fai l  t o 
explai n th e actua l  systematicit y o f  modu s tollens ,  thi s wil l 
significantl y undermin e th e clai m tha t  classica l  architecture s 
ca n i n fac t  explai n th e systematicit y o f  inferenc e an d indee d 
systematicit y i n general . 

Ther e ar e a t  leas t  tw o way s t o flesh  ou t  th e Systematicit y 
Schema fo r  thi s for m o f  conditiona l  inference .  O n e i s suc h 
tha t  th e systematicit y o f  thi s capacit y i s entaile d b y classica l 
architectures .  Suc h architecture s postulat e menta l  processe s 
tha t  operat e o n menta l  representation s i n a  wa y tha t  respect s 
thei r  combinatoria l  structure .  Classica l  architecture s 
therefor e predic t  tha t  (subjec t  t o resourc e constraints )  an y 
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cognitiv e syste m tha t  ca n perfor m an y instanc e o f  m o d u s 
tollen s (i.e. ,  ca n construc t  conditional s an d negations ,  an d i s 
abl e t o dra w th e appropriat e conclusion )  wil l  b e abl e t o 
perfor m ever y instance ,  sinc e al l  suc h instance s hav e th e 
same combinatoria l  structure .  I n particular ,  classica l 
architecture s predic t  that ,  sinc e menta l  processe s ar e 
sensitiv e t o structure ,  suc h feature s o f  th e inferenc e instanc e 
as th e conten t  o f  th e constituen t  symbol s o r  thei r  frequenc y 
of  prio r  occurrenc e shoul d b e irrelevant ,  sinc e suc h feature s 
make n o differenc e t o th e combinatoria l  structure . 

Mor e precisely ,  classica l  architecture s entai l  th e followin g 
systematicit y sub-hypotheses .  Le t  M q . M 7 b e th e se t  o f 

inference s b y substitutin g int o th e m o d u s tollen s schem a 
( A d B ,  ~ B = > - A )  an y symbo l  i n th e se t  o f  symbol s 
availabl e t o O .  The n w e have : 

Systematicit y o f  M o d u s tollen s ( S M T ) :  A n y organis m 
O capabl e o f  performin g an y instanc e o f  M q . M T ' S 
capabl e o f  performin g ever y instanc e o f  tha t  set . 

(Not e tha t  thi s instantiatio n o f  th e Systematicit y Schem a ha s 
been simplifie d b y assumin g tha t  th e se t  M doe s no t  depen d 
on an y particula r  performanc e t. )  Hypothesi s S M T expresse s 
i n precis e term s on e wa y i n whic h cognitiv e capacitie s ca n 
be sai d t o c o m e i n clumps .  I t  i s  entaile d b y th e hypothesi s 
tha t  cognitiv e architecture s ar e classica l  i n form .  Doe s i t 
accuratel y describ e th e kin d o f  c lump s tha t  cognitiv e 
capacitie s actuall y com e in ? 

Conditiona l  inferenc e ha s bee n th e targe t  o f  m u c h 
psychologica l  investigation .  Thoug h thi s investigatio n wa s 
not  specificall y directe d a t  evaluatin g an y systematicit y 
hypothesis ,  i t  doe s she d a  certai n amoun t  o f  ligh t  o n th e 
issue .  Th e genera l  situatio n i s dramaticall y illustrate d b y 
Tabl e 1 ,  fro m a  stud y b y Kern ,  Mirel s &  Hinsha w (1983) . 

I n thi s study ,  scientist s wer e presente d wit h conditiona l 
inference s o f  fou r  kind s an d aske d whethe r  certai n 
conclusion s followed .  S o m e wer e presente d inference s i n 
abstrac t  for m (D o P ^ Q an d not- Q impl y not-Pl )  an d other s 
i n concret e for m (D o I f  Re x i s a  terrier ,  the n h e like s apples , 
and Re x doe s no t  lik e apples ,  impl y Re x i s no t  a  terrierl) . 
For  curren t  purposes ,  th e crucia l  thin g t o notic e i s th e 

disparit y i n performanc e betwee n abstrac t  an d concret e 
instances .  Note ,  fo r  example ,  onl y 4 1 % o f  scientist s i n on e 
grou p correctl y recognize d th e validit y o f  m o d u s tollen s i n 
an abstrac t  case ,  wherea s 6 9 % i n anothe r  recognize d it s 
validit y i n a  concret e case .  Assumin g representativeness , 
thi s suggest s tha t  aroun d 3 0 % o f  peopl e d o no t  perfor m 
identicall y o n structurall y identica l  inferences ,  i.e. ,  directl y 
violat e hypothesi s S M T .  Th e clump s tha t  thes e people' s 
cognitiv e capacitie s c o m e i n ar e no t  th e clump s entaile d b y 
th e hypothesi s tha t  the y hav e a  classica l  architecture . 

For  variou s reason s i t  woul d b e inappropriat e t o plac e to o 
much weigh t  o n thes e figure s alone .  Th e mora l  the y sugges t 
has ,  however ,  bee n born e ou t  repeatedl y i n numerou s 
systemati c studies .  Th e differenc e betwee n th e abstrac t  an d 
concret e case s i s tha t  th e latte r  hav e meaningfu l  content . 
Th e critica l  rol e o f  conten t  i n conditiona l  inferenc e ha s bee n 
confirme d repeatedl y i n on e o f  th e most-studie d task s i n th e 
psycholog y o f  inference ,  th e W a s o n car d selectio n tas k 
(Wason ,  1966) .  I n th e standar d versio n o f  thi s task ,  fou r 
card s ar e lai d ou t  o n a  tabl e befor e th e subject ;  eac h car d ha s 
a numbe r  o n on e sid e an d a  lette r  o n th e other .  Th e subjec t  i s 
aske d whic h card s woul d logicall y nee d t o b e turne d ove r  i n 
orde r  t o fin d ou t  whethe r  a  rul e i s tru e o r  false .  Th e rul e i s a 
conditional :  i f  ther e i s a n A  o n on e side ,  ther e i s a  3  o n th e 
other . 

A D 3 7 

"I f  ther e i s a n A  o n on e side . 
ther e i s a  3  o n th e other. " 

Famously, subjects generally perform very badly. The im-
portan t  poin t  here ,  however ,  i s  tha t  (a )  selectin g th e fourt h 
car d correspond s t o correc t  performanc e o f  m o d u s tollens ; 
(b )  subject s ver y rarel y perfor m thi s inferenc e correctl y i n 
th e standar d versio n o f  th e task ;  an d (c )  numerou s studie s 
hav e show n tha t  performanc e i s ofte n m u c h bette r  i f  th e 
card s an d rul e ar e change d t o somethin g familiar ,  suc h a s 
th e rul e "I f  a  perso n i s drinkin g beer ,  the n tha t  perso n mus t 
be ove r  1 9 year s o f  age. "  (Grigg s &  Cox ,  1982) .  Fo r  a n 

Tabl e 1 .  Scientist' s  performanc e o n simpl e conditiona l  inferences .  Fro m Kern ,  Mirel s &  Hinsha w (1983 ) 

recognize d 
validit y (o r 
invalidity )  of ; 

modus 
ponen s 

denia l  o f 
anteceden t 

affirmatio n o f 
consequen t 

modus 
tollen s 

Referent s 

abstrac t 
concret e 

abstrac t 
concret e 

abstrac t 
concret e 

abstrac t 
concret e 

Psychologist s 

83 
100 

83 
75 

83 
75 

33 
50 

Disciplin e 

Biologist s 

92 
100 

58 
75 

75 
50 

33 
83 

Physicist s 

92 
100 

75 
100 

75 
92 

58 
75 

Overal l  % 
correct , 
collapse d acros s 
discipline s 
89 
100 

72 
83 

73 
72 

41 
69 

subject s wit h 
some logi c 
trainin g (n=26 ) 

100 
100 

67 
100 

87 
82 

53 
91 
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overvie w o f  thes e studies ,  se e Evan s (1989 )  Ch.4 . 
Result s suc h a s thes e hav e le d mos t  psychologist s o f 

inferenc e t o conclud e tha t  n o accoun t  o f  th e empirica l  fact s 
of  h u m a n inferenc e wil l  succee d i f  i t  attempt s t o explai n 
inferentia l  capacitie s i n term s o f  th e forma l  structur e o f 
inference s alon e -  i.e. ,  i n term s only  o f  th e basi c resource s 
offere d b y classica l  architectures .  Th e followin g observatio n 
by tw o o f  th e foremos t  specialist s i n th e psycholog y o f 
deductiv e reasoning ,  W a s o n an d Johnson-Laird ,  i s  typical : 

Th e emphasi s whic h w e hav e place d o n th e importanc e 
of  conten t  i n reasonin g show s tha t  a  purel y formal ,  o r 
syntactic ,  approac h t o i t  m a y suffe r  fro m sever e 
limitations...Bu t  on e ca n tur n thi s argumen t  round ,  an d 
examin e th e usefulnes s o f  forma l  logi c i n constructin g 
psychologica l  model s o f  reasoning .  Fo r  s o m e 
considerabl e tim e w e cherishe d th e illusio n tha t  thi s wa s 
th e w a y t o proceed ,  an d tha t  onl y structura l 
characteristic s o f  th e proble m mattered .  Onl y graduall y 
di d w e realiz e firs t  tha t  ther e wa s n o existin g forma l 
calculu s whic h correctl y modele d ou r  subject' s 
inference ,  an d secon d tha t  n o purel y forma l  calculu s 
woul d succeed.(197 2 pp .  244-5 ) 

Compare this with Fodor & Pylyshyn's remarkable, 
unsupporte d assertio n that :  "It' s  a  'logical '  principl e tha t 
conjunction s entai l  thei r  constituent s (s o th e argumen t  fro m 
P & Q t o P  an d t o Q  i s valid) .  Correspondingly ,  it s  a 
psychologica l  la w tha t  thought s tha t  P & Q ten d t o caus e 
thought s tha t  P  an d thought s tha t  Q ,  al l  els e bein g equal. " 
(p.46 ) 

Ther e is ,  o f  course ,  a n alternativ e wa y o f  fillin g ou t  th e 
Systematicit y Schem a fo r  modu s tollens ,  fo r  anyon e w h o 
has th e patience .  W e jus t  transcrib e th e actua l  data , 
painstakingl y gathere d b y experimenta l  psychologists ,  int o a 
ne w Systematicit y o f  M o d u s tollen s hypothesis ,  S M T 2 .  Thi s 
alternativ e hypothesi s describe s anothe r  wa y cognitiv e 
capacitie s c o m e i n clumps .  Moreover ,  i t  i s  triviall y 
guarantee d t o describ e th e actua l  empirica l  phenomen a t o 
th e bes t  o f  ou r  curren t  knowledge .  However ,  S M T 2 i s no t 
entaile d b y th e hypothesi s tha t  al l  cognitiv e architecture s ar e 
classical .  T h e classica l  conceptio n o f  cognitiv e architectur e 
entail s tha t  al l  subject s wil l  perfor m th e sam e o n structurall y 
identica l  inferences ,  regardles s o f  th e conten t  o f  th e 
symbols .  S M T 2 assert s tha t  peopl e d o no t  perfor m th e sam e 
on identicall y structure d inferences . 

I n short ,  ther e ar e a t  leas t  tw o differen t  way s o f  renderin g 
systematicit y ( S F P )  precis e i n th e cas e o f  on e cognitiv e 
capacity ,  th e capacit y t o correctl y mak e m o d u s tollen s 
inferences .  O n e { S M T )  i s entaile d b y th e classica l  approach ; 
anothe r  ( S M T 2 )  i s not .  Therefore ,  classica l  architecture s 
canno t  b e sai d t o entai l  th e vague ,  genera l  systematicit y 
hypothesi s S F P .  Further ,  i t  i s  S M T 2 ,  no t  S M T ,  whic h 
correctl y describe s h u m a n performance .  Therefore ,  classica l 
architecture s fai l  t o explai n th e systematicit y o f  m o d u s 
tollen s capacities ,  suc h a s i t  is .  Thus ,  i n thi s are a a t  least , 
systematicit y consideration s coun t  a s a n argumen t  agains t 
th e classica l  approach . 

D iscuss io n 

Enthusiasts of classical architectures might respond by 
qualifyin g thei r  explanator y ambitions .  The y migh t  abando n 
thei r  empirica l  hypothesi s tha t  inferenc e i s systemati c i n jus t 
th e wa y entailed ,  an d henc e explained ,  b y classica l 
architectures ,  an d argu e only  tha t  classica l  architecture s ar e 
t o b e preferre d t o connectionis t  one s o n th e ground s tha t 
"thought "  o r  perhap s languag e i s systematic ,  an d onl y 
classica l  architecture s explai n this .  However ,  apar t  fro m 
bein g a  majo r  concession ,  thi s woul d b e a  rathe r  a d ho c 
maneuver .  I f  cognitiv e architecture s ar e classica l  i n basi c 
form ,  w h y ar e only  certai n cognitiv e capacities ,  an d no t 
others ,  systemati c i n th e wa y entaile d b y suc h architectures ? 
Indeed ,  w e ca n as k w h y Fodo r  &  Pylyshy n di d no t  asser t  a s 
empirica l  fac t  tha t  al l  cognitiv e capacitie s ar e systematic , 
sinc e tha t  i s wha t  i s  entaile d b y th e hypothesi s tha t  cognitiv e 
architecture s ar e classical .  W h y di d the y carefull y selec t  ou t 
certai n cognitiv e capacitie s ("thought" ,  inference) ,  asser t 
tha t  thos e ar e systematic ,  an d tha t  classica l  architecture s ar e 
t o b e preferre d becaus e the y explai n thos e capacities ? 

An alternativ e respons e i s tha t  wha t  classica l  architecture s 
reall y entail ,  an d henc e explain ,  i s  ou r  competenc e i n 
deductiv e inference ;  th e actua l  detail s o f  h u m a n 
performanc e aris e fro m a n interactio n betwee n a  pristin e 
competenc e an d variou s kind s o f  contingen t  limitations , 
e.g. ,  i n resources .  Thu s th e actua l  fact s o f  systematicit y d o 
not  automaticall y rul e ou t  th e possibilit y  tha t  cognitiv e 
architecture s ar e classical .  T o this ,  thre e responses .  First ,  th e 
argumen t  o f  thi s pape r  ha s no t  bee n tha t  th e actua l  empirica l 
fact s o f  systematicit y rul e ou t  th e classica l  hypothesis ; 
merel y tha t  classicalist s canno t  currentl y clai m empirica l 
virtu e i n bein g abl e t o explai n systematicity .  Second ,  not e 
tha t  i n Connectionis m an d Cognitiv e Architecture ,  Fodo r  & 
Pylyshy n explicitl y  decline d t o rel y o n competence / 
performanc e distinctions ,  acknowledgin g tha t  th e hypothesi s 
of  idea l  competenc e wa s hel d i n suspicio n i n th e opposin g 
c a mp (connectionists) .  Third ,  explanation s o f  fact s o f 
performanc e tha t  begi n fro m a  competenc e an d degrad e tha t 
competenc e b y mean s o f  contingen t  limitation s mus t  b e abl e 
t o giv e plausibl e explanation s o f  h o w thos e contingen t 
limitation s giv e ris e t o th e observe d performance .  I n th e 
cas e o f  deductiv e inference ,  ther e i s n o obviou s plausibl e 
way t o d o this .  Classicalist s ar e welcom e t o tak e u p th e 
challenge . 

What  kin d o f  genera l  conceptio n o f  cognitiv e architectur e 
woul d stan d a  realisti c chanc e o f  entailing ,  an d henc e 
explaining ,  th e actua l  fact s o f  systematicity ? O n e lesso n t o 
be learne d fro m th e brie f  discussio n o f  deductiv e inferenc e 
i s tha t  th e actua l  dumpines s o f  rea l  cognitiv e performanc e 
must  reflec t  a t  leas t  tw o factors .  Obviously ,  structura l 
relationship s ar e ver y important .  Th e structura l  similaritie s 
i n th e task s themselves ,  an d presumabl y i n th e interna l  state s 
tha t  mak e possibl e performanc e o f  thos e tasks ,  hav e muc h t o 
do wit h th e fac t  tha t  ou r  cognitiv e capacitie s com e i n 
clumps .  However ,  thi s canno t  b e th e whol e story ,  sinc e ou r 
cognitiv e capacitie s apparentl y d o no t  alway s com e i n th e 
kin d o f  clump s tha t  ar e entaile d b y suc h considerations .  Th e 
critica l  rol e o f  conten t  i n deductiv e inferenc e capacitie s 
suggest s familiarit y als o ha s m u c h t o d o wit h th e actua l 
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shap e o f  th e clump s tha t  cognitiv e capacitie s com e in . 
Therefore ,  i t  i s  plausibl e tha t  an y conceptio n o f  cognitiv e 
architectur e tha t  buil t  in ,  fro m th e outset ,  bot h structure d 
interna l  state s an d structure-sensitiv e processe s an d a 
sensitivit y t o experienc e woul d b e abl e t o delive r  a n 
explanatio n o f  th e actua l  fact s o f  systematitity . 
Interestingly ,  thi s vagu e descriptio n embrace s th e kin d o f 
architectur e tha t  man y connectionist s wor k wit h (e.g. , 
Elman ,  1991) . 

I t  i s  a n ope n questio n whethe r  th e basi c principle s 
definin g thi s sub-clas s o f  connectionis t  architecture s ca n i n 
fac t  b e formulate d i n suc h a  wa y a s t o entail ,  an d henc e 
explain ,  th e basi c outlin e o f  th e clump s tha t  cognitiv e 
capacitie s actuall y com e in .  Th e poin t  o f  thi s pape r  ha s bee n 
t o challeng e th e nearl y universa l  acquiescenc e i n Fodo r  an d 
Pylyshyn' s clai m tha t  classica l  architecture s entai l  an d henc e 
explai n systematicity .  Thi s acquiescenc e ha s bee n mad e 
possibl e b y a  widesprea d reluctanc e t o engag e i n th e kin d o f 
tediou s empirica l  inquirie s tha t  woul d b e require d t o 
ascertai n th e actua l  natur e o f  th e clump s tha t  cognitiv e 
capacitie s com e in . 
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