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Cultural Constraints on Cognitive Representation 

Starting from Kant's notion of schemata as be-
in g rule s o f  synthesis ,  thi s pape r  atteirpt s t o 
dei/elo p a  unifie d characterizatio n o f  innat e 
and culturall y mediate d schemata .  Th e cor e 
concep t  fo r  thi s approac h i s th e translatio n 
or  transformatio n fro m on e cod e t o anothe r  o r 
t o som e others ,  whic h preserv e a  se t  o f  invari -
ants .  I t  i s  argue d tha t  th e allege d mechanis m 
of  transformatio n make s possibl e th e develop -
ment  o f  schemat a fo r  comple x externall y medi -
ate d tasks ,  whic h ar e a t  varianc e wit h innat e 
schemata ,  example s fo r  suc h task s ar e dancin g 
tang o o r  understandin g perspectiv e drawings . 

Such a notion of schema bears a strong struc-
tura l  similarit y t o algebrai c group s wit h cer -
tai n invariant-preservin g transformations . 
Thi s concep t  ca n bin d togethe r  Helmholtz ' 
'unconsciou s conclusions '  an d Hering' s expla -
natio n o f  perceptua l  constancies .  I t  i s  sug -
geste d t o appl y heuristicall y th e Gestal t  prin -
ciple s an d law s o f  perceptio n a s invariant -
preservin g transformation s o n th e conten t  o f 
scherr.ata .  B y mean s o f  a n analysi s o f  differen t 
task s th e heuristi c valu e o f  thi s approac h i s 
demonstrated . 

Exactly 200 years ago Kant turned around the 
arguren t  o f  Berkele y an d othe r  Empiricist s 
concernin g th e trut h o f  abstrac t  ideas ,  b y 
statin g tha t  th e a-prior y existenc e o f  certai n 
rule s make s possibl e th e perceptio n o f  parti -
cula r  instance s a s suc h an d no t  vic e versa.1 ) 
The juxtapositio n o f  a-prioristi c an d Empiri -
cis t  view s o f  perceptio n an d representatio n o f 
knowledg e wa s n.odifie d furthe r  b y Helmholtz , 
who deronstrate d tha t  th e geometr y o f  th e per -
ccj-rua l  spac e i s no t  Euclidea n unde r  certai n 
conditions .  Therefor e th e impose d rule s ar e 
net  a-prior i  bu t  depen d o n th e perceptua l  tas k 
and th e cultura l  and/o r  phylogeneti c develop -
ment .  A n eve n mor e radica l  modificatio n i s 
state d i n th e Sapir-Whor f  hypothesis ,  whic h 
pointe d ou t  th e importan t  intermediat e 
rol e o f  language .  Despit e it s apparen t  rel -1)Nietzsch e summarize d th e conten t  o f  Kant' s 

Critiqu e o f  Pur e Reaso n i n a  witticism :  "Th e 
conten t  i s quit e simple ;  Kan t  showe d tha t 
th e ordinar y man i s righ t  abou t  perceptio n 
and tha t  th e scientist s ar e wrong .  Unfortu -
natel y thi s conten t  i s hidde n i n language , 
whic h ca n onl y b e understoo d b y scientists. " 

evanc e fo r  model s o f  huma n knowledg e represen -
tatio n th e ver y rol e o f  cultura l  knowledg e i n 
th e developmen t  an d usag e o f  individua l  knowl -
edge ha s remaine d largel y undefined . 

The comparison of the well-known Necker cube 
i n figur e 1 ,  an d o f  a  slightl y varie d for m i n 
figur e 2  raise s immediatl y th e question ,  wh y 
figur e 2  appear s t o b e mor e 'right' . 

Figure s 1  i  2 

Comparison of two ways 
t o dra w a  cub e 

Figur e 1 

parallel edges of the drawn 
objec t  ar e mappe d int o para -
lle l  line s o f  th e sam e lengt h 
as i n th e draw n objec t 

Figur e 2 

parallel edges are drawn as 
line s wit h th e sam e vcinishin g 
poin t  an d th e lengt h o f  th e 
line s depend s o n th e perspectiv e 
foreshorte n in g 
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The answe r  tha t  figur e 2  i s exactl y draw n a s 
we perceiv e a  cube ,  i s no t  quit e convincing ; 
fo r  i t  provoke s th e furthe r  question ,  wh y th e 
ar t  o f  perspectiv e drawin g i s a  comparativel y 
recen t  developmen t  (abou t  50 0 year s old) ,  wh y 
most  peopl e ar e no t  abl e t o d o i t  withou t  in -
struction ,  an d wh y i n culture s no t  influence d 
by Wester n Renaissanc e ar t  o r  Chines e ar t  on e 
does no t  fin d geometrica l  perspective .  Eve n i f 
thes e broade r  cultura l  consideration s ar e no t 
take n int o account ,  ther e remain s th e puzzlin g 
question ,  wh y i n th e contex t  o f  th e cub e draw -
ing s i n figure s 1  an d 2  th e slante d line s a 
and b  i n 2  ar e easil y see n a s th e paralle l 
edges o f  th e righ t  sid e o f  th e cube ,  wherea s 
th e reall y paralle l  line s a '  an d b '  i n figur e 
1 d o no t  elici t  thi s impressio n a s easily . 
Various investigations have corroborated the 
existenc e o f  perceptua l  regularitie s lik e th e 
ones o f  Gestal t  psychology ;  on e strikin g ex -
ampl e i s th e groupin g du e t o th e 'sam e fate ' 
(e .  g. ,  paralle l  curves) .  I f  i t  i s  assume d 
tha t  groupin g paralle l  line s i s a n innat e rul e 
fo r  informatio n processin g —and i t  i s  diffi -
cul t  t o se e ho w thes e line s coul f  giv e ris e t o 
th e impressio n o f  a  cub e otherwisel )  --the n 
th e equatin g o f  'straigh t  line s meetin g i n th e 
same vanishin g point '  wit h 'paralle l  line s o n 
a slante d plane '  point s out ,  ho w cultura l  con -
straint s ca n influenc e th e rules ,  whic h gover n 
human informatio n processing . 
This notion of rules, which allow the percep-
tio n o f  spatia l  form s a s such ,  i s du e t o Kan t 
i n hi s argumen t  agains t  Berkeley' s denia l  o f 
trut h i n geometr y (Critiqu e o f  Pur e Reason) . 
Even i f  Kant' s insistin g o n thes e rule s a s 
a-prior i  truth s i s dismisse d nowadays ,  hi s de -
velopmen t  o f  a  schem a theor y gav e ris e t o con -
ceptualization s i n psychology ,  whic h opene d way s 
out  o f  th e paradoxica l  situations ,  int o whic h 
overconfiden t  reductionis m ha d le d psychology . 
I n thi s contex t  i t  suffice s t o reconstruc t 
Kant' s ide a an d som e o f  it s application s an d 
furthe r  development s i n orde r  t o poin t  out , 
what  a  schem a theoreti c approac h t o th e intro -
ductor y proble m coul d loo k like . 
Berkeley had stated that there can be no truth in 
geometr y sinc e theorem s o f  geometr y pertai n t o 
infinit e classe s o f  object s i n spac e (e .  g. , 
triangles )  .  Accordin g t o th e empiristi c  cri -
terio n o f  trut h a s base d o n perceptio n (ess e 
est  percipi) ,  ther e canno t  exis t  trut h fo r  in -
finit e collections ,  becaus e tha t  woul d neces -
sitat e th e storag e o f  a n infinit e numbe r  o f 
sens e impression s (images )  fo r  eac h suc h clas s 
i n th e huma n brain .  Kan t  (i n 'Critiqu e o f  Pur e 
Reason' )  invert s Berkeley' s argumen t  b y start -
in g fro m th e concep t  o f  rule s givin g ris e t o 
an infinit e numbe r  o f  images ,  whic h ca n b e 

paire d wit h figure s i n space :  'Th e schem a o f 
th e triangl e ca n exis t  nowher e bu t  i n though t 
and signifie s a  rul e o f  synthesi s o f  th e im -
aginatio n i n respec t  t o it s  figure s inspaoe."1 ) 
The connectio n betwee n th e figure s i n spac e 
and thei r  representatio n i n th e huma n brai n i s 
made possibl e throug h activ e perception : 
".. .  imaginatio n i s a  necessar y ingredien t  o f 
perceptio n itself. "  An d Kan t  resolve s Berkeley' s 
paradoxica l  conclusio n abou t  th e storag e o f 
infinitel y man y image s fo r  abstrac t  concepts , 
by couplin g th e abstrac t  concep t  wit h th e ac -
tiv e devic e o f  th e schema ,  whic h i s abl e t o 
produc e al l  possibl e example s fo r  a  give n con -
cept :  "Thes e image s ca n b e connecte d wit h th e 
concep t  onl y b y mean s o f  th e schem a t o whic h 
the y belong .  I n themselve s the y ar e neve r  com -
pletel y a t  on e wit h th e concept. " 
These ideas have had a strong influence on 
physiologist s i n th e las t  centur y an d i n th e 
beginnin g o f  thi s century :  o n Helmholt z an d 
Herin g i n Germany ,  o n Hea d i n England .  Th e 
transformation s o f  Kant' s schem a theor y b y 
thes e scientist s i n tur n influence d Gestal t 
psycholog y i n continenta l  Europe -  an d Bartlett' s 
conceptualizatio n o f  psycholog y i n England . 
Especiall y th e applicatio n o f  thi s theoretica l 
framewor k b y Hea d an d Bartlet t  ha s obscure d 
th e distinctio n betwee n th e abstrac t  concept , 
th e activ e schema ,  an d th e ad-ho c produce d 
images .  Thi s le d t o suc h a  vagu e definitio n o f 
schema,  tha t  thi s labe l  coul d b e use d t o denot e 
any step s i n th e chai n o f  informatio n pro -
cession ,  whic h seeme d t o b e to o comple x t o b e 
analyze d further .  Rumelhar t  (1980 )  an d other s 
hav e argue d tha t  fo r  th e concep t  o f  schem a t o 
pla y a n importan t  par t  i n cognitiv e psychol -
ogy ,  i t  i s  necessar y t o clarif y it s definitio n 
an d  t o develo p mechanism s t o tes t  th e feasi -
bilit y  o f  th e concept .  Bu t  eve n Rumelhart' s 
notio n o f  'Schemat a a s Buildin g Block s o f  Cog -
nition '  organize d i n a  hierarchica l  way ^  seem s 
t o hav e certai n weaknesses : 
-  i t  necessitate s th e assumptio n o f  primitive s 

i n orde r  t o avoi d infinit e regres s downwards , 
whil e lackin g self-eviden t  criteri a o f  de -
marcatio n betwee n schemat a an d primitive s 

- it does not exclude a possible infinite re-
gres s upwards ;  ther e alway s i s stil l  anothe r 
schema necessar y t o contro l  th e to p mos t 
schema 

An alternative strategy to define the concept 
of  schem a an d a t  th e sam e tim e t o circumven t 
some o f  th e mentione d pitfalls ,  ca n star t  b y 
goin g bac k t o Kant' s notio n o f  schem a a s ' a 
rul e o f  synthesis' ,  whic h forme d th e theoreti -
ca l  framewor k fo r  Helmholtz',  Hering' s an d 
Gelb' s explanation s o f  constancie s i n huma n 
perception .  Helmhotz :  ".. .  th e la w o f  suffi -
cien t  reaso n i s reall y nothin g mor e tha n th e 

DTher e i s a n infinit e numbe r  o f  tw o an d thre e 
dimensiona l  form s whic h ar e i n agreemen t  wit h 
th e topologie s o f  figur e 1  an d 2 ,  whic h b y 
th e wa y ar e topologicall y equivalent . 

1)italic s b y th e autho r 
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'urge '  o f  ou r 
ception s unde r 
knowledg e an d 
possibl e b y t h 
ide a o f  invar i 
ca l  proble m o f 
portance ,  ha s 
th e mos t  intu i 
perception. " 

intellec t  t o brin g al l  ou r  per -
control. "  Hering :  ".. .  objectiv e 

objectiv e judgmen t  ar e rendere d 
i s constancy, "  an d Gelb :  "Th e 
ance ,  whic h i s a n epistemologi -

validit y o f  th e foremos t  im -
one o f  it s  roots ,  an d perhap s 
tiv e on e i n th e psycholog y o f 

The searc h fo r  suc h invariant s an d fo r  th e re -
late d classe s o f  transformation s forme d th e 
researc h progra m o f  Gestal t  psychologists ,  a s 
can b e see n i n Kohler' s summin g u p th e basi c 
idea s o f  Ehrenfols :  "I t  i s  characteristi c o f 
phenomenal  form s tha t  thei r  specifi c  proi:iertie s 
remai n unchanged ,  whe n th e absolut e dat a upo n 
whic h the y rest ,  underg o certai n modification. " 
I n Gestal t  psycholog y rule s hav e bee n develope d 
whic h pi n dow n invariant s an d thei r  transforma -
tion s i n perception :  th e 'laws '  o f  grouping , 
of  salienc y (Pragnanz) ,  etc .  Unfortunatel y i n 
th e generalization s t o mor e comple x form s o f 
human behavio r  muc h o f  th e origina l  clarit y 
has bee n lost .  Anothe r  limitatio n o f  th e Ge -
stal t  approac h i s it s nativisti c orientation , 
whic h prevente d Gestal t  psychologist s t o real -
iz e th e interactio n betwee n thes e innat e rule s 
and externa l  (e .  g. ,  socia l  o r  cultural )  knowl -
edge . 
Various analyses (e. g., Uttal, Julesz) have 
shown ho w th e applicatio n o f  simpl e filter s 
or  auto -  an d cross-correlatio n technique s ar e 
abl e t o detec t  regularitie s (e .  g. ,  figures ) 
i n apparentl y rando m patterns ;  thes e result s 
ar e unde r  certai n condition s (type s o f  symme-
try ,  paralle l  curves ,  straigh t  lines )  th e sam e 
ones ,  a s on e get s wit h huma n observers .  I f  on e 
take s th e underlyin g rules ,  whic h enabl e th e 
organis m t o detec t  form s i n rando m nois e o r  t o 
discriminat e betwee n differen t  forms ,  a s th e 
most  primitiv e buildin g block s o f  perception , 
the n i t  i s  possibl e t o explai n th e emergenc e 
of  schemata .  Thes e schemat a ca n b e define d a s 
uniqu e combination s o f  th e primitiv e buildin g 
block s unde r  constraint s o f  th e organis m (e.g. , 
channe l  capacity ,  codin g capacity )  an d th e en -
vironment ,  upo n whic h thes e schemat a ar e ap -
plied . 

One major objection to this view could be that 
th e invoke d rule s migh t  b e tru e onl y fo r  cer -
tai n modalities ;  th e fac t  tha t  'Gestalt-laws ' 
mostl y ste m fro m researc h i n visua l  perceptio n 
seems t o corroborat e thi s critique .  What  woul d 
be th e consequenc e fo r  a n assumptio n o f  mo -
dalit y specifi c  rules ? A t  firs t  i t  necessitate s 
furthe r  non-analyzabl e units ,  whic h mak e pos -
sibl e th e translatio n fro m on e sensor y cod e 
int o another ,  i n orde r  t o explai n highl y inte -
grate d huma n activities  suc h a s script-writin g 
(integratio n o f  kinesthetic ,  visua l  an d 'sym -
bolic '  codes )  o r  dancing ,  wher e kinesthetic , 
vestibular ,  an d acousti c code s influenc e eac h 
other .  Thes e activities  ar e no t  onl y highl y 
learnable ,  bu t  the y exhibi t  th e mentione d kin d 
of  integratio n fro m th e ver y beginnin g (con -
cededl y i n varyin g degrees) .  Furthermor e i t 
woul d b e difficul t  unde r  thi s assumptio n t o ex -
plai n synesthetics ,  th e emergenc e o f  immediat e 
impresslons/o f  similarit y betwee n experience s 
i n differen t  modalitie s (whic h giv e ris e t o 
self-explainin g simile s an d metaphors )  o r  in -
termoda l  rivalr y an d it s resolution .  T o su m up : 
The assumptio n o f  modalit y specifi c  rule s give s 
ris e t o a  les s parsimoniou s explanatio n o f  in -
ner  organismi c communication . 

Thi s hegativ e argumen t  fo r  modalit y indepen -
dent  rule s ca n b e supporte d b y th e demonstra -
tio n o f  structurall y equivalen t  rule s i n dif -
feren t  codes :  e .  g .  I n groupin g perceive d ob -
ject s th e rule s o f  linea r  successio n an d par -
alle l  movement s exer t  stron g influence .  Thes e 
ver y rule s ar e structurall y equivalen t  t o th e 
mechanis m assume d fo r  th e solutio n o f  analogi -
ca l  problem s b y Rumelhar t  &  Abrahamso n (1973) , 
as ca n b e see n i n figur e 3 : 
If b is linear succession of a, and b' is a 
linea r  successio n o f  a' ,  an d i f  th e movement 
fro m a  t o b  an d fro m a '  t o b '  ar e parallel , 
the n b '  is t  th e solutio n o f  th e analogica l  prob -
le m a  :  b  =  a '  :  ? 

a, b, a", and b' can stand for verbally stated 
concepts ,  fo r  bodil y movements ,  o r  fo r  aooxisti -
ca l  phenomena ,  an d thu s ca n giv e ris e t o th e 
resolutio n o f  suc h differen t  task s a s findin g 
th e correc t  verba l  expression ,  a s doin g th e 
righ t  leg-ar m coordinatio n i n skiing ,  o r  a s 
composin g a  fugue .  I t  i s  apparen t  tha t  i n thes e 
application s onl y th e se t  o f  rule s remaine d in -
variant ,  wherea s th e interna l  a s wel l  a s th e 
externa l  constraint s change d totally . 
Figure 3 

linea r  successio n 

I 
a fc b 

paralle l  movement 

linea r  successio n 

perceptua l  rule s underlyin g analogica l  prob -
lem s o f  typ e 

a : b = a' : 7 

On the background of this discussion a schema 
i s a  se t  o f  primitiv e rule s whic h ar e couple d 
i n a  uniqu e combinatio n unde r  intra-organismi c 
and extra-organismi c constraint s fo r  a  certai n 
task .  I n th e framewor k o f  thi s tas k th e schem a 
appear s a s a  no-further-analyzabl e uni t  an d 
can b e considere d a s a  pragmati c primitive . 
Task hierarchie s the n impl y hierarchie s o f 
schema too ,  thu s indicatin g tha t  th e foca l 
poin t  i n th e perceptio n o f  th e tas k hierarch y 
influences ,  wha t  ca n b e determine d a s a  prag -
mati c primitive .  For m thi s poin t  o f  vie w th e 
functio n o f  th e schem a ca n b e assume d a s twofold : 
ly  1  th e generatio n o f  possibl e constellation s 

(e .  g. ,  string s o f  symbols ,  sequence s o f 
movements ,  figures )  an d thei r  compariso n 
wit h perceive d constellation s 

H2 the extrapolation of future states of the 
organis m an d thei r  compariso n wit h per -
ceive d states . 
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Whereas th e forme r  allow s identificatio n an d 
classificatio n o f  informatio n an d events ,  th e 
latte r  make s self-regulate d goal-directe d be -
havio r  possible .  A  combinatio n o f  bot h func -
tion s underlie s behavior ,  whic h i s regulate d 
by externa l  feedback . 

The influence of cultural constraints on the 
functionin g o f  schemat a ca n b e observe d bes t 
i n instances ,  wher e th e rule s o f  th e cultura l 
constraint s interfer e wit h th e rule s o f  a n 
eithe r  inbor n schem a (e .  q. ,  uprigh t  walkin g 
of  human s wit h a  characteristi c  arm-le g coordi -
nation )  o r  a n individuall y develope d schem a 
(e .  g. ,  certai n moto r  pattern s whic h mak e u p 
th e invidua l  characteristic s o f  script ,  draw -
ing ,  o r  gesticulation) .  Suc h a n interferenc e 
i s mostl y possible ,  i f  th e existin g schem a ca n 
produc e particular s (i n Cassirer' s sense )  i n 
agreemen t  wit h th e cultura l  constraint s i n th e 
limitin g cas e bu t  no t  i n th e genera l  casa . 
Thi s situatio n ca n b e clarifie d b y tw o exanple s 
fro m differen t  domains . 

The cultural constraints on a mode of argumen-
tatio n typica l  fo r  th e Wester n cultur e ca n b e 
foun d i n th e rule s o f  syllogisti c reasoning . 
Psychologica l  analyse s o f  thi s tas k sinc e 
Wertheime r  hav e demonstrated ,  tha t  formall y 
equivalen t  problem s lea d t o totall y differen t 
pattern s o f  successe s an d errors ,  an d tha t 
framing ,  whic h doe s no t  alte r  th e logica l  struc -
ture ,  influence s th e probabilit y  o f  succes s i n 
a highl y predictabl e way .  I f  th e rule s o f  per -
ceptio n ar e take n a s primitive s fo r  a  schem a 
of  argumentation ,  the n thes e rules ,  especiall y 
'neighDorhood' ,  'succession' ,  'sam e fate' ,  an d 
'paralle l  curves' ,  ca n b e take n a s th e underlyin g 
caus e fo r  Johnson-Laird' s figurativ e effec t 
as wel l  a s fo r  th e superiorit y o f  concret e 
problem s ove r  abstrac t  problem s o f  th e sam e 
logica l  structure . 

The learning of movements in dancing is cinother 
exampl e fo r  th e interferenc e o f  cultura l  con -
straint s wit h inbor n schemata .  Physiologica l 
as wel l  a s psychologica l  analyse s o f  huma n 
motor  behavio r  hav e demonstrate d tha t  it s ap -
paren t  smoothnes s i s du e t o CNS-controlle d 
'pre-enervations' ,  whic h allo w a  ver y fas t 
sequenc e o f  th e sam e o r  differen t  movements , 
e.  g .  i n walkin g (same) ,  o r  jumpin g (different) . 
A necessar y preconditio n o f  thes e 'pre-ener -
vations '  seem s t o be ,  tha t  on e movement  fol -
low s th e athe r  i n ' a natura l  way' .  I f  th e per -
ceptua l  rule s ar e assu.ne d t o characteriz e thi s 
'natura l  way' ,  the n i t  become s plausible ,  wh y 
tang o seem s t o b e on e o f  th e mos t  difficul t 
dance s t o learn .  Th e initia l  sequenc e o f  step s 
makes us e o f  th e patter n o f  norma l  walking . 
Par t  o f  th e walkin g schem a i s stopping ,  bu t  i n 
tang o instea d o f  a  simpl e sto p wit h subsequen t 
chang e o f  directio n a  kin d o f  oscillatio n o f 
th e bod y i s prescribed ,  whic h i s onl y foun d i n 
thi s typ e o f  dancing .  Thu s th e invariant s o f 
tang o ar e incompatibl e wit h th e schemat a o f 
walkin g a s wel l  a s o f  othe r  kind s o f  dancing . 
The obviou s fact ,  tha t  thi s movement  ca n b e 
learne d nevertheless ,  may b e mad e possibl e b y 
th e translatio n o f  th e rhythmi c invariant s 
containe d i n th e melody ,  int o rhythmi c pattern s 
of  bodil y movements .  Th e fact ,  tha t  dancin g 
tang o withou t  hear d o r  imagine d musi c i s nearl y 
impossible ,  make s thi s conclusio n plausible . 

In order to resolve all the questions and 
viciou s circle s i n relatio n t o schem a theor y 

and it s interdependenc e wit h cultura l  con -
straint s a  mor e detaile d an d experimentall y 
corroborate d theor y i s necessar y tha n thi s ad -
mittedl y uneve n an d loophole d sketc h o f  a n 
alternativ e startin g poin t  ca n be .  Nevertheles s 
i t  i s  hope d tha t  a t  leas t  i t  stimulate s clarify -
in g discussion s abou t  thi s centra l  concep t  o f 
cognitiv e psychology . 

Thes e idea s hav e gaine d muc h fro m Davi d Rumel -
hart' s  lecture s an d discussion s wit h Jennife r 
Frey d an d Regin e May .  Th e remainin g lac k o f 
clarit y mus t  totall y b e contribute d t o th e 
autho r 
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