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Abstrac t 
Thi s pape r  describe s a  forma l  framewor k fo r 
perceptua l  categorizatio n tha t  ca n accoun t  fo r  th e 
salien t  qualitativ e predicate s huma n observer s ar e 
willin g t o ascrib e t o a  close d clas s o f  objects ,  an d 
consequentl y th e simpl e grouping s the y ca n induc e 
fro m smal l  set s o f  examples .  Th e framewor k hinge s 
on th e ide a o f  a  generativ e proces s tha t  produce s a 
give n se t  o f  objects ,  expresse d a s a  sequenc e o f 
group-theoreti c operation s o n a  primitiv e element , 
thu s ascribin g algebrai c structur e t o perceptua l 
organizatio n i n a  manne r  simila r  t o Leyto n (1984) . 
Putatively ,  perceiver s alway s see k t o interpre t  an y 
stimulu s a s a  formall y generi c resul t  o f  som e 
sequenc e o f  operations ;  tha t  is ,  the y interpre t  eac h 
objec t  a s a  typica l  produc t  o f  som e generativ e 
process . 

Th e principl e forma l  structur e i s a  "mod e 
lattice, "  whic h a )  exhaustivel y list s th e qualitativ e 
shap e predicate s fo r  th e clas s o f  shapes ,  an d b ) 
define s th e inferentia l  preferenc e hierarch y amon g 
them .  Th e mechanic s ar e worke d ou t  i n detai l  fo r 
th e clas s o f  triangles ,  fo r  whic h th e predicte d 
qualitativ e feature s includ e suc h familia r  geometri c 
categorie s a s "scalene, "  "isosceles, "  an d "right, "  a s 
wel l  a s mor e "perceptual "  one s lik e "tall "  an d 
"short. "  Withi n th e theor y i t  i s  possibl e a s wel l  t o 
defin e "legal "  vs .  "illegal "  categor y contrasts ;  a 
number  o f  example s sugges t  tha t  ou r  perceptua l 
interpretation s ten d t o regulariz e th e latte r  t o th e 
former . 

Introduction 

A m o ng al l  th e description s o f  a  stimulu s configuratio n tha t 
ar e i n principl e possible ,  huma n observer s see m t o favo r  th e 
simples t  ones ,  a  generalizatio n tha t  ca n b e trace d bac k a s 
leas t  a s fa r  a s th e Gestaltist s (e.g. ,  Koffka ,  1935 ;  Kohler , 
1947) .  Consequently ,  m a n y perceptua l  theorie s hav e 
attempte d t o accoun t  fo r  preferre d description s b y showin g 
tha t  the y minimiz e som e measur e o f  complexity ,  ofte n 
descriptio n lengt h i n som e descriptio n languag e (e.g. , 
Buffart ,  Leeuwenberg ,  &  Resde ,  1981 ;  Darrell ,  Sclaroff ,  & 
PenUand,  1990 ;  Hochber g &  McAlister ,  1953 ;  Simon , 
1972 ;  se e als o Hatfiel d &  Epstein .  1985 ;  Leeuwenber g & 
Boselie ,  1988 ;  Perkins ,  1976) .  Thi s notion ,  ofte n terme d 
th e "minimu m principle, "  parallel s th e mathematica l  theor y 

of  informationa l  complexit y (e.g .  Chaiti n 1966 , 
Kolmogorov ,  1965) ,  i n whic h th e complexit y o f  a  strin g i s 
define d a s th e lengt h o f  th e shortes t  compute r  progra m tha t 
ca n generat e it .  However ,  thes e perceptua l  theorie s hav e 
ofte n suffere d fro m th e fac t  tha t  th e descriptio n language s 
use d mus t  b e somewha t  arbitrary ;  th e atom s o f  th e 
language—individua l  features ,  predicates ,  an d type s o f 
spatia l  relationship s tha t  ar e wort h incorporatin g int o 
descriptions—^ar e difficul t  t o motivat e b y underlyin g theory . 
Rathe r  tha n findin g on e "min imu m principle "  underlyin g 
perception ,  a s woul d b e desired ,  perceptua l  theorist s fin d 
many.  Moreover ,  th e relationshi p betwee n descriptiv e 
simplicit y an d descriptiv e correctness—i f  ther e i s any—ha s 
neve r  bee n mad e completel y clear . 

Thi s pape r  attempt s t o ge t  aroun d thes e problem s b y 
proposin g a  framewor k o f  stimulu s descriptio n whic h 
explicitl y  generalize s acros s differen t  way s o f  conceivin g o f 
th e stimulu s a s havin g bee n constructed .  A  particula r 
conceptio n o f  th e generatin g proces s underlyin g a  particula r 
clas s o f  stimul i  entail s a  lattic e relatin g th e subspace s an d 
half-spaces .  Thi s lattic e bot h a )  exhaustivel y enumerate s th e 
qualitativ e structura l  predicate s an d feature s o f  th e clas s o f 
objects ,  an d b )  make s th e inferentia l  preferenc e relationship s 
among the m explicit .  Th e schem e i s  worke d ou t  her e i n 
detai l  fo r  on e clas s o f  object ,  triangles ;  th e resultin g lega l 
shap e predicate s seem ,  intuitively ,  bot h simpl e an d natural . 
I n thi s wa y th e qualitativ e shap e predicate s tha t  h u m a n 
observer s ar e willin g t o ascrib e t o diangles ,  a s evidence d i n 
th e categorie s the y ar e abl e t o induc e fro m a  handfu l  o f 
examples ,  ar e thu s characterize d formally ,  an d (i n theory ) 
exhaustively . 

Mode lattices 

Leyto n (1984 )  develope d a  vie w o f  perceptua l  interpretatio n 
i n whic h a  stimulu s i s treate d b y th e observe r  a s th e produc t 
of  a  sequenc e o f  neste d geometri c transformations . 
Perceptua l  interpretation ,  then ,  proceed s b y factorin g th e 
input ,  laye r  b y layer ,  int o successivel y simple r  structure s t o 
whic h mor e comple x one s ar e referenced .  Th e algebrai c 
su-uctur e thi s theor y impose s o n perceptua l  organizatio n i s 
intriguin g an d compelling—explaining ,  fo r  example ,  w h y a 
parallelogra m i s  perceive d a s a  slante d rectangle ,  an d a 
rectangl e a s a  stretche d square .  A  lin e segment ,  i n thi s 
framework ,  migh t  b e th e visibl e produc t  o f  a  translatio n 
operatio n o n a  poin t  i n th e plane ,  whic h w e labe l  th e origi n 
(givin g u s translatio n invariance) :  (O)Tr̂ Q .  Th e spac e o f  al l 

lin e segment s constructe d thi s wa y (th e configuratio n space ) 
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has tw o dimensions ,  r  an d 9 .  A  generi c jxjin t  i n thi s 
space—a typica l  produc t  o f  th e generativ e proces s w e ar e 
assumin g t o hav e produce d al l  lin e segments—i s a  lin e wit h 
non-zer o lengt h tha t  i s  neithe r  exactl y horizonta l  no r  exactl y 
vertical .  Non-generi c point s fal l  o n on e o f  th e subspace s 
(i.e. ,  axes )  o f  th e space ,  an d correspon d t o th e clas s o f 
vertica l  lines ,  th e clas s o f  horizonta l  lines ,  an d th e origi n 
poin t  itself .  Lin e segment s tha t  fal l  int o on e o f  thes e 
subspac e classe s ar e ver y special ,  an d i t  i s  worthwhil e 
makin g thei r  specialnes s explici t  i n th e perceiver' s 
representation . 

I n general ,  w e mode l  eac h stimulu s configuratio n u  a s 
th e visibl e produc t  o f  th e actio n o n th e origi n o f  a  sequenc e 
of  one-paramete r  operation s 

where d, the number of one-parameter operations, is the 
dimensionalit y o f  th e resultin g configuratio n space ,  an d eac h 
operatio n T j  i s  carrie d ou t  t o a  magnitud e a, .  A n y 

operatio n whos e magnitud e i s zer o reduce s t o th e identit y 
operation ,  an d thu s drop s ou t  o f  th e expressio n completely ; 
thi s correspond s t o a  subspac e o f  th e configuratio n space . 
Withi n a  give n spac e (o r  subspace )  th e generi c object s ar e 
al l  produce d b y generativ e string s i n whic h non e o f  th e 
operation s ha s droppe d out .  Recursively ,  a  non-generi c 
objec t  tha t  fall s  i n a  give n subspac e ca n eithe r  b e generi c i n 
tha t  subspace ,  o r  i t  ca n actuall y fal l  i n a  subspac e o f  th e 
subspace ,  i n whic h cas e i t  i s  eve n mor e non-generic ;  tha t  is , 
i t  ha s highe r  codimensio n i n th e overal l  configuratio n space . 
(Th e codimensio n i s simpl y th e differenc e betwee n th e 
dimensio n o f  a n objec t  an d th e dimensio n o f  th e spac e i n 
whic h i t  i s  embedded. )  Eac h prope r  subspac e divide s eac h 
embeddin g superspac e (o f  dimensio n on e greater )  i n half ;  w e 
cal l  th e tw o half-space s m o d e s o f  th e space .  Conversely , 
eac h (possibl y improper )  subspac e o f  dimensio n k  ca n b e 
divide d int o tw o half-spac e m o d e s b y a  subspac e (o f 
dimensio n k - \ ) 'm k differen t  ways . 

Generi c interpretation s ar e preferred .  Apparently , 
perceiver s alway s see k t o interpre t  th e observe d 
configuratio n a s a  generi c produc t  o f  som e sequenc e o f 
generatin g operations .  Th e generatin g sequenc e o f  operation s 
i s prune d o f  identitie s unti l  a  generi c sequenc e ca n b e see n t o 
yiel d th e observe d object ;  tha t  is ,  i f  a n observe d objec t  ca n 
be expresse d wit h on e o f  th e operation s a s th e identity ,  th e 
object' s interpretatio n drop s d o w n a  dimensiona l  leve l  t o a n 
e m b e d d e d subspace .  Lower-d imensiona l  (highe r 
codimension )  subspaces ,  sinc e the y hav e mor e dimension s 
fixed  i n a  wa y unlikel y t o occu r  b y accident ,  alway s mak e 
stronge r  inference s o f  structure .  Fo r  a  close d clas s o f 
object s i n on e configuratio n space ,  therefore ,  al l  th e 
predicate s a  perceive r  i s willin g t o appl y t o object s i n th e 
clas s shoul d correspon d t o subspace s o r  half-space s o f  th e 
configuratio n space . 

Thes e space s ca n al l  b e connecte d u p schematicall y i n a 
m o de lattice. "  Th e m o d e lattic e i s buil t  aroun d th e ordinar y 

subspac e lattice ,  t o whic h i s added ,  fo r  eac h subspace ,  th e 
tw o moda l  half-space s o f  th e embeddin g superspac e int o 
whic h th e subspac e divide s it .  Th e resultin g constructio n 
makes th e dimensionaUt y an d subspac e relationship s amon g 
interpretation s o f  object s i n th e clas s explicit .  Then , 
putativeiy ,  al l  allowabl e predicate s o n thes e object s ca n b e 
rea d of f  th e m o d e lattic e i n a n automati c fashion .  Th e nex t 
sectio n describe s a  m o d e lattic e fo r  u-iangles . 

Mode lattice for triangles 

O ne wa y o f  conceivin g a  triangl e i s a s tw o leg s joine d a t  a 
fulcrum ,  an d a  thir d le g joinin g thei r  ends .  W e no w cas t  thi s 
generatin g proces s formall y a s a  sequenc e o f  operation s o n 
th e origin ,  an d construc t  th e correspondin g mod e lattice . 
Not e tha t  an y alternativ e wa y o f  formall y conceivin g th e 
constructio n o f  triangle s woul d lea d t o a  differen t  mod e 
lattice ,  on e whic h impose s a  differen t  geometr y o n th e spac e 
of  triangles .  Ther e ar e a  finite  numbe r  o f  suc h alternatives . 

I n thi s w a y o f  conceivin g triangles ,  ther e ar e tw o 
controllin g dimensions :  th e angl e 9  betwee n th e tw o side s 
tha t  mee t  a t  th e fulcrum ,  an d th e differenc e A r  betwee n th e 
length s o f  th e legs .  Assumin g scal e invariance ,  th e 
dimensio n o f  th e configuratio n spac e d  i s thu s 2 ,  s o tha t 

ther e ar e 3  (2 ^  -  1 )  prope r  subspaces:  r \  =  r2 ,  9  =  nil ,  an d 

th e origin ,  a t  whic h bot h r \  =  r i  an d 9  =  7t/2 .  ( 9 =  til l  i s  a n 

identity ,  briefly ,  becaus e onl y thi s specia l  angl e differ s fro m 
it s complementar y angl e b y th e identit y transform. )  Th e 
m o de lattic e appear s i n Figur e 1 ;  th e legen d an d explanator y 
schematic s ar e o n th e lef t  o f  th e figure,  an d th e lattic e itsel f 
i s  draw n o n th e right .  A  do t  ha s bee n draw n o n al l  th e 
sampl e triangle s a t  th e referenc e vertex ,  bot h i n orde r  t o 
defin e i t  an d t o encourag e th e reader' s perceptua l  apparatu s t o 
trea t  i t  a s special ,  thu s hopefull y creatin g a  bia s toward s 
seein g th e triangle s a s product s o f  a  generativ e proces s o f 
th e sor t  described . 

The "scalene "  triangl e (th e ter m her e meanin g generi c i n 
th e overal l  configuratio n space )  appear s a t  th e to p o f  th e 
lattice .  A n arbitrar y triangle ,  tha t  is ,  a  typica l  produc t  o f 
thi s generativ e process ,  i s  scalene .  Th e prope r  subspace s ar e 
als o familia r  triangl e categories :  th e axe s ar e "isosceles "  an d 
"right" ,  tw o categorie s traditionall y treate d specially ,  an d th e 
origi n i s o f  cours e "righ t  isosceles. "  Necessarily ,  th e origi n 
triangl e i s shape-invariant ,  sinc e ther e ar e n o degree s o f 
shap e freedo m lef t  t o vary .  Thi s triangle ,  vi a th e spatia l 
parameter s i t  ha s fixed,  i n a  sens e implie s th e entir e lattice . 

Th e featur e predicate s tha t  appea r  o n th e mod e lattic e 
shoul d al l  b e categorie s o f  triangle s tha t  huma n observer s 
ca n induc e easil y fro m eve n a  ver y smal l  se t  o f  examples . 
Thi s i s mos t  acutel y see n whe n categorie s ar e contraste d 
wit h on e another ,  a s i n a  "Bongard "  proble m (Bongard , 
1970 ;  Feldman ,  i n preparation ;  Richards ,  1988) .  Th e nex t 
sectio n propose s a  definitio n o f  "legal "  categor y contrasts , 
i.e. ,  lega l  pairing s o f  mode s an d subspace s fro m a  mod e 
lattice .  Th e criterio n fo r  lega l  contrasts ,  thoug h motivate d 
on independen t  forma l  grounds ,  turn s ou t  t o b e intimatel y 
relate d t o a  simpl e mode l  o f  naturally-occurin g categories . 
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(a ) (b ) 

S 1  =  generi c ("scalene" )  triangle s 

S 2 = <q * rZ^ = isosceles 

S 3 = <e = t/2> = right 

S4 = <q*='2. 6 = ii/2> = right isosceles 

Ml = 1 =  M 2  *  lef t  le g longe r 

M2 = 2 =  M 2  *  right  le g longe r 

M3 =A f  3  =  obtus e 

M4 =M^o* acute 

M5=Af_^ (within S2) = obtuse isosceles 

M 6 = W^^ (within S2) = acute isosceles 

M 7 =McA (*i*i" S3) = right, with right leg longer 

M 8 = A/_4 (within S3) = right, with left leg longer 

'"1 = ^2 

SI 

S3 •S 4 

f 

e =7t/ 2 

(c ) 

S2 

(d) 

Fig .  1 .  M o d e lattic e fo r  triangles :  (a )  lis t  o f  subspace s an d mode s (half-spaces) ;  (b )  mod e lattice ;  (c )  schemati c o f  a 

triangle, labeling the angle and sides; and (d) schematic of the configuration space, showing the relation of the 

four subspaces. The notation A/-, ^^'c) indicates the mode that is on the plus side of subspace 82. 

L e g a l  c a t e g o r y c o n t r a s t s 

The 2- D triangl e spac e ha s 4  subspace s (includin g th e entir e 
space )  an d 8  modes ,  s o ther e ar e a  tota l  o f  1 2 theoreticall y 
reasonabl e categories ;  i n th e absenc e o f  constrain t  an y o f  th e 
66 pairing s o f  thes e migh t  m a k e a  goo d contrast .  W e n o w 
cut  thi s numbe r  d o w n b y proposin g constraints . 

Lega l  categor y contrast s naturall y fal l  int o tw o types : 
between-spac e an d within-space . 

Between-spac e contrasts .  Between-spac e contrasts ,  suc h 
as thos e betwee n th e tw o axe s o f  th e triangl e space ,  o r 

betwee n th e entir e spac e an d on e axis ,  involv e categorie s 
tha t  ca n b e writte n a s completel y differen t  sequence s o f 
generativ e operations .  A  subspac e o f  a  spac e i s generate d b y 
a subsequenc e o f  it s  definin g operations ,  wit h th e identit y 
operatio n droppin g out .  T w o crossin g subspace s m a y b e 
though t  o f  a s th e produc t  o f  tw o differen t  operation s o n th e 
same point .  I n eithe r  case ,  th e resultin g categorie s amoun t 
t o differen t  "species "  o f  object ;  wit h differen t  generativ e 
identities ,  a  perceive r  migh t  justifiabl y expec t  the m t o hav e 
qualitativel y differen t  structura l  propertie s an d attributes . 
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< n 

(a ) 

fh '̂ l 

- L -
R 

(b ) 

e =  7c/ 2 

Fig .  2 .  (a )  "Right "  (L )  vs .  "Isosceles "  (R )  triangles ;  (b )  schemati c o f  th e contrast ,  showin g i t  a s tw o subspace s 

of  triangl e configuratio n space . 

A n exampl e appear s i n Figur e 2 .  Th e reade r  m a y 
confir m tha t  th e categor y induction s ar e perceptuall y 
apparen t  an d intuitivel y natural . 

WUhin-spac e contrasts .  A  categor y withi n a  (sub)spac e 
i s a  collectio n o f  quadrant s o f  th e space ;  an y tw o suc h 
categorie s correspon d t o differen t  classe s withi n th e sam e 
basi c generatin g process .  Thoug h the y canno t  b e expresse d 
as th e produc t  o f  differen t  sequence s o f  operations ,  th e 
contrastin g categorie s manifes t  differen t  value s alon g som e 
structura l  dimensions .  Tha t  th e difference s betwee n the m 
ar e moda l—the y cros s th e boundarie s delineate d b y th e 
subspaces—suggest s tha t  suc h categorie s might ,  lik e 
between-spac e contrasts ,  exhibi t  qualitativel y differen t 
structura l  propertie s o r  attributes . 

T o motivat e th e definitio n o f  lega l  wiihin-spac e 
contrasts ,  conside r  tha t  som e collection s o f  quadrant s i n a 
2- D ca n b e expresse d a s a  contras t  alon g on e dimensio n tha t 
i s the n extrude d symmetricall y alon g th e othe r  dimension . 

For  example ,  i f  th e ful l  2- D spac e i s divide d i n half ,  ther e i s 
conu^s i  betwee n th e tw o half-space s acros s on e axi s (th e 
bisectin g one) ,  bu t  symmetr y acros s th e perpendicula r  axis . 
I n suc h a n arrangement ,  w e cal l  th e asymmeuica l  axi s th e 
contras t  component ,  an d th e symmeuica l  axi s th e extrusio n 
componen t  (becaus e th e contras t  i s  extrude d alon g it) .  Lega l 
contrast s ar e define d t o b e thos e tha t  ca n b e expresse d a s a 
pur e combinatio n o f  a n extrusio n componen t  o f  magnitud e e 
and a  contras t  componen t  o f  magnitud e c ,  suc h tha t  c > 0 
(o r  els e ther e i s n o contrast )  an d c  - ^  e  =  d  (al l  dimension s 
ar e accounte d for) .  I n th e extrem e cas e o f  pur e conu-as t  { e = 
0) ,  tw o diagonall y opposit e quadrant s mee t  a t  th e origin .  I n 
thi s cas e th e contras t  betwee n th e categorie s i s complete : 
the y diffe r  o n ever y essentia l  structura l  parameter . 

An exampl e o f  a  lega l  within-spac e contras t  appear s i n 
Figur e 3 .  Again ,  th e contras t  seem s t o captur e a 
perceptuall y intuitiv e an d salien t  distinction . 

rf i  =  ̂ 2 

R R 

•e=n/ 2 

(a ) 
(b ) 

Fig .  3 .  (a )  "Obtuse "  (L )  vs .  "Acute "  (R )  mai n angle ;  (b )  schemati c o f  th e contrast ,  showin g i t  a s tw o 

modal  half-space s o f  th e configuratio n space .  Th e categcffie s ar e contraste d alon g the G dimension , 

and extrude d alon g th e A r  dimension . 
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:h=' 2 

Q=n/ 2 

R 

(b ) 

e =  7i/ 2 

Fig .  4 .  (a )  "Righ t  &  right  le g longer "  (L )  vs .  "Isosceles "  (R) ;  (b )  schemati c showin g th e 

regularizatio n o f  th e contras t  t o "Right "  vs .  "Isosceles. " 

Thes e tw o example s ar e mean t  onl y t o giv e th e genera l 
flavo r  o f  lega l  contrasts :  the y captur e i n a  formalis m th e 
intuitivel y natura l  contrast s tha t  on e m a y exhibi t  betwee n 
mangle s (a t  leas t  thos e tha t  wer e create d b y thi s generativ e 
process) .  Ther e ar e othe r  qualitativ e type s o f  lega l  categor y 
contrast ,  fo r  whic h spac e doe s no t  permi t  examples .  Al l  th e 
basi c type s ca n b e catalogue d exhaustively ,  s o tha t  theory' s 
categorizatio n o f  hypotheticall y "natural "  perceptua l 
categorie s i s complete . 

Illegal category contrasts: regularization? 

Non-moda l  contrasts .  M a n y o f  th e a  prior i  possibl e 
categor y contrasts ,  bot h between -  an d within-space ,  ar e 
illega l  a s defined .  Eac h o f  these ,  apparently ,  i s  regularize d 
by ou r  perceptua l  apparatu s t o on e o f  th e lega l  types .  Figur e 
4 give s a n example .  Th e spac e o f  righ t  triangle s (L )  i s 
incomplete ,  includin g onl y triangle s wit h th e righ t  le g 
longer ,  bu t  ou r  perceptua l  apparatu s apparentl y eithe r  fail s 
t o notic e thi s o r  consider s i t  insignificant . 

Amodal  contrasts .  S o far ,  i n considerin g possibl e 
classe s o f  objec t  withi n a  space ,  w e hav e completel y ignore d 
most  possibl e subregion s o f  th e configuratio n space ,  i n 
favo r  o f  th e subspace s an d modes .  Nearl y al l  subregion s o f 
th e configuratio n space ,  o f  course ,  ar e no t  composed ,  eve n 
illegally ,  o f  subspace s an d modes .  Arbitrar y contiguou s 
patche s o f  th e space ,  no t  t o eve n mentio n discontiguou s 
part s (suc h a s topologicall y disconnecte d o r  eve n nowher e 
continuou s poin t  sets) ,  migh t  i n th e absenc e o f  an y 
constrain t  constitut e reasonabl e stimulu s categories .  W e 
woul d no t  expec t  ou r  perceptua l  apparatus ,  however ,  t o b e 
abl e t o correctl y characteriz e worl d categorie s o f  arbitrar y 
complexity .  T o reflec t  this ,  i t  shoul d b e th e cas e tha t  mos t 
topologicall y possibl e categorie s ar e no t  moda l  i n an y 
parameterizatio n o f  th e objec t  class .  Moreover ,  th e tota l 
number  o f  moda l  categories ,  considerin g al l  conceivabl e 
generativ e processes ,  shoul d b e finite .  Thi s turn s ou t  t o b e 
th e case ;  al l  bu t  a  finit e famil y o f  categorie s ar e amodal ,  tha t 

is ,  ar e no t  constructe d fro m lega l  moda l  categorie s i n an y 
parameterization . 

I n pilo t  wor k w e hav e looke d a t  a  particularl y simpl e 
cas e o f  suc h amoda l  categories ,  whic h a s suc h i s a 
particularl y goo d candidat e t o falsif y th e theory :  a  pai r  o f 
simpl e linea r  categorie s tha t  cros s a t  a  poin t  (lik e th e tw o 
axe s o f  th e configuratio n space) ,  bu t  whos e crosspoin t  i s 
not  a n origi n i n an y parameterizatio n (unlik e th e axes') . 
Suc h categorie s cros s moda l  boundarie s i n a  manne r 
inconsisten t  wit h an y lega l  categor y interpretation .  Th e 
resul t  i s  a  pai r  o f  categorie s tha t  see m no t  t o hav e a 
perceptuall y reasonabl e distinctio n betwee n them .  W h e n th e 
categorie s ar e mixe d together ,  moreover ,  th e perceive r  tend s 
t o regrou p the m modally .  Th e "real "  categor y i s regularize d 
t o on e whic h i s incorrec t  bu t  i s  a t  leas t  perceptuall y 
reasonable . 

Conclusion: legal categories as world 

c a t e g o r i e s 

Thoug h th e ter m "qualitativel y similar "  ha s som e intuitiv e 
meanin g t o huma n perceivers ,  a  forma l  definitio n i s elusive ; 
formally ,  an y tw o distinc t  item s i n a  se t  shar e th e sam e 
number  o f  propertie s unles s som e theor y constrain s th e 
propertie s (Watanabe ,  1985) .  Forma l  theorie s o f  perceptio n 
(Bennett ,  Hoffman ,  &  Prakash ,  1989 ;  Bobic k &  Richards , 
1986 ;  Feldman ,  1991 ;  Jepso n &  Richards ,  1991 ;  Leyton , 
1984 ,  1986 ,  1988 .  1989 ;  se e als o Fell ,  1976 ;  Witki n & 
Tenenbaum ,  1983 ,  1986 )  attempt ,  i n essence ,  t o distinguis h 
th e perceptua l  predicate s tha t  perceptua l  system s suc h a s 
our s favo r  from  th e muc h wide r  clas s o f  arbitrar y predicates , 
nearl y al l  o f  whic h ar e perceptuall y useless .  Th e m o d e 
lattic e theor y provide s a  forma l  definition ,  whic h th e 
example s sugges t  matche s huma n intuitions . 

We m a y n o w reasonabl y ask ,  wh y doe s thi s definitio n 
wor k fo r  th e huma n perceptua l  system ? I n particular ,  d o 
"legal "  categorie s correspon d reliabl y t o extan t  natura l 
categorie s i n th e physica l  an d biologica l  world ? I t  turn s ou t 
tha t  the y do .  I t  ca n b e show n tha t  a n extremel y simple , 
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forma l  mode l  o f  natura l  categorie s an d processe s reduce s 
exactl y t o th e lega l  categories ,  a s define d above .  Th e model , 
briefly ,  assume s tha t  natura l  categorie s manifes t  heav y 
interna l  structur e withi n themselves ,  an d correspondingl y 
shar p contrast s (tha t  is ,  sharpe r  tha n a  prior i  necessary ) 
betwee n eac h other .  Thi s ide a i s a  particularizatio n o f  th e 
Principl e o f  Natura l  Modes ,  articulate d b y Bobic k (1987 ) 
and Richard s &  Bobic k (1988) .  Spac e require s tha t  a  ful l 
discussion ,  includin g th e requisit e forma l  definitio n o f 
"structure, "  b e lef t  t o a  futur e paper .  Th e thrus t  i s  tha t  th e 

apparen t  psychologica l  preferenc e fo r  moda l  categories ,  a s 
evidence d b y th e variou s type s o f  regularizatio n 
demonstrate d above ,  seem s t o b e roote d i n sensibl e 
inferentia l  logic . 

Perceptua l  interpretations ,  i t  ha s lon g bee n assume d i n 
perceptua l  theories ,  shoul d (1 )  b e a s simpl e a s possibl e 
consisten t  wit h th e imag e data ,  an d (2 )  accuratel y represen t 
th e essentia l  structura l  feature s o f  th e object .  Th e theor y 
outline d i n thi s pape r  shed s ligh t  o n wha t  thes e tw o 
desiderat a hav e t o d o wit h eac h other ,  an d suggest s wh y 
achievin g th e secon d migh t  requir e achievin g th e first .  I f 
th e perceive r  i s  abl e t o identif y a  forma l  mode l  o f  th e 
generatio n o f  th e stimulu s clas s tha t  mor e o r  les s correctl y 
mirror s th e actua l  physica l  proces s b y whic h th e stimulu s 
objec t  wa s created ,  the n th e lowest-dimensio n descriptio n 
possibl e withi n tha t  generatio n scheme ,  rea d directl y of f  th e 
m o de lattice—i n a  ver y particula r  sense ,  th e simples t 
descriptio n possible—wil l  accuratel y represen t  th e 
structurall y importan t  propertie s o f  th e object . 

Acknowledgements 
I  wis h t o than k Do n Hoffman .  Ja n Koenderink ,  Shimo n 

Ullma n an d mos t  especiall y Whitma n Richard s fo r  muc h 
helpfu l  criticis m o f  th e idea s expresse d i n thi s paper . 

References 

Bennett ,  B. .  Hoffman ,  D .  &  Prakash ,  C .  1989 .  Observe r 
mechanics .  London :  Academi c Press . 

Bobick ,  A .  1987 .  Natura l  objec t  categorization .  Technica l 
Repor t  no .  1001 ,  M.I.T .  A.l .  Lab . 

Bobick ,  A .  &  Richards ,  W .  1986 .  Classifyin g object s fro m 
visua l  information .  A.I .  M e mo no .  879 ,  M.I.T .  A.I .  Lab . 

Bongard ,  M .  1970 .  Patter n recognition .  Ne w York :  Sparta n 
Books . 

Buffart ,  H. ,  Leeuwenberg ,  E. ,  &  Restle ,  F .  1981 .  Codin g 
theor y o f  visua l  patter n recognition .  Journa l  o f 
Experimenta l  Psychology :  H u m a n Perceptio n an d 
Performance .  l(2y.2A\-210 . 

Chaitin ,  G .  1966 .  O n th e lengt h o f  program s fo r  computin g 
finite  binar y sequences .  Journa l  o f  th e Associatio n fo r 
Computin g Machinery ,  1 3 (4):547-569 . 

Darrell ,  T .  Sclaroff ,  S .  &  Pentland ,  A .  1990 .  Segmentatio n 
by minima l  description .  Proceeding s o f  th e Thir d 
Internationa l  Conferenc e o n Compute r  Vision ,  Osaka , 
Japan .  Lo s Alamitos ,  C A :  IEE E Compute r  Societ y 
Press . 

Feldman ,  J .  1991 .  Perceptua l  decompositio n a s inference : 
Continuou s curvilinea r  processes .  Occasiona l  Pape r  no . 
42 ,  Cente r  fo r  Cognitiv e Science ,  M.I.T . 

Feldman ,  J .  i n preparation .  Perceptua l  inductio n i n Bongar d 
problems . 

Fell ,  H .  1976 .  Detectabl e propertie s o f  plana r  figures. 
Informatio n an d Control ,  3 1 (2) :  107-128 . 

Hatfield ,  G .  &  Epstein ,  W .  1985 .  Th e statu s o f  th e 
min imu m principl e i n th e theoretica l  analysi s o f  visua l 

perception .  Psychologica l  Bulletin .  97(2) :  155-186 . 
Hochberg ,  J .  &  McAlister ,  E .  1953 .  A  quantitativ e 

approac h t o figural  "goodness. "  Journa l  o f  Experimenta l 
Psychology ,  46:361-364 . 

Jepson .  A .  &  Richards ,  W .  1990 .  Wha t  i s a  percept ? 
Occasiona l  Pape r  no .  43 ,  Cente r  fo r  Cognitiv e Science , 
M.I.T . 

Koffka ,  K .  1935 .  Principle s o f  Gestal t  psychology .  N e w 
York :  Harcourt ,  Brac e an d Co . 

KOhler ,  W .  1947 .  Gestal t  psychology .  N e w York : 
Liverigh t  Publishin g Co . 

Kolmogorov .  A .  1965 .  Thre e approache s t o th e quantitativ e 
definitio n o f  information .  Problem s o f  Informatio n 
Transmissio n 1  (1) :  1  -  7 . 

Leeuwenberg ,  E. .  &  Boselie .  F .  1988 .  Agains t  th e 
likelihoo d principl e i n visua l  for m perception . 
Psychologica l  Review .  95:485-491 . 

Leyton ,  M .  1984 .  Perceptua l  organizatio n a s neste d conu-ol . 
Biologica l  Cybernetics .  51:141-153 . 

Leyton ,  M .  1986 .  A  theor y o f  informatio n structure .  I . 

Genera l  principles .  Journa l  o f  Mathematica l  Psychology . 
30:102-160 . 

Leyton ,  M .  1988 .  A  process-gramma r  fo r  shape .  Artificia l 
Intelligence .  34:213-247 . 

Leyton ,  M .  1989 .  Inferrin g causa l  histor y fro m shape . 
Cognitiv e Science .  13:357-387 . 

Perkins ,  D .  1976 .  H o w goo d a  be t  i s  goo d form ? 
Perception .  5:393^06 . 

Richards ,  W .  1988 .  Natura l  computation .  Cambridge : 
M.I.T .  Press . 

Richards ,  W .  &  Bobick ,  A .  1988 .  Playin g twent y question s 
wit h nature .  I n Z .  Pylyshy n ed .  1988 ,  Computationa l 
processe s i n huma n vision :  a n interdisciplinar y 
perspective .  Norwood ,  NJ :  Ablex . 

Simon ,  H .  1972 .  Complexit y an d th e representatio n o f 
patterne d sequence s o f  symbols .  Psychologica l  Review , 
79(5):369-382 . 

Waianabe ,  S .  1985 .  Patter n recognition :  H u m a n an d 
mechanical .  N e w York :  Joh n Wile y &  Sons . 

Witkin ,  A .  &  Tenenbaum ,  J .  1983 .  O n th e rol e o f  structur e 
i n vision .  I n H .  Rosenfel d ed .  1983 ,  H u m a n an d machin e 
vision .  N e w York :  Academi c Press . 

Witkin ,  A .  &  Tenenbaum ,  J .  1986 .  O n perceptua l 
organization .  I n A.P .  Pentlan d ed .  1986 ,  Fro m pixel s t o 
predicates :  Recen t  advance s i n computationa l  an d roboti c 
vision .  Norwood ,  N.J. :  Ablex . 

304 


	cogsci_1991_299-304



