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Abstrac t 

Empirical psychological experimentation (very briefly 
reviewe d here )  ha s provide d evidenc e o f  top-dow n con -
ceptua l  constraint s o n lette r  perception .  Th e rol e hy -
pothesi s suggest s tha t  thes e conceptua l  constraint s tak e 
th e for m o f  structura l  subcomponent s (roles )  an d rela -
tion s betwee n subcomponent s (r-roles) .  I n thi s paper , 
we presen t  a  fully-implemente d compute r  mode l  base d 
on th e rol e hypothesi s o f  lette r  recognition .  Th e emer -
gent  mode l  o f  lette r  perceptio n discusse d belo w offer s 
a cogen t  explanatio n o f  huma n letter-perceptio n dat a 
— especiall y wit h regar d t o error-making .  Th e mode l 
goes beyon d simpl e categorizatio n b y parsin g a  letter -
for m int o it s constituen t  parts .  A s i t  runs ,  th e mode l 
dynamicall y build s (an d destroys )  a  context-sensitiv e in -
terna l  representatio n o f  th e lette r  tha t  i t  i s  perceiving . 
The representatio n emerge s a s by-produc t  o f  a  paralle l 
exploratio n o f  possibl e categories .  Th e mode l  i s abl e 
t o successfull y recogniz e (i.e. ,  conceptuall y parse )  man y 
divers e letter s a t  th e extreme s o f  thei r  categories . 

The role hypothesis 

Result s fro m a  serie s o f  previousl y reporte d psychologica l 
experiment s i n h u m a n lette r  recognitio n provid e empir -
ica l  evidenc e fo r  th e existenc e o f  conceptual-leve l  repre -
sentation s o f  letter-part s tha t  w e cal l  role s (McGra w e t 
a!. ,  1994 ;  McGraw ,  1995) .  Th e rol e hypothesi s o f  h u m a n 
lette r  recognitio n jibe s wit h othe r  psychologica l  theo -
rie s o f  perceptio n tha t  posi t  higher-leve l  relationa l  struc -
ture ,  includin g wor k b y Palme r  (1977) ,  Treisma n an d 
Gelad e (1980) ,  Hoc k e t  al .  (1988) ,  Biederma n (1987) , 
and Sanock i  (1986) .  I n th e rol e hypothesis ,  th e concep -
tua l  component s o f  a  lette r  representatio n ar e no t  ex -
plici t  shape s pe r  s e bu t  ar e ideci s abou t  wha t  acceptabl e 
bound s fo r  letter-par t  shape s are ,  ho w fa r  suc h shape s 
can b e stretche d befor e the y los e thei r  interpretation , 
and ho w the y interac t  wit h othe r  role s t o for m a  com -
plet e object . 

Letterforms ,  o r  physica l  instance s o f  letters ,  ar e m a d e 
up o f  part s tha t  correspon d t o th e conceptua l  role s o f 
th e menta l  level .  Littl e wor k o n machine-base d letter -
recognitio n system s ha s considere d intermediate-leve l 
part s (sometime s calle d "high-leve l  features "  i n th e lit -
erature) ,  le t  alon e collection s o r  group s o f  suc h part s 
(Mor i  e t  al. ,  1984 ;  Gailla t  k  Berthod ,  1979) .  On e impor -
tan t  exceptio n t o thi s tren d i s th e wor k don e som e tw o 
decade s ag o b y Barr y Blesser' s researc h group '  (Blesse r 

et  al. ,  1973) .  Th e Blesse r  group' s approac h t o machin e 
lette r  recognitio n was ,  lik e ours ,  strongl y base d o n th e 
psycholog y o f  h u m a n lette r  perceptio n (Nau s &  Shill -
m a n,  1976) .  Th e ide a wa s t o describ e letter s no t  i n 
term s o f  thei r  physica l  attributes ,  bu t  i n term s o f  mor e 
genera l  description s o f  thei r  underlyin g representations . 
Ric h als o briefl y mention s a n ide a fo r  a  part-base d mode l 
of  lette r  recognitio n i n he r  introductor y A l  tex t  (Rich , 
1983) .  Th e mode l  sh e sketche s i s simila r  i n spiri t  t o th e 
implemente d wor k o f  Sanock i  (1986 ;  1991) . 

Letter concepts, roles, and parts 

\ S ) © m 

Figur e 1 :  Thre e commo n conceptualization s o f  th e lette r  'b' , 
featurin g tw o role s apiece . 

Figure I is a graphical representation of three common 
ways on e ca n brea k th e abstrac t  concep t  o f  lette r  'b ' 
int o conceptua l  piece s accordin g t o th e rol e hypothesis . 
Role s (th e wiggl y outlines )  an d r-role s tha t  includ e re -
lationship s betwee n role s (th e blac k dots )  m a k e u p th e 
interna l  structur e o f  a  lette r  categor y an d togethe r  defin e 
a particula r  conceptualizatio n o f  a  letter .  Categor y m e m-
bershi p a t  th e whole-lette r  leve l  i s  partiall y  determine d 
by categor y membershi p a t  th e lowe r  leve l  o f  roles .  ( W e 
say "partially "  becaus e th e interactio n betwee n role s als o 
matters .  Fo r  example ,  a  graphi c shap e migh t  hav e a 
stron g exempla r  o f  pos t  t o th e lef t  o f  a  stron g exempla r 
of  loo p an d ye t  th e wa y the y interac t  migh t  stil l  m a k e 
the m loo k mor e lik e io '  tha n 'b'. ) 

Figur e 2  show s ho w actua l  letterform s (e.g. ,  shape s 
on a  page )  ar e comprise d o f  part s tha t  fill  a  letter -
conceptualization' s roles .  Durin g perception ,  represen -
tation s o f  suc h part s ar e forme d unde r  top-dow n pres -
sur e fro m role s an d ar e sensitiv e t o context .  A s state d 
by Palme r  (1978 )  [p .  96] ,  "component s [o r  parts ]  en -
te r  int o relationship s wit h othe r  components ,  resultin g 
i n large r  structura l  unit s whos e importanc e supersede s 
tha t  o f  [their ]  constituents. "  W e hol d tha t  mos t  o f  th e 

'Blesser' s grou p include d Shillman ,  Cox ,  Naus ,  Kuklinski ,  Ventura ,  an d Eden . 
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"importance "  attribute d t o th e emergin g part s stem s di -
rectl y fro m tliei r  role-fillin g ability .  I n othe r  words ,  th e 
way i n whic h a  par t  fills  a  rol e directl y determine s it s 
"goodness" .  Experimenta l  evidenc e reporte d i n (Mc -
G r a w ,  1995 )  support s thi s clai m b y showin g tha t  hu -
m an subject s prefe r  part s tha t  correspon d t o natura l 
role s ove r  part s tha t  fit  th e Gestal t  criteri a describe d 
by Palme r  (1978) . 

role s letterl'onn s rille d role s role s letierform s nile d mle s 

^  ^  b  b  I 

Vl  < ^ P L 

Figur e 2 :  Parsin g letterform s int o high-leve l  part s oc -
cur s unde r  th e top-dow n influenc e o f  roles .  Th e to p tw o 
example s sho w straightforwar d parsing s (or ,  role-fillings ) 
requirin g littl e plasticity .  T h e botto m tw o ar e mor e com -
plicated ,  wit h role-plasticit y performin g a  critica l  func -
tio n durin g recognition . 

Roles are "plastic" — their plasticity resulting from 
th e fac t  tha t  a  rol e ca n b e filled  b y a  whol e hos t  o f 
differentl y shape d parts .  Role s ar e define d i n term s o f 
norms .  Sometime s norm s associate d wit h role s mus t  b e 
violate d i n orde r  t o accommodat e a  give n letterform' s 
parts .  T h e plasticit y o f  a  rol e i s context-sensitiv e an d 
varie s accordin g t o conceptua l  pressure s brough t  t o bea r 
by th e situation . 

Conceptual-level letter recognition 

H u m an lette r  recognitio n ha s m a n y distinc t  flavors.  Let -
te r  recognitio n use d whil e readin g sentence s i n a  unifor m 
book-face ,  fo r  example ,  i s  fa r  differen t  tha n recognitio n 
of  a  style-ric h lette r  i n a  displa y fac e fo r  advertising . 
T h e sor t  o f  recognitio n tha t  w e striv e t o mode l  i s mor e 
closely-relate d t o display-fac e recognition .  Specifically , 
ou r  researc h concentrate s o n recognizin g on e lette r  a t  a 
tim e wit h n o word-leve l  context .  Particula r  letter s rang e 
al l  th e wa y fro m ver y norma l  t o stylistically-loaded .  T h e 
h u m an result s tha t  w e us e fo r  comparativ e purpose s wer e 
collecte d durin g jus t  thi s sor t  o f  recognitio n tas k — tha t 
is ,  th e recognitio n o f  singl e letter s wit h n o word-leve l 
context .  Ou r  mode l  i s drive n b y th e nee d fo r  a  flexi-
bl e an d powerfu l  letter-recognize r  t o b e include d i n a n 
analogy-base d mode l  o f  typefac e creatio n calle d Lette r 
Spirit . 

O ur  mode l  i s base d o n th e tenet s o f  high-leve l  percep -
tion ,  i n whic h concept s dynamicall y provid e top-dow n 
influenc e o n th e formatio n o f  perceptua l  structure s dur -
in g th e proces s o f  categorization .  T h e resultin g percep -
tua l  structures ,  whic h emerg e fro m th e stochasti c activi -
tie s o f  a  larg e numbe r  o f  tin y processin g agents ,  ar e well -
suite d fo r  furthe r  analogica l  processin g (Mitchell ,  1993) . 
Thes e perceptua l  structure s includ e importan t  informa -
tio n abou t  th e stylisti c  attribute s o f  a  letterfor m (a s op -
pose d t o a  mer e categorization ,  lik e "i s a n 'a'") .  Thi s 
"conceptua l  parsing "  i s critica l  t o th e desig n o f  stylis -

ticall y unifor m alphabet s — th e ultimat e ai m o f  Lette r 
Spirit . 

W hy focu s o n cognitiv e plausibilit y  o f  recognitio n 
model s instea d o f  engineerin g eflRciency ? Becaus e hu -
m an recognitio n o f  letterform s (especiall y highly-stylize d 
ones )  i s stil l  fa r  superio r  t o tha t  o f  machines .  W e believ e 
tha t  a  human-lik e approac h wil l  significantl y enhanc e 
th e capacit y o f  computer s t o correctl y recogniz e a  wid e 
variet y o f  non-standar d letterforms . 

Letter Spirit 

T h e Lette r  Spiri t  projec t  i s  a n attemp t  t o mode l  centra l 
aspect s o f  h u m a n high-leve l  perceptio n an d creativit y 
on a  computer ,  focusin g o n th e creativ e ac t  o f  artisti c 
letter-design.' ^  T h e ai m i s t o mode l  th e proces s o f  ren -
derin g th e 2 6 lowercas e letter s o f  th e roma n alphabe t 
i n m a n y different ,  artisticall y coheren t  styles .  T w o im -
portan t  an d orthogona l  aspect s o f  letterform s ar e basi c 
t o th e project :  th e categorica l  samenes s possesse d b y 
instance s o f  a  singl e lette r  i n variou s style s (e.g. ,  th e let -
te r  'a '  i n Bciskerville ,  Palatino ,  an d Helvetica )  an d th e 
stylisti c  samenes s possesse d b y instance s o f  variou s let -
ter s i n a  singl e styl e {e.g. ,  th e letter s 'a' ,  'b' ,  an d 'c '  i n 
Baskerville) .  Figur e 3  show s th e relationshi p o f  thes e tw o 
ideas .  Initia l  wor k o n th e Lette r  Spiri t  projec t  ha s bee n 
focuse d o n th e "letter "  aspect .  T h e mode l  describe d i n 
thi s pape r  i s abl e t o successfull y recogniz e hundred s o f 
letter s fro m al l  2 6 categories .  W e ai m t o sho w tha t  th e 
model  doe s thi s i n a  simila r  fashio n t o th e wa y peopl e 
do. 

abcdE 

/.. . z i L d z ^ z 

Figur e 3 :  Item s i n an y colum n hav e lette r  i n common .  Item s 
i n an y ro w hav e spiri t  i n common . 

To avoid the need for modeling low-level vision and 
t o focu s attentio n o n th e deepe r  aspect s o f  lette r  recog -
nition ,  w e develope d a n idealize d micro-domain .  Letter -
form s ar e restricte d t o shor t  lin e segment s o n a  fixed  gri d 
of  2 1 point s arrange d i n a  3  x  7  array .  Lega l  lin e seg -
ments ,  connec t  a  poin t  t o an y o f  it s  neares t  neighbors . 
Ther e ar e 5 6 possibl e segments ,  a s show n i n Figur e 4 . 
Thi s restrictio n allow s muc h o f  low-leve l  visio n t o b e 
bypasse d an d force s concentratio n o n higher-leve l  cog -
nitiv e processing ,  particularl y th e abstrac t  an d context -
dependen t  characte r  o f  concepts . 

^  Fo r  informatio n abou t  th e on-goin g Lette r  Spiri t  projec t 
see (Hofstadte r  &  McGraw ,  1993 )  an d (McGra w fc  Hofs -
tadter ,  1993) ,  availabl e o n th e Worl d Wid e W e b throug h U R L 
http :  //www .  cogeci .  Indiana .  edu . 
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ascende r  zon e 

i-heigh l 

bsMlin e 

descende r  zon e 

Figur e 4 :  T h e Lette r  Spiri t  grid ,  wit h lin e segment s instan -
tiatin g on e o f  m a n y possibl e 'a' s turne d on . 

E m e r g e n t  le t te r  p e r c e p t i o n 

The fully-implemented gridletter recognizer in Letter 
Spiri t  i s  calle d th e rol e model .  Al l  perceptua l  an d cre -
ativ e processe s i n th e rol e mode l  ar e emergent ,  i n th e 
sens e tha t  the y resul t  fro m th e action s o f  a  larg e numbe r 
of  independen t  codelet s — computationa l  micro-agent s 
tha t  create ,  examine ,  an d modif y structure s represent -
in g parts ,  roles ,  letters ,  stylisti c  traits ,  an d s o forth . 
Codelet s perfor m thes e activitie s i n (simulated )  paral -
lel .  Newl y create d codelet s wai t  t o b e ru n i n a  struc -
tur e calle d th e Coderack ,  whic h ca n b e though t  o f  a s 
a stochasti c waitin g room .  I n contras t  t o a  standar d 
operating-system s queue ,  wher e processe s wai t  befor e 
bein g deterministicall y give n thei r  slic e o f  C P U time , 
th e Coderac k feature s stochasti c selectio n o f  actions .  T o 
eac h codele t  i s  attache d a n urgenc y valu e — a  numbe r 
tha t  determine s it s probabilit y  o f  bein g chose n next .  Ur -
genc y value s ar e base d o n ho w wel l  a  codelet' s possibl e 
effec t  cohere s wit h structure s alread y built . 

Action s o f  ever y sor t  — gluing ,  labeling ,  scanning , 
matching ,  adjusting ,  regrouping ,  destroying ,  an d s o o n 
— ar e carrie d ou t  b y codelets .  T h e effec t  o f  eac h codele t 
considere d b y itsel f  i s  ver y slight ;  however ,  a s m a n y 
codelet s run ,  thei r  independen t  effect s buil d upo n on e 
anothe r  int o a  coheren t  collectiv e behavior . 

Over  a  lon g perio d o f  time ,  processe s ar e interleave d i n 
a manne r  reminiscen t  o f  time-sharing .  ( A proces s con -
sist s o f  m a n y codelets ,  whic h e x pos t  fact o ca n b e see n 
t o hav e bee n actin g i n concert. )  O n e notabl e differenc e 
betwee n thi s an d conventiona l  time-sharin g i s tha t  th e 
biase d nondeterministi c selectio n o f  codelet s amount s t o 
havin g differen t  processe s ru n a t  differen t  speeds .  T h e 
speed s themselve s ar e regulate d ove r  time ,  b y varyin g 
th e urgencie s o f  th e codelet s involved ,  i n a n effor t  t o fa -
vor  more-promisin g direction s ove r  less-promisin g ones . 
Sinc e codelet s hav e ver y smal l  effects ,  i t  i s  neve r  criti -
cal  tha t  an y particula r  codele t  ge t  selected .  W h a t  doe s 
matte r  i s tha t  certai n broad-stroke d course s o f  actio n a s 
a whol e ru n faste r  tha n others .  Probabilisti c  selectio n 
base d o n urgencie s allow s thi s t o happen . 

M a ny o f  th e idea s behin d thi s mode l  (an d it s Copy -
cat  predecesso r  (Mitchell ,  1993) )  wer e originall y inspire d 
by th e Hearsa y I I  speech-understandin g syste m (Erma n 
et  al. ,  1980) .  Hearsa y I I  introduce d th e ide a o f  simul -
taneou s bottom-u p an d top-dow n influence s interactin g 

i n th e proces s o f  perception .  A  complet e compariso n o f 
th e rol e mode l  an d Hearsa y II ,  includin g a  discussio n 
of  m a n y importan t  distinction s an d difference s ca n b e 
foun d i n (McGraw ,  1995) . 

Processing in the role model 

Th e rol e mode l  operates  roughl y a s follows ,  althoug h 
thi s outlin e m a y giv e th e impressio n tha t  processin g i s 
mor e seria l  an d well-ordere d tha n i t  reall y  is .  I n reality , 
processin g occur s i n a  mor e paralle l  manner ,  wit h variou s 
aspect s describe d belo w ofte n proceedin g concurrently . 
See ( M c G r a w ,  1995 )  fo r  a  thoroug h accoun t  o f  th e rol e 
model . 

•  Lin e segment s ar e probabilisticall y bonde d togethe r  (b y lo -
cal  perceptua l  codelets )  wit h differen t  amount s o f  "glue" . 
(Fo r  example ,  mor e glu e tend s t o b e deposite d a t  straigh t 
junction s tha n a t  angles. )  Th e gluin g codelet s agent s exe -
cut e i n a  completel y bottom-u p fashion . 

•  W h e n enoug h glu e ha s bee n deposited ,  th e glue d shap e 
i s metaphoricall y "shaken" .  Thi s amount s t o probabilisti -
call y breakin g th e glue d shap e int o chunk s o f  segment s a t 
weak joints ,  resultin g i n a  se t  o f  part s (usuall y mad e u p o f 
betwee n tw o an d fou r  lin e segments) . 

•  Eac h par t  i s  scanne d b y multipl e codelet s tha t  probabilisti -
call y attac h syntacti c label s t o th e part .  Label s reflec t  ver y 
simpl e propertie s o f  part s lik e curviness ,  length ,  width ,  lo -
cation ,  an d s o on ,  an d i n n o wa y involv e th e se t  o f  cat -
egorie s (eithe r  a t  th e leve l  o f  role s o r  wholes )  int o whic h 
thes e stimul i  wil l  eventuall y b e channeled .  Eac h syntacti c 
labe l  hai s a  rea l  numbe r  associate d wit h it ,  standin g fo r  th e 
strengt h wit h whic h th e labe l  applie s t o it s part . 

•  W h e n a  par t  ha s accumulate d enoug h syntacti c label s 
(onc e again ,  a  probabiUsticall y determine d event) ,  i t  i s al -
lowe d t o sen d activatio n t o on e o r  mor e roles . 

•  T h e presenc e o f  a  particula r  labe l  o n a  give n par t  serve s a s 
a cu e tha t  tend s t o lightl y activat e on e o r  mor e role s wit h 
whic h th e labe l  i s  associate d (i.e. ,  role s o f  whic h th e give n 
labe l  i s  a t  leas t  somewha t  diagnostic) .  Fo r  instance ,  th e 
label s "left-side" ,  "straight" ,  "skinny" ,  an d "tall "  woul d 
ten d t o activat e th e "left-post "  rol e foun d i n 'b' ,  'h' ,  'k' , 
an d sometime s '1' .  I t  i s  importan t  t o understan d tha t  eve n 
a labe l  suc h Ji s "straight "  i s  probabilistic ,  i n th e sens e tha t 
a not-totally-straigh t  par t  migh t  ̂e t  tha t  label ,  wit h proba -
bilit y  diminishin g wit h it s non-straightness .  T h e rea l  n u m -
ber  associate d wit h eac h labe l  reflect s thi s "goodnes s o f 
fit" . 

•  A  par t  tha t  doe s no t  strongl y activat e an y role s wil l  b e 
slate d fo r  destruction ,  wit h it s  constituen t  lin e segment s 
subjecte d t o th e part-formin g proces s al l  ove r  again . 

•  Th e variou s ligh t  activation s comin g fro m a  give n part' s  la -
bel s s u m u p t o a  tota/activation-leve l  fo r  eac h rol e tha t  th e 
par t  matche s sufficiently .  I f  activate d highl y enough ,  role s 
associat e themselve s wit h labele d parts ,  wit h th e best -
matchin g role s gettin g th e mos t  activatio n fro m a  part . 
Eac h particula r  rol e m a y b e filled  b y on e par t  a t  an y give n 
time ,  althoug h inter-par t  competitio n fo r  th e role' s atten -
tio n i s ongoin g an d sometime s fierce. 

•  A s role s an d part s attemp t  t o "mate" ,  a  give n par t  m a y 
nee d t o b e slightl y altere d i n orde r  t o b e a  goo d mat e fo r 
a give n role .  A  quantu m o r  tw o m a y nee d t o b e stole n 
fro m on e o r  mor e neighborin g part s t o m a k e th e par t  i n 
questio n mor e attractiv e t o a  possibl e match .  Likewise , 
smal l  piece s tha t  see m t o m a k e a  par t  ugl y i n th e eye s o f 
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possibl e role-mate s ma y nee d t o b e give n awa y o r  sin\pl y 
detached .  Th e resultin g structure s compose d o f  group s o f 
th e initia l  lin e segment s ar e no w result s o f  th e combine d 
influenc e o f  bottom-u p an d top-dow n processing .  A s such , 
thes e part s ar e n o longe r  totall y syntacti c entities ,  an d w e 
cal l  the m (semantically )  adjuste d parts . 

•  Role s compet e fo r  part s throughou t  th e letter ,  adjust -
in g th e part s a s the y go .  W h e n thi s adjustment-and -
associatio n phas e i s over ,  ther e i s a  fairl y stron g match-u p 
betwee n role s an d semantically-adjuste d parts . 

•  Eac h instantiate d rol e ha s a  fe w tag s attached ,  statin g bo w 
wel l  th e give n par t  instantiate s th e role .  Thi s informatio n 
focuse s o n ho w th e par t  deviate s fro m variou s norm s asso -
ciate d wit h th e role . 

•  Eac h realize d rol e begin s t o aler t  on e o r  mor e whole s (i.e. , 
ful l  role-sets ,  suc h a s thos e show n i n Figur e 1 )  fo r  whic h 
i t  provide s evidence ,  i n th e sens e o f  fitting  a  particula r 
conceptualizatio n o f  tha t  letter .  Role/whol e couplin g i s 
analogou s t o part/rol e coupling ,  onl y i t  occur s a t  a  highe r 
(mor e semantic )  level .  Particula r  letter-conceptualization s 
ar e activate d accordin g t o ho w strongl y thei r  componen t 
role s ar e realize d i n th e actua l  gri d letter . 

•  Th e activatio n leve l  o f  eac h hypothesize d whol e i s adjuste d 
accordin g t o whethe r  th e whole' s r-role s (i.e. ,  inter-rol e re -
lations )  approv e o f  th e structur e discovere d s o far .  Whe n r -
role s fo r  a  particula r  whol e ar e checked ,  activatio n i s take n 
away fro m an y whol e whos e role s ar e no t  appropriatel y re -
late d o r  filled.  Thi s i s a  critica l  inhibitor y aspec t  o f  th e 
categorizatio n process . 

•  Differen t  whole s thu s becom e activate d t o differen t  extents . 
Each sufficiently-activate d whol e attempt s t o matc h itsel f 
up wit h th e shap e o n th e grid . 

•  I f  ther e i s a  clea r  leadin g contende r  amon g th e wholes , 
i t  i s  deeme d th e winner .  I f  ther e i s a  clos e rac e betwee n 
several ,  th e letterfor m i s deeme d ambiguou s an d therefor e 
unacceptable .  I n a  borderlin e ccis e betwee n clear-winne r 
and close-race ,  a  probabilisti c decbio n i s mad e tha t  choose s 
betwee n th e tw o course s o f  action . 

•  I n th e end ,  th e winnin g whol e ha s bee n parse d int o con -
stituent ,  non-overlappin g parts .  Thes e part s fill  specifi c 
role s i n th e whol e t o a  greate r  o r  lesse r  extent .  Th e tag s 
attache d t o role s accordin g t o ho w wel l  the y ar e filled  b y 
thei r  associate d part s ar e als o availabl e whe n processin g 
ends .  Fo r  example ,  a  't '  whos e spin e i s to o tal l  o r  i s ben t 
ove r  a t  th e top ,  o r  whos e crossba r  i s to o short ,  to o high , 
or  tilted ,  wi U hav e tag s statin g suc h thing s attache d t o it s 
filled  conceptualization .  Thi s informatio n ca n b e use d i n 
furthe r  processing ,  includin g checkin g th e styl e o f  a  letter -
for m an d designin g relate d letterform s b y analogy . 

T h e entir e labelin g an d role-associatio n proces s hap -
pen s i n paralle l  fo r  eac h o f  th e initia l  part s create d 
afte r  shaking .  I n general ,  processin g proceed s fro m 
low-leve l  syntacti c processin g t o high-leve l  semanti c (o r 
conceptual-level )  processing ,  bu t  i s no t  completel y lin -
ear  i n nature .  Conflictin g perceptua l  structure s compet e 
agains t  eac h othe r  i n th e contex t  o f  curren t  perceptua l 
trends .  W e a k structure s ten d t o b e destroye d an d stron g 
one s t o b e strengthened .  A  perceptua l  parsin g i n term s 
of  role-fillin g part s emerge s a s a  resul t  o f  thi s perceptua l 
"competition" . 

Emergence ,  subsymbols ,  an d symbol s 

I t  i s difficul t  t o pigeonhol e th e rol e mode l  a s belongin g t o 
any particula r  well-know n cognitive-scienc e school ,  a s i t 
i s  neithe r  full y  symboli c no r  full y  connectionist .  Instead , 
i t  take s som e o f  th e centra l  feature s o f  bot h paradigm s 
an d mixe s the m together ,  an d thu s coul d b e sai d t o fal l 
somewher e betwee n symboli c A I  an d connectionism . 

I n c o m m o n wit h connectionism ,  th e rol e mode l  ha s 
m a ny importan t  subsymboli c characteristic s o f  th e sor t 
tha t  Smolensk y advocate s (Smolensky ,  1988) .  I n th e 
subsymboli c paradigm ,  cognitiv e representation s ar e 
buil t  o f  subsymbol s tha t  i n tur n giv e ris e t o symbol-lik e 
structures .  I n system s o f  th e subsymboli c vein ,  symbol s 
ar e statisUcall y emergen t  entitie s tha t  ar e represente d b y 
pattern s o f  activatio n ove r  larg e number s o f  subsymbols . 
Th e rol e model s fine-grained  parallelism ,  loca l  actions , 
competitio n fo r  limite d computationa l  resources ,  spread -
in g activation ,  an d emergen t  concept s ar e al l  faithfu l  t o 
th e subsymboli c enterprise .  Als o closel y relate d i s th e in -
teractio n o f  top-dow n an d bottom-u p processin g i n th e 
model . 

Th e rol e model' s representation s als o hav e somethin g 
i n c o m m o n wit h mor e traditiona l  symboli c methods . 
Th e emergen t  representation s tha t  th e syste m develop s 
ar e abl e t o b e quickl y an d easil y reference d an d explicitl y 
manipulate d sinc e the y ar e cu t  fro m symboli c clot h (i.e. , 
the y ar e m a d e u p o f  Schem e structures ,  albei t  wit h at -
tache d an d dynamicall y varyin g activatio n values) .  Fur -
thermore ,  thes e symboli c structure s ar e buil t  u p i n a 
workspac e simila r  i n som e respect s t o a  short-ter m m e m-
or y — somethin g no t  ofte n foun d i n connectionis t  mod -
els .  Th e notio n o f  referenc e i s a  critica l  on e i n model s o f 
higher-leve l  cognitiv e activitie s suc h a s analogy-makin g 
(Indurkhya ,  1992) .  B y thei r  ver y nature ,  symbol s — 
eve n o f  th e active ,  emergen t  variet y tha t  w e mode l  — 
provid e a  natura l  avenu e fo r  suc h reference . 

Performance of the role model 

An intuitiv e wa y t o illustrat e th e flexibility  inheren t  i n 
an d emergen t  fro m th e rol e model' s architectur e i s t o 
conside r  a  serie s o f  run s o n group s o f  letters .  Doin g thi s 
give s som e ide a o f  th e sort s o f  letterform s th e mode l 
i s capabl e o f  recognizin g an d th e sort s o f  letterform s i t 
fail s  on .  Figur e 5 ,  below ,  show s th e exten t  t o whic h th e 
rol e mode l  ca n handl e case s wher e stylisti c  aspect s o f  a 
letterfor m begi n t o overcom e it s category . 

Th e particula r  grou p o f  letter s w e discus s her e i s take n 
fro m pag e 42 4 o f  (Hofstadte r  k  FARG,  1995) .  Th e 
datase t  consist s o f  8 8 lowercas e gridfon t  'a's .  W e ra n 
th e rol e mode l  a t  leas t  te n time s o n eac h o f  th e 'a s i n 
th e origina l  illustration ,  i n orde r  t o discove r  whic h one s 
ar e easil y recognize d b y th e mode l  an d whic h ar e not . 

I n Figur e 5  w e hav e arrange d th e 'a' s o f  th e origina l 
char t  int o a  bull's-ey e pattern ,  whos e cente r  i s m a d e u p 
of  'a' s tha t  wer e correctl y recognize d 1 0 time s ou t  o f  10 . 
Concentri c ring s surroundin g th e bull's-ey e th e remain -
in g a' s int o "recognitio n bins" ,  th e first  consistin g o f  'a' s 
recognize d fro m 5  t o 9  time s ove r  1 0 runs ,  th e secon d be -
in g thos e recognize d fro m 2  t o 4  times .  Finally ,  outsid e 
of  th e outermos t  close d curv e ar e thos e 'a' s tha t  th e rol e 
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Figur e 5 :  Ho w th e rol e mode l  fare s o n 8 8 'a's . 

model  neve r  categorize d correctly .  Th e mor e poorl y a 
lette r  i s  categorize d b y th e rol e model ,  th e farthe r  fro m 
th e cente r  o f  th e pictur e i t  i s placed .  I t  i s ver y interestin g 
t o not e wha t  th e rol e mode l  ca n d o i n term s o f  flexibl y 
stretchin g it s roles ,  an d wha t  th e rol e mode l  can' t  do . 
A detaile d analysi s o f  th e model' s behavio r  o n thi s an d 
othe r  dataset s m a y b e foun d i n (McGraw ,  1995) . 

Overview s suc h a s thi s provid e a  genera l  fee l  fo r  cat -
egorizatio n i n th e rol e model .  A s ca n b e see n fro m th e 
letterform s i n th e center ,  th e rol e mode l  exhibit s a  re -
markabl e flexibility  i n it s categorization ,  makin g it s no -
tio n o f  'a'-nes s ver y rich .  Generall y speaking ,  letterform s 
tha t  ar e neve r  properl y recognize d (thos e show n a t  th e 
outskirt s o f  th e picture )  ar e indee d letterform s a t  th e 
"fringe s o f  th e categor y a" ,  althoug h ther e ar e a  fe w ex -
ception s that ,  b y disappointin g us ,  kee p lif e lively . 

Comparison with human data 

A mor e objectiv e measur e o f  th e rol e model' s perfor -
mance ma y b e ha d b y comparin g it s recognitio n dat a 
wit h huma n gridfon t  recognitio n dat a ove r  th e sam e 
dataset .  Th e serie s o f  psycholog y experiment s fro m 
whic h ou r  comparativ e dat a i s draw n ca n onl y briefl y 
be describe d here .  However ,  the y ar e full y  explaine d i n 
(McGra w e t  al. ,  1994 )  an d (McGraw ,  1995) .  Th e ide a 
i s ver y basic :  3 5 subject s wer e presente d wit h a  serie s 
of  grid-boun d letterform s on e a t  a  tim e o n a  macintos h 
monito r  an d aske d t o identif y th e letter s a s quickl y an d 
accuratel y a s possible .  Th e letterform s wer e presente d 
as darkene d lin e segment s o n a  lighte r  gri d suc h tha t 
th e gri d provide d som e degre e o f  noise .  Th e compute r 
tracke d bot h reactio n tim e an d accurac y data .  Error -
making ,  whic h ofte n provide s insigh t  int o th e behavio r 
of  comple x cognitiv e systems ,  wa s carefull y tracked .  Pre -
diction s base d o n th e rol e hypothesi s wer e confirme d dur -
in g analysi s reporte d i n (McGra w e t  al. ,  1994) .  I n ad -
ditio n t o thi s simpl e experiment ,  anothe r  stud y (allude d 
t o o n th e first  page )  showe d tha t  give n letterform s a s 
stimuli ,  peopl e prefe r  part s tha t  correspon d t o role s ove r 

part s tha t  ar e supposedl y "better "  accordin g t o Palmer s 
rules .  Th e stud y als o include d a s a  contro l  non-lette r 
stimul i  mad e o f  flipped  an d inverte d letterform s i n whic h 
th e "role-based "  part s wer e no t  prefere d ove r  th e Palme r 
parts . 

Th e entir e datase t  reporte d here ,  calle d PSYCH,  i s 
made u p o f  54 4 token s comin g fro m al l  2 6 lette r  cate -
gories .  Th e ful l  datase t  ca n b e spli t  int o tw o subsets : 
NORMALS (38 8 relativel y stron g letters )  an d FONTS (15 6 
letter s rangin g fro m somewha t  stylize d t o completel y ec -
centric) .  Divisio n o f  th e datase t  wa s initiall y  complete d 
by a  huma n letterfor m expert .  Thi s divisio n wa s con -
firme d empiricall y throug h pos t  fact o analysis . 

Tabl e 1  show s accurac y value s o f  human s an d th e rol e 
model  o n th e psyc h dataset .  Th e value s wer e compute d 
by averagin g th e correct-respons e percentage s o f  eac h 
lette r  category . 

Datase t 

PSYCH 
NORMALS 
FONTS 

H u m a ns 

80. 1 
85. 0 
65. 4 

Rol e mode l 

76. 6 
93. 8 
51. 4 

Tabl e I :  Accurac y percentages . 

Large 544x26-entry confusion matrices can be built 
fo r  bot h th e h u m a n dat a an d th e rol e model .  Thes e 
matrice s diffe r  considerabl y fro m other s lik e the m i n th e 
psycholog y literatur e sinc e the y includ e dat a abou t  a 
larg e variet y o f  lowercas e alphabeti c style s instea d o f  jus t 
one .  Eve n thoug h th e datcise t  i s  m a d e u p o f  arguabl y 
idiosyncrati c gridletters ,  ou r  stimul i  ar e mor e realisti c 
tha n man y pas t  datasets ,  i n th e sens e tha t  the y captur e 
mor e o f  th e natura l  variabilit y  foun d amon g letterforms . 
Thi s lead s t o a  mor e thoroug h treatmen t  o f  error s tha n 
has bee n eviden t  i n pas t  work . 

Datase t 

PSYCH 
NORMALS 
FONTS 

r-valu e 

.887 2 

.951 1 

.727 4 

point s 

1076 4 
670 8 
405 6 

Tabl e 2 :  Token-leve l  correlatio n o f  rol e mode l  an d huma n 
erro r  matrices .  (Al l  correlation s ar e significan t  p  >  0.0001. ) 

Table 2 shows the correlation values of the token-level 
confusio n matri x o f  th e rol e mode l  agains t  th e h u m a n 
confusio n matri x ove r  ou r  larg e an d varie d dataset. ^ 
Sinc e error-makin g tend s t o highligh t  th e typ e o f  pro -
cessin g tha t  a  cognitiv e syste m i s doing ,  i t  i s  importan t 
t o tak e error s int o accoun t  durin g correlation .  Favor -
abl e comparison s o f  thes e correlatio n value s wit h thos e 
of  simpl e connectionis t  model s an d a  brute-forc e sym -
boli c mode l  ca n b e foun d i n (McGraw ,  1995) .  Unfor -
tunately ,  spac e constraint s d o no t  allo w u s t o introduc e 
thos e result s o r  comparison s here .  In-dept h analysi s o f 

•'Category-leve l  correlation s ar e routinel y highe r  {e.g. ,  th e 
category-leve l  correlatio n ove r  PSYCH i s 0.9821) ,  bu t  offe r  les s 
resolutio n fo r  inter-mode l  compariso n o f  th e sor t  i n (McGraw , 
1995) . 
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particula r  trend s i n error-makin g ar e als o analyze d i n 
(McCJraw ,  1995 )  an d corroborat e th e genera l  claim s re -
gardin g th e role-model' s strength . 

Conclusions 

Our  fully-implemente d rol e mode l  provide s on e possibl e 
implementatio n o f  th e rol e hypothesi s I t  ha s prove n 
t o b e a  ver y stron g mode l  o f  lette r  recognition ,  a s i t 
clearl y explain s muc h o f  h u m a n letter-recognitio n be -
havio r  (especiall y wit h regar d t o error-making) .  A m o n g 
th e critica l  portion s o f  th e recognitio n proces s i n th e 
rol e mode l  ar e these :  buildin g preliminar y part s i n a 
bottom-u p fashio n fro m low-leve l  data ,  adjustin g part s 
unde r  top-dow n influenc e fro m roles ,  notin g aspect s o f 
styl e — nor m violation s — tha t  resul t  fro m fillin g role s 
wit h particula r  parts ,  evaluatin g prospectiv e fille d role -
set s a s matche s o f  differen t  lette r  categories ,  trackin g 
th e strength s o f  activatio n o f  competin g categories ,  an d 
searchin g fo r  ne w perceptua l  parsing s i f  initia l  attempt s 
at  recognitio n resul t  i n onl y wea k categorization . 

Unlik e man y recognitio n programs ,  th e rol e mode l 
doe s no t  simpl y perfor m ver y wel l  o n on e style ,  onl y 
t o cras h an d bur n o n others .  I t  wa s designe d specifi -
call y t o handl e a  hug e variet y o f  styles .  Test s usin g larg e 
dataset s sho w tha t  w e hav e capture d a t  leeis t  som e o f  th e 
perceptua l  fluidity  exhibite d b y people .  Th e rol e mode l 
i s abl e t o recogniz e bot h standar d an d stylisticall y ec -
centri c letterforms . 

A distinc t  advantag e tha t  th e rol e mode l  hold s ove r 
simple r  model s lie s i n th e natur e o f  it s  output .  Th e 
rol e mode l  return s no t  onl y th e usua l  categor y label ,  bu t 
als o a  parsin g o f  a  letterfor m i n term s o f  it s  constituen t 
parts .  Part-leve l  parsing s correspon d t o role-leve l  con -
ceptualization s o f  letters .  Furthe r  processin g — fo r  in -
stance ,  th e extractio n o f  styl e information ,  o r  th e analog -
ica l  desig n o f  othe r  letterform s — i s possibl e onl y wit h 
th e kin d o f  structura l  informatio n tha t  th e rol e mode l 
provides .  Th e abilit y  t o pars e a  letterfor m int o natura l 
part s correspondin g t o role s i s o f  critica l  importanc e t o 
Lette r  Spirit' s  capabilit y  t o desig n stylistically-consisten t 
alphabets . 
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