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Modulari t y o f  Information ,  no t  Processin g 

Domini c W .  Massar o 
E)epartinen t  o f  Psycholog y 

Universit y o f  California ,  Sant a Cru z 
Sant a Cruz ,  C A 9506 4 

m a s s a r o @ f u z z y . u c s c . e d u 

Th e framewor k o f  a  Fuzz y Logica l  Mode l  o f 
Perceptio n ( F L M P )  ha s guide d ou r  researc h an d als o help s 
clarif y th e modularit y issue .  Th e result s fro m a  wid e 
variet y o f  experiment s hav e bee n describe d withi n th e 
framewor k o f  th e F L M P .  Withi n thi s framework ,  patter n 
recognitio n i s guide d b y multipl e source s o f  informatio n 
tha t  th e perceive r  evaluate s an d integrate s t o achiev e 
perceptua l  recognition .  Accordin g t o th e F L M P ,  well -
leame d pattern s ar e recognize d i n accordanc e wit h a  genera l 
algorithm ,  regardles s o f  th e modalit y o r  particula r  natur e 
of  th e patterns .  I t  i s  assume d tha t  pattern s ar e processe d 
throug h a  sequenc e o f  processin g stages :  evaluation , 
integration ,  an d decision .  Continuously-value d feature s ar e 
evaluated ,  integrated ,  an d matche d agains t  prototyp e 
description s i n memory ,  an d a n identificatio n decisio n i s 
made o n th e basi s o f  th e relativ e goodnes s o f  matc h o f  th e 
stimulu s informatio n wit h th e relevan t  prototyp e 
descriptions . 

The mode l  allow s a n importan t  distinctio n t o b e mad e 
betwee n informatio n an d informatio n processing . 
Informatio n refer s t o interfac e betwee n th e attribute s an d 
characteristic s o f  th e stimulu s worl d an d th e participant' s 
memory,  servin g a s functiona l  input s t o th e evaluatio n 
operatio n i n th e F L M P .  Informatio n processin g refer s t o 
th e algorith m describin g h o w thi s informatio n i s 
processed .  Informatio n processin g correspond s t o th e 
algorithmi c natur e o f  th e evaluation ,  integration ,  an d 
decisio n operation s rathe r  tha n th e actua l  informatio n tha t 
i s  bein g operate d on .  Informatio n i s clearl y differen t  acros s 
differen t  domain s suc h a s objec t  recognitio n an d speec h 
perception ,  bu t  th e informatio n processin g migh t  follo w 
th e sam e algorith m acros s thes e differen t  domains .  I f  w e 
must  us e th e ter m modularity ,  ther e i s n o questio n o f 
modularit y o f  informatio n acros s differen t  domains .  O n th e 
othe r  hand ,  ther e i s convincin g evidenc e tha t  informatio n 
processin g i s highl y similar ,  i f  no t  identical ,  acros s th e 
differen t  domains . 

Patter n recognitio n i s usuall y studie d i n a n expande d 
factoria l  design .  Thi s desig n ha s bee n use d t o stud y bot h 
speec h perceptio n b y ea r  an d b y ey e an d affec t  perceptio n 
as conveye d b y bot h th e fac e an d th e voice .  A s a n 
example ,  a n animate d talkin g hea d wa s use d t o combin e 
eac h o f  th e fou r  auditor y syllable s wit h eac h o f  th e fou r 
visibl e syllable s i n a  speec h identificatio n tas k (Cohe n & 
Massaro ,  1993) .  I n addition ,  eac h o f  th e syllable s i s 

presente d unimodally .  Mos t  importantly ,  w e ar e abl e t o 
contro l  an d manipulat e th e audibl e an d visibl e speec h 
independentl y o f  on e another .  Thi s i s importan t  becaus e a 
necessar y ingredien t  o f  scientifi c  inquir y i s t o pul l  apar t 
severa l  variable s tha t  ar e normall y confounde d i n th e 
natura l  world .  Th e goa l  o f  thi s typ e o f  stud y i s t o 
determin e h o w th e separat e source s o f  informatio n ar e 
processe d togethe r  t o achiev e perception .  Th e expande d 
factoria l  desig n als o provide s a  stron g tes t  o f  quantitativ e 
model s becaus e eac h candidat e mode l  mus t  describ e th e 
relationshi p betwee n unimoda l  an d bimoda l  performance . 
Mo r e generally ,  th e goa l  i s t o determin e a  theoretica l 
descriptio n tha t  ca n describ e o r  explai n th e perframanc e o n 
th e bimoda l  condition s a s a  functio n o f  performanc e o n tiie 
unimoda l  conditions . 

Our  studie s o f  facia l  affec t  ar e exactl y paralle l  t o ou r 
speec h perceptio n studies .  I n face-to-fac e conununication , 
perceivin g speec h doe s no t  necessaril y  correspon d t o jus t 
Ui e sound ,  bu t  someho w emerge s fro m th e soun d an d sigh t 
of  di e face ,  respectively .  W e as k whetiie r  di e sam e i s tru e 
of  judgment s o f  affect .  I n som e experiments ,  ou r  talkin g 
hea d wa s programme d t o sa y th e wor d "please "  unde r 
h^py ,  angry ,  surprise ,  an d fea r  affects .  Usin g a n expande d 
factoria l  design ,  th e fou r  affect s wer e presente d auditorily , 
visually ,  an d bimodally . 

Fodor' s origina l  clai m o f  modularit y wa s Uia t  th e 
natur e o f  th e informatio n processin g woul d necessaril y 
diffe r  acros s thes e differen t  inpu t  systems .  (Massar o & 
C o w a n,  1993) .  I n contrast ,  th e result s o f  thes e 
experiment s an d a  variet y o f  other s indicat e tha t  speec h 
perceptio n an d affec t  recognitio n follo w th e sam e 
algoriUim .  Th e quantitativ e judgment s ar e well-describe d 
by th e F L M P .  W e tak e thi s resul t  a s suppor t  fo r  th e 
genera l  framewor k o f  th e F L M P an d a s evidenc e agains t 
modularity . 

I n a n analogou s lin e o f  research ,  w e hav e studie d th e 
influenc e o f  bottom-u p an d top-dow n source s o f 
informatio n i n languag e processin g (Massaro ,  1994 ; 
Massar o &  Oden ,  1995) .  O n c e again ,  experiment s 
independentl y manipulatin g thes e tw o source s o f 
informatio n ar e highl y informative .  Th e mode l  test s hav e 
establishe d tha t  perceiver s integrat e top-dow n an d bottom -
up informatio n i n languag e processing .  Thi s resul t  mean s 
tha t  sensor y informatio n an d contex t  ar e integrate d i n th e 
same manne r  a s severa l  source s o f  bottom-u p infwmation . 
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The natur e o f  thi s integratio n proces s i s als o accuratel y 
describe d b y th e F L M P .  Man y investigator s operat e a s i f 
interactiv e activatio n i s th e onl y viabl e alternativ e t o 
modula r  o r  autonomou s models .  However ,  th e F L M P 
allow s integratio n whil e maintainin g independenc e amon g 
th e source s (a t  th e evaluatio n stage) .  Thus ,  th e F L M P an d 
it s correspondin g theoretica l  framewor k offer s a  viabl e 
solutio n tha t  combine s importan t  feature s o f  bot h th e 
modula r  an d interactiv e activatio n frameworks . 
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