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Model in g Communicat iv e Processe s 

Usin g Connectionis t  Cellula r  A u t o m a t a 

M a r k J .A .  C laesse n (M.J.A.Claessen@exeter.ac.uk ) 
Departmen t  o f  Psychology ,  Universit y o f  Exete r 

Exeter ,  E X 4 4 Q G ,  Unite d Kingdo m 

Summary 

I  introduc e a  hybri d computationa l  mode l  t o investigat e 
cognitiv e processe s tha t  involv e interactio n an d c o m m u -
nicatio n withi n a  populatio n o f  individuals .  Thi s model , 
th e Connectionis t  Cellula r  Automato n ( C C A ) ,  organize s 
a populatio n o f  connectionis t  network s int o th e two -
dimensiona l  structur e o f  a  Cellula r  Automato n (CA) . 
Usin g th e phenomeno n o f  'ostensiv e teaching, '  I  sho w 
how thi s mode l  extend s traditiona l  C A an d allow s on e 
t o stud y connectionis t  network s i n a  mor e dynami c en -
vironmen t  tha n a  fixe d se t  o f  input-outpu t  patterns . 

The Connectionist Cellular Automaton 

A C A i s a  dynami c mode l  i n th e for m o f  a  lattic e con -
tainin g a  larg e numbe r  o f  cells .  Th e lattic e provide s a 
topologica l  organization ,  whil e th e cell s represen t  enti -
tie s tha t  ar e i n a  certai n state .  Th e cell s interac t  lo -
cally ,  accordin g t o a  simpl e algorithm ,  whic h lead s t o 
ver y comple x behavio r  a t  th e leve l  o f  th e syste m a s a 
whole .  Eac h generatio n o f  th e automato n consist s o f  al l 
th e cell s changin g thei r  state s o n th e basi s o f  loca l  inter -
action s wit h neighborin g cells .  C A s ar e ideall y suite d t o 
model  communicativ e processes :  the y allo w fo r  message s 
t o slowl y sprea d throug h a  population . 

People' s model s o f  th e worl d ar e shape d b y thei r  (so -
cial )  environment .  Althoug h n o tw o people' s model s ar e 
th e same ,  w e ca n effectivel y communicat e throug h th e 
use o f  language .  Wittgenstein' s (1958 )  Languag e G a m e s 
ar e abou t  ho w word s becom e associate d wit h objects :  a 
teache r  point s ou t  th e object s t o a  pupi l  whil e namin g 
the m (ostensiv e teaching) .  Althoug h thi s pictur e o f  lan -
guag e learnin g i s grossl y oversimplified ,  I  wil l  se e ho w fa r 
one ca n exten d it :  a  grou p o f  individua l  network s ha s t o 
reac h a  consensu s o n th e name s o f  object s i n thei r  envi -
ronment .  Eac h neura l  networ k i n th e C C A i s a  backpro p 
network ;  th e inpu t  laye r  encode s th e objects ,  whil e th e 
outpu t  laye r  represent s th e words .  Th e stat e o f  a  cel l  cor -
respond s t o th e weight s o f  th e connectionis t  networ k tha t 
occupie s it .  A  cel l  changin g it s stat e therefor e mean s a 
chang e i n th e weight s o f  it s network :  i n eac h generatio n 
of  th e simulatio n eac h networ k train s it s neighbor s o n 
th e name s i t  give s t o objects . 

Not  al l  individual s ar e equall y coercive :  th e rule s tha t 

determin e wha t  stat e th e networ k i s goin g tak e o n nex t 
represen t  th e amoun t  o f  influenc e on e networ k ha s o n an -
other .  Thi s ca n b e moderate d b y adjustin g th e learnin g 
rate s (A )  o n th e basi s o f  th e similarit y betwee n network s 
(i.e. ,  th e word s the y giv e t o object s i n thei r  environ -
ment) .  I  us e variou s A  functions ,  representin g differen t 
theoretica l  notion s abou t  whethe r  w e ar e mor e incline d 
t o communicat e wit h lik e o r  differentl y minde d people . 

I f  ther e ar e tw o o r  mor e object s tha t  hav e t o b e named , 
th e network s collectivel y displa y Smurfin g behavior :  al l 
object s becom e associate d wit h th e sam e name .  I t  mean s 
tha t  th e simulation s hav e t o b e limite d t o jus t  on e object . 
Smurfin g i s cause d b y th e fac t  tha t  ther e ar e tw o way s 
t o globall y optimiz e behavior .  First ,  th e network s i n th e 
automato n hav e t o adjus t  thei r  weight s s o a s t o fin d th e 
m i n i m u m o n a n erro r  surface .  Second ,  behavio r  ca n b e 
optimize d b y reshapin g th e erro r  surfac e itself .  W h e n 
bot h force s ar e combined ,  Smurfin g i s th e result . 

Wit h mos t  A  function s th e network s quickl y converg e 
t o a  singl e n a m e fo r  th e object ;  wit h on e functio n th e 
automato n settle s t o a  solutio n wit h multipl e names .  A 
consensu s i s reache d faste r  i f  individual s mainl y c o m m u -
nicat e wit h similar ,  rathe r  tha n dissimila r  neighbors .  I f 
we conside r  tha t  communicatio n i s reciproca l  thi s be -
comes understandable :  th e ne t  balanc e o f  tw o individu -
al s wh o disagre e communicatin g wit h eac h othe r  i s nor -
mall y tha t  the y reac h a  stand-off ,  wherea s tw o individu -
al s tha t  alread y mostl y agre e migh t  mor e easil y reac h a 
consensus .  I f  thes e tw o effect s ar e combine d a  globa l  con -
sensu s i s neve r  reached ,  an d minorit y group s ar e abl e t o 
withstan d th e coerciv e influenc e o f  surroundin g groups : 
individual s i n th e cente r  o f  a  grou p strengthe n grou p co -
hesion ,  whil e communicatio n a t  th e borde r  o f  differen t 
group s suffer s fro m th e stand-of f  effect . 
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