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Genet i c P r o g r a m m i n g o f  Cognit iv e M o d e l s 

Lee Specto r  (LSPECTOR@HAMPSHIRE.EDU) 
Schoo l  o f  Cognitiv e Scienc e an d Cultura l  Studie s 

Hampshir e Colleg e 
Amherst ,  M A 0100 2 U S A 

Evo lu t ionar y C o m p u t a t i o n a n d Cogn i t i o n 

Evolutionar y computatio n system s ar e no t  themselve s 
model s o f  cognitiv e processes ,  bu t  the y d o provid e powerfu l 
tool s tha t  ca n b e use d i n cognitiv e science .  Th e techniqu e o f 
geneti c programmin g (GP) ,  i n whic h compute r  program s ar e 
produce d b y mean s o f  natura l  selection ,  ca n suppor t  severa l 
ne w strategie s fo r  researc h o n computationa l  cognitiv e 
models .  Thi s abstrac t  describe s th e us e o f  a  G P proces s a s a 
tea m o f  systematicall y biase d programmers ,  alon g wit h fou r 
new researc h strategie s supporte d b y thi s technology . 

The Problem with Programmers 

Computationa l  cognitiv e models—compute r  system s tha t 
perfor m cognitiv e task s i n way s though t  t o b e revealin g 
about  ho w thos e sam e task s ar e performe d b y humans—ar e 
plentifu l  i n cognitiv e science .  Computationa l  cognitiv e 
model s ar e produce d b y programmers—researcher s wh o 
encod e theorie s int o th e actua l  cod e tha t  a  compute r  wil l  run . 
I n programmin g a  cognitiv e mode l  on e mus t  mak e man y 
decision s fo r  whic h ther e wil l  b e severa l  reasonabl e choices . 
Thes e choice s ofte n hav e comple x an d significan t  impact s 
on th e performanc e o f  th e model ,  an d inference s fro m th e 
behavio r  o f  th e mode l  ar e therefor e conditiona l  no t  onl y o n 
th e theor y tha t  inspire d th e model ,  bu t  als o o n th e detail s o f 
th e implemente d compute r  program .  Example s o f 
programmin g choice s tha t  ma y hav e majo r  impact s o n 
performanc e includ e th e dat a structure s use d t o represen t 
proble m instances ,  numerica l  constant s (e.g. ,  networ k biase s 
or  defaul t  activatio n values) ,  an d th e precis e way s i n whic h 
"lesions "  ar e implemented .  Eve n theorie s tha t  ar e phrase d i n 
explici t  computationa l  term s ofte n leav e man y suc h detail s 
underspecified ;  biase s o f  programmer s (intentiona l  o r  not ) 
wil l  i n suc h case s hav e larg e effect s o n th e resultin g models . 

Genetic Programming 

Geneti c programmin g (GP )  i s a n automati c programmin g 
techniqu e base d o n natura l  selectio n (Koza ,  1992) .  G P start s 
wit h a  populatio n o f  program s tha t  ar e rando m combination s 
of  problem-specifi c  elements .  Eac h progra m i s assesse d fo r 
fitness,  an d th e fitness  value s ar e use d t o produc e th e nex t 
generatio n vi a geneti c crossove r  an d mutation .  Afte r  som e 
number  o f  generation s th e bes t  individua l  i s  designate d a s 
th e result .  Koz a als o present s a  techniqu e fo r  determinin g th e 
amount  o f  computationa l  effor t  require d fo r  G P t o produc e 
successfu l  program s fo r  a  particula r  task . 

R e s e a r c h Strategie s 

A genera l  researc h strateg y fo r  usin g G P i n cognitiv e 
scienc e i s t o replac e th e biase d human s wh o progra m 
cognitiv e model s wit h G P processes .  G P processe s ar e als o 
biased ,  bu t  thei r  biase s ar e systematic ,  consisten t  acros s 
experiments ,  an d subjec t  t o explici t  experimenta l  control . 
Four  mor e specifi c  version s o f  thi s strateg y ar e a s follows : 

Show Sufficiency of Theorized Mechanisms 

I f  a  theor y state s tha t  a  particula r  se t  o f  computationa l 
mechanism s i s responsibl e fo r  a  particula r  se t  o f  behaviors , 
the n thes e mechanism s ca n b e provide d t o a  G P process ;  i f  a 
successfu l  progra m i s produce d the n th e sufficienc y o f  th e 
mechanism s fo r  th e behavio r  wil l  hav e bee n established . 

Compare Different Sets of Mechanisms 

The relativ e merit s o f  differen t  set s o f  mechanism s ar e ofte n 
debate d i n cognitiv e science ;  G P ca n b e ru n usin g eac h se t  o f 
mechanism s i n turn ,  an d th e relativ e computationa l  effort s 
can b e use d a s evidenc e i n thes e debate s (Specto r  &  Luke , 
1996) .  Th e evolve d model s ca n als o b e compare d wit h 
respec t  t o parsimony ,  efficiency ,  an d othe r  measures . 

Breed and Dissect 

GP wit h rudimentar y progra m element s (e.g. ,  arithmeti c 
operators )  ca n b e use d t o produc e program s tha t  perfor m 
specifi c  cognitiv e tasks ;  th e resultin g program s ca n the n b e 
analyze d fo r  th e us e o f  theorize d higher-orde r  mechanisms . 

Domain Analysis 

The effor t  require d t o produc e a  successfu l  progra m wit h G P 
can provid e dat a o n th e difficult y o f  th e modele d task ;  i f  i t  i s 
ver y eas y fo r  G P t o find  successfu l  programs ,  the n th e tas k 
may b e to o simpl e t o serv e a s a  goo d tes t  o f  an y model . 
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