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A F r a m e w o r k fo r  M o d e l i n g Represen ta t i ona l  C h a n g e i n Scientifi c 

C o m m u n i t i e s 

Sean C .  Dunca n an d Rya n D .  Twene y 
Departmen t  o l  Psycholog y 

Bowlin g Gree n Stat e Universit y 
Bowlin g Green ,  O H 4340 3 

{ s e a n d , t w e n e y } © b g n e t . b g s u . e d u 

Thoug h representationa l  chang e ha s traditionall y 
bee n a  centra l  issu e fo r  cognitiv e studie s o f  scienc e (e.g. , 
Dunca n &  Tweney ,  1997) ,  littl e researc h ha s focuse d o n 
h o w thes e change s occu r  i n scientifi c  communities .  A 
framework  i s elaborate d whic h m a y lea d t o th e successfu l 
computationa l  modelin g o f  grou p representationa l  chang e i n 
science .  O f  particula r  interes t  i s  h o w group-leve l 
representationa l  dynamic s develo p fro m th e interactio n o f 
individua l  cognitiv e processes . 

Constraint satisfaction 

Th e framewor k i s connectionis t  i n structure ,  wit h 
sub-element s o f  cognitiv e representation s encode d a s nodes , 
and thei r  excitator y o r  inhibitor y relationship s represente d a s 
weight s betwee n node s ( a l a th e schem a model s o f 
Rumelhart ,  e t  al ,  1986) .  Thagar d (1989 )  describe d a  theor y 
of  "explanator y coherence "  whic h assesse d theorie s accordin g 
t o th e degre e tha t  interna l  an d externa l  constraint s wer e 
satisfied .  Usin g E C H O ( a computationa l  mode l  o f  th e 
theory) ,  Thagar d simulate d severa l  scientifi c  controversie s 
(e.g. ,  N o w a k & .  Thagard ,  1992) .  However ,  whil e E C H O i s 
a usefu l  too l  fo r  judgin g th e consistenc y o f  a  se t  o f 
subtheoreti c proposition s wit h itsel f  an d externa l  evidence ,  i t 
i s rarel y use d i n modelin g th e individua l  cognitiv e agent . 

Hutchin s (1995 )  use d simila r  architecture s fo r 
studyin g th e interactio n o f  multipl e cognitiv e agents .  H e 
studie d a  serie s o f  Unke d constrain t  satisfactio n model s an d 
showe d tha t  difference s i n organizationa l  structur e affecte d a 
simpl e measur e o f  confirmatio n bia s i n th e networks .  Th e 
model s wer e relativel y abstract ,  though ,  an d hav e no t  ye t 
bee n expande d int o comple x domains .  Th e presen t 
framework  applie s a n ECHO-lik e structur e t o Hutchins ' 
linke d networks . 

A framework 

Thi s framework  postulate s tha t  th e interactio n o f 
individua l  constrain t  satisfactio n processe s ma y b e behin d 
comple x representationa l  chang e a t  th e leve l  o f  groups . 
Thus ,  theorie s ar e represente d a s pattern s o f  activatio n ove r 
th e se t  o f  node s withi n severa l  linke d networks ,  eac h 
networ k representin g a n individual .  Lik e E C H O, 
componen t  element s o f  th e representatio n o f  a  give n 
phenomeno n ar e encode d a s node s i n eac h network ,  wit h 
weighte d connection s betwee n th e nodes .  A s wit h Hutchins ' 
linke d networks ,  pattern s o f  interconnectednes s betwee n 
network s represent s "wh o talk s t o w h o m "  whil e th e strengt h 

of  th e connection s betwee n network s represent s th e 
persuasivenes s betwee n individuals . 

The network s ar e interprete d suc h tha t  th e pat h eac h 
take s t o a  stabl e goodness-of-fi t  m a x i m u m i s  analogou s t o 
th e proces s o f  representationa l  chang e i n a  rea l  individual . 
Othe r  modification s includ e th e introductio n o f  externa l 
evidenc e a t  differen t  time s durin g processin g an d weigh t 
modificatio n durin g th e networ k runs .  I t  i s  theorize d tha t 
thes e change s wil l  increas e th e fi t  betwee n a  give n se t  o f 
network s an d th e dat a bein g simulated . 

The framewor k wil l  b e applie d t o th e modelin g o f 
an importan t  historica l  case ,  namel y th e "Grea t  Devonia n 
Controversy "  o f  earl y nineteenth-centur y Britis h geolog y 
(Rudwick ,  1985) .  Th e controversy ,  whic h involve d severa l 
doze n professiona l  an d amateu r  geologists ,  centere d abou t 
h o w t o classif y a  rang e o f  roc k strat a foun d i n Devon , 
Englan d an d wa s eventuall y resolve d wit h th e developmen t 
of  a  ne w representatio n o f  th e geologi c strat a (whic h ha s 
become know n a s th e "Devonia n system") .  Rudwick' s 
narrativ e analysi s i s  quit e detaile d with  respec t  t o th e 
representationa l  dynamic s a t  pla y durin g th e controvers y an d 
thu s provide s a  tru e tes t  o f  ou r  framework . 
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