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E x p l o r a t o r y Prob lem-so lv in g i n S c i E N n n c Reason in g 

Tod d W .  Griffith ,  Nanc y J .  Nersessian ,  Asho k K .  Goe l 
{griffith,nancyn,goel@cc.gatech.edu } 

Georgi a Institut e o f  Technolog y 
Joh n Clement ,  Universit y o f  Massachusett s 

Our  researc h focuse s o n explorator y proble m solvin g 
throug h mode l  constructio n an d adaptatio n a s frequently 
exhibite d i n scientifi c  discovery .  W e emplo y th e 
followin g methods : 

•  cognitive-historica l  analysi s o f  historica l  cases , 
•  analyse s o f  proble m solvin g protocol s tha t  exhibi t 

simila r  exper t  reasonin g processes ,  an d 
•  computationa l  modelin g o f  thes e protocol s an d cas e 

studies . 
On ou r  interpretation ,  exploratio n throug h constructin g 
imaginar y model s o f  field  processe s figured  centrall y i n J . 
C.  Maxwell' s  reasonin g i n creatin g th e field  equation s fcr 
electromagnetis m (se e Nersessia n 1992,1995 ;  Nersessia n 
& Green o 1989) .  Thi s constructio n involve d abstractin g 
and applyin g generi c model s (se e als o Griffith ,  Nersessia n 
& Goe l  1996) .  Th e historica l  records ,  however ,  fai l  t o 
provid e adequat e constraints .  T o furthe r  examin e ou r 
hypothese s abou t  Maxwell' s  reasonin g w e hav e focuse d o n 
simila r  reasonin g foun d i n a  verba l  proble m solvin g 
protoco l  abou t  spring s (Clemen t  1989) .  Her e w e focu s o n 
one aspec t  w e posi t  i s  c o m m o n t o bot h cases ;  constructin g 
imaginar y model s throug h "function-follows-form " 
transformations . 

Majo r  requirement s fo r  constructin g computationa l  model s 
of  bot h case s ar e th e abilit y t o accoun t  for :  1 .  th e 
representation ,  organization ,  an d indexin g o f  models ,  2 . 
multi-strateg y reasoning ,  3 .  flexible  an d dynami c contro l 
of  proble m solving ,  an d 4 .  abstractio n an d applicatio n o f 
generi c models .  Computationa l  theorie s o f  evolutionar y 
desig n ("adaptiv e modeling" )  (Goe l  1991 )  an d creativ e 
desig n ("model-base d analogy" )  (Bhatt a &  Goe l  1993 ) 
instantiate d i n th e KRITI K an d I D E A L system s respectivel y 
satisf y thes e requirements .  Adaptiv e modelin g provide s a 
Stmcture-Behavior-Functio n (SBF )  languag e ftir 
addressin g requiremen t  1 ,  an d a  Task-Method-Knowledg e 
( T M K)  languag e (Goe l  et .  al .  1993 )  whic h satisfie s 
requirement s 2  an d 3 .  Finally ,  Model-Base d Analog y 
( M B A)  provide s a  metho d fo r  knowledg e transfe r  whic h 
use s generi c model s satisfyin g 4 . 

One importan t  issu e i n bot h o f  ou r  cas e studie s i s t o find 
th e behavio r  o f  a  particula r  physica l  syste m give n it s  form . 
Thi s i s th e tas k i n th e S 2 case ,  e.g. ,  find  th e amoun t  th e 
sprin g wil l  stretc h give n th e diameter .  Thu s fa r  w e hav e 
develope d a  computationa l  system ,  T o R Q U E,  tha t  model s 
S2' s discover y o f  torqu e i n springs .  A  ke y computationa l 
characteristi c o f  T o r q u e i s it s  applicatio n o f  structura l 
transformation s t o th e structura l  an d topologica l  element s 
of  S B F model s o f  a  k n o w n syste m t o generat e ne w model s 
of  rea l  an d imaginar y systems .  T o r q u e perform s a  typ e 
of  transformatio n whic h w e cal l  "function-follows-form "  i n 

whic h th e constructio n o f  n e w model s i s  base d upo n 
h-ansformation s t o thei r  form ,  bu t  evaluatio n o f  thes e 
model s require s th e derivatio n o f  thei r  behaviors .  T o 
achiev e "function-follows-form "  ti-ansformations  T o R Q UE 
use s knowledg e stiiacture s whic h w e cal l  Generi c Structura l 
Transformation s (GSTs) .  Afte r  retrievin g a n initia l  sourc e 
analo g vi a M B A ,  T o r q u e evaluate s th e mode l  b y 
attemptin g t o reduc e th e difference s betwee n th e targe t  an d 
th e analo g model .  Thi s evaluatio n proces s involve s eithe r 
retiievin g generi c model s o f  physica l  principle s (GPPs ) 
whic h ca n explai n awa y th e differences ,  o r  applyin g G S T s 
t o transfor m th e targe t  o r  sourc e models .  Thes e 
transformation s brin g n e w knowledg e t o th e tas k whic h 
m ay lea d T o R Q UE toward s o r  awa y from  th e initia l  goal . 
T o r q u e discover s th e G P P o f  torqu e whil e attemptin g t o 
reduc e th e difference s betwee n a  circula r  an d a n imaginar y 
squar e coil .  Throug h T o R Q UE w e hav e establishe d tha t 
i n th e S 2 cas e "function-follows-form "  tiansformations 
pla y a  significan t  rol e i n th e explorator y process .  W e 
hypothesiz e tha t  "function-follows-form "  ti-ansformations 
als o pla y a  significan t  rol e i n Maxwell' s  exploratio n o f 
electromagnetism . 
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