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In t roduc t i o n 

Attempt s t o trac e th e pat h o f  scientifi c  discover y hav e 
traditionall y followe d th e lea d o f  Simo n (1969) ,  wh o 
propose d tha t  al l  reasonin g coul d b e elaborate d b y mean s o f 
states ,  operator s an d proble m spaces .  Ou r  examinatio n o f 
physicis t  Michae l  Faraday' s 183 1 experimenta l  notebook s 
has show n tha t  a  Simonia n analysi s i s no t  idea l  fo r  som e 
historica l  studie s o f  scientifi c  discovery .  W e hav e develope d 
th e Problem-Behavio r  M a p ( P B M )  i n orde r  t o stud y path s o f 
experimentatio n an d reasonin g i n historica l  data . 

Faraday and the path of science 

Much o f  Faraday' s scienc e lend s itsel f  toward s cognitive -
historica l  investigation ,  especiall y th e formatio n o f  hi s 
electromagneti c fiel d theor y (Nersessian ,  1985) .  I n 
particular ,  hi s detaile d experimenta l  notebook s hav e bee n 
utilize d a s a  testbe d b y severa l  researcher s i n th e cognitiv e 
scienc e o f  scienc e (i.e. ,  Tweney ,  1996 ;  Gooding ,  1992) . 

We hav e attempte d t o formulat e a n understandin g o f 
Faraday' s Octobe r  2 8 an d Novembe r  4 ,  183 1 researche s i n 
magnetism ,  electricit y an d motion.  Thi s perio d wa s jus t 
subsequen t  t o Faraday' s discover y o f  electromagneti c 
inductio n an d instrumenta l  t o hi s complete d field  theory ,  fo r 
whic h hi s "sphere "  diagra m wa s essential . 

To understan d ho w scientifi c  discover y proceede d fo r 
Faraday ,  on e mus t  acknowledg e hi s researche s a s bein g a 
serie s o f  investigation s ove r  time .  Attempt s t o describ e th e 
pat h o f  a  scientist' s  reasonin g hav e bee n pu t  fort h b y 
numerou s researcher s (includin g Twene y an d Hoffner ,  1987 ; 
Gorman,  1994 ;  Kur z &  Twene y (i n press)) . 

Tweney an d Hoffne r  (1987 )  adapte d problem-behavio r 
graph s t o trac e a  portio n o f  Faraday' s researches .  Simila r 
attempt s fo r  th e curren t  projec t  failed ,  a s Farada y move d 
quickl y fro m on e proble m spac e t o another ,  necessitatin g a n 
analysi s tha t  incorporate d multipl e proble m spaces . 
Gorman' s (1994 )  graphica l  ma p addresse d th e evolutio n o f 
th e desig n o f  Alexande r  Graha m Bell' s  telephone ,  bu t 
include d dat a far-remove d fro m th e leve l  o f  noteboo k entrie s 
(i.e. ,  paten t  sketches) .  A s neithe r  o f  thes e method s wer e 
completel y satisfactor y fo r  understandin g th e experiment s a t 
hand,  w e develope d th e Problem-Behavio r  Map . 

Problem-Behavior Maps 

The P B M operate s o n thre e levels :  (1 )  a  leve l  withi n 
experimenta l  episode s structure d simila r  t o a  problem -

behavio r  graph ;  (2 )  a  maplik e structur e a t  a  meta-episodi c 
level ;  an d (3 )  placemen t  o f  th e P B M i n a  historica l  context . 

Withi n eac h episod e o f  th e problem-behavio r  map ,  w e 
characterize d th e experimentatio n i n term s o f  goal s an d state s 
i n proble m spaces .  Fo r  example ,  a  grap h o f  Faraday' s 
experiment s §10 2 throug h §11 4 showe d tha t  Farada y 
systematicall y varie d apparatu s arrangement s withi n hi s 
workin g proble m spac e (manipulatin g positio n o f  magnet , 
rotatio n directio n o f  plate ,  an d positio n o f  galvanomete r 
leads) .  Yet ,  h e change d proble m space s an d variable s withi n 
th e day' s researches ,  requirin g u s t o divid e th e experimenta l 
recor d int o episodes . 

Thus ,  th e P B M necessitate s a n accoun t  o f  potentia l 
"moves "  fro m on e episod e t o another .  T o mak e th e 
transition s betwee n proble m space s understandable ,  a 
maplik e structur e (Gooding ,  1992 ;  Gorman ,  1994 )  i s 
proposed .  Th e resultan t  accoun t  o f  thes e transition s i s 
necessaril y  informe d b y th e historica l  contex t  (i.e. ,  th e rol e 
of  thes e experiment s i n Faraday' s complet e field  theory) . 

By usin g multipl e level s o f  analysi s i n th e P B M , 
difficultie s encountere d b y a  stric t  Simonia n approac h t o 
scientifi c  reasonin g ar e averted .  W e conclud e tha t  cognitive -
historica l  explanation s ma y benefi t  fro m P B M analyses . 
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