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T o w a r d a  Genera l  T h e o r y o f  Scientifi c  Discover y 

Ryan D .  Tweney ,  Sea n C .  Duncan ,  Mari a F . 
Ippolit o 

Departmen t  o f  Psychology ;  Bowlin g Gree n Stat e Universit y 
Bowlin g Green .  O H 43403 .  US A 

tweney@opie.bgsu.edu .  seand@bgnet.bgsu.edu . 
mippoli@trapper.bgsu.ed u 

In the present paper, we modify and extend an earlier 
accoun t  (Tweney .  1989) .  Specifically ,  five  level s o f  a 
framewor k fo r  th e interpretatio n o f  scientifi c  protocol s (e.g. , 
laborator y diaries )  ar e redefine d t o enhanc e thei r  utilit y  fo r 
historica l  cognitiv e reconstructio n o f  scientifi c  episodes . 
Such episode s posses s "dynamics "  whic h emerg e wit h 
varyin g degree s o f  clarit y dependin g upo n th e leve l  o f 
analysis .  Fro m th e lowes t  fi«quency  dynamic s t o th e 
highest ,  thes e ar e a s follows : 

Level 1: Purposes 
Leve l  2 :  Heuristic s 
Leve l  3 :  Script s &  Schemat a 
Leve l  4 :  Goal s « & Subgoal s 
Leve l  5 :  State s &  Operator s 

The levels constitute a partially decomposable hierarchy 
i n whic h purpose s ar e implemente d b y a  selectio n o f 
problem-solvin g heuristics ,  whic h i n tur n ar e implemente d 
usin g script s an d schemas .  Eac h scrip t  o r  schem a i s the n 
instantiate d vi a a  serie s o f  goal-drive n activitie s whic h ca n 
be represented  a s th e transformatio n o f  menta l  state s b y 
operator s tha t  transfor m on e stat e int o another .  Thus ,  a 
particula r  scrip t  (fo r  example ,  "Win d a  coil" )  ca n b e 
decompose d int o specifi c  subgoal s ("Obtai n wire. "  "Win d 
wir e o n core. "  etc.) .  whic h i n tur n ca n b e decompose d int o 
specifi c  State s an d Operators .  Whil e ou r  us e o f  terminolog y 
i n th e level s sometime s differ s fro m existin g cognitiv e 
theory ,  i t  ca n b e show n tha t  th e analysi s i s consisten t  wit h 
existin g account s o f  scientifi c  activity . 

The theory accommodates concerns derived from both die 
humanitie s (e.g. .  th e histor y o f  science ,  cultur e studies )  an d 
th e science s (e.g. .  dynami c system s theory) :  bot h ar e 
necessar y t o accoun t  fo r  th e complexit y o f  real-worl d 
thinkin g i n a  socially -  an d culturally-conditione d domain . 
We thu s blen d interpretiv e ("humanities-like" )  an d scientifi c 
("explanatory" )  accounts . 

Three examples from our own work illustrate the 
advantage s o f  th e account .  Thus ,  Dunca n &  Twene y (1997 ) 
have show n tha t  Faraday' s developin g representatio n o f 
aspect s o f  hi s  field  theor y ca n b e accounte d fo r  b y positin g a 
"representationa l  spillover "  fro m on e domai n t o another . 
Here ,  Faraday' s long-ter m purpose s (Leve l  1 )  wer e 
instantiate d vi a specifi c  heuristic s (Leve l  2) ,  whic h interacte d 
i n productiv e fashio n wit h hi s concep t  o f  th e field. 
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Ippolit o &  Twene y (1995 )  showe d tha t  Faraday' s wor k o n 
acoustic s i n 183 1 (jus t  prio r  t o hi s Augus t  discover y o f 
induction )  manifeste d a  progressio n fro m perceptua l  rehearsa l 
throug h "inceptua l  rehearsal. "  i n whic h selectiv e aspect s o f 
hi s perceptua l  experience s wer e enhance d an d "run "  i n stand -
alon e fashion .  Th e resultin g inception s forme d th e basi s fo r 
a menta l  model ,  whic h wa s manifeste d i n physica l 
apparatus .  Here ,  specifi c  heuristic s (Leve l  2 )  wer e 
instantiate d vi a repeated  us e o f  script s (Leve l  3) .  whic h i n 
tur n modifie d th e heuristics ,  an d s o on ;  onl y the n wa s 
physica l  instantiatio n (Level s 4  an d 5 )  possible . 

The present account can incorporate explicit representation 
of  cultura l  an d historica l  dynamics .  Fo r  example ,  a  recen t 
investigatio n (Kur z &  Tweney ,  i n press )  o f  th e 
representationa l  us e o f  differentia l  equation s relie d upo n th e 
representationa l  multiplicit y o f  th e calculu s (recoverabl e 
fro m th e rich  histor y o f  th e calculus )  t o uncove r  th e 
purpose s an d heuristic s (Level s 1  an d 2 )  a t  pla y i n th e real -
tim e attempt s o f  exper t  physica l  scientist s an d 
mathematician s t o solv e a  physica l  rat e problem . 

Here, representational change was capturable by using the 
rich  historica l  contex t  o f  th e cultura l  artifac t  tha t  constitute s 
modem calculus .  Suc h "archeology "  o f  knowledg e prove s 
full y consisten t  wit h eve n th e mos t  molecula r  account s o f 
problem-solvin g activities . 
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