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On Changin g th e "Logic "  o f  Propose d 
Logic s o f  Scientifi c  Discover y 

S.C. Grover 
Universit y o f  Calgar y 

Critic s o f  th e concep t  o f  a  logi c o f  discover y 
generall y hol d tha t  discover y Involve s Irrational , 
aestheti c an d metaphorl c component s whic h preclud e 
systemati c descriptio n o r  reductio n t o a n algo -
rithmizabl e procedur e (e.g .  1 ,  2 ) .  Thi s pape r 
reconsider s certai n o f  th e Issue s Involve d I n thi s 
philosophica l  controvers y an d discusse s th e possi -
bilitie s fo r  compute r  simulatio n o f  Inventiv e 
scientifi c  thinking . 

It has become increasingly clear via philosophi-
ca l  analysi s an d recen t  wor k i n artificia l  intel -
ligence ,  tha t  traditiona l  form s o f  logi c fal l  shor t 
of  providin g a n adequat e descriptio n o f  th e think -
in g underlyin g scientifi c  discover y (3) .  Fo r 
instance ,  Cohe n (4 )  ha s show n that :  "tiewto n 
derive s hi s Invers e squar e la w o f  gravitatio n b y a 
precis e mathematica l  derivatio n from ,  amon g othe r 
things ,  Kepler' s Thir d La w fo r  planets .  .  .W e ca n 
sho w logicall y tha t  Newton' s syste m contradict s 
Kepler' s Thir d Law ,  whil e Newto n cooll y derive s on e 
fro m th e other "  (5 ,  p .  260) .  Deductiv e logi c doe s 
not  see m t o b e th e basi s the n fo r  Newton' s creati -
vit y i n thi s instance .  Inductiv e logi c seem s ofte n 
t o far e n o bette r  a s a n explanatio n fo r  inventive -
ness :  " .  .  .mos t  o f  u s canno t  conceiv e tha t  ther e 
migh t  b e rule s tha t  woul d lea d u s fro m laborator y 
dat a t o theorie s a s comple x a s quantu m theory , 
genera l  relativity ,  an d th e structur e o f  DNA.  Ou r 
share d archetype s o f  significan t  scienc e virtuall y 
al l  Involv e theoretica l  entitle s an d processe s 
whic h ar e Inferentlall y  fa r  remove d fro m th e dat a 
whic h the y explain "  (2 ,  p .  178) . 
Inductive and deductive logic are incomplete 
model s fo r  a  logi c o f  discover y als o i n tha t  ofte n 
scientist s d o no t  begi n wit h "valid "  premise s o r 
"sound "  data .  Tec ,  the y frequentl y arrive  a t 
theorie s an d finding s whic h ar e deeme d highl y sig -
nifican t  an d legitimate .  S o I t  was ,  fo r  example , 
wit h Darwi n wh o arrive d a t  th e theor y o f  evolutio n 
— base d o n th e concep t  o f  natura l  selectio n — 
fro m hi s mona d theor y whic h posite d individua l 
primitiv e lif e form s tha t  aros e spontaneousl y o n a 
continua l  basi s (6) . 

An overrellance on traditional logic may account 
fo r  som e o f  th e limitation s i n contemporar y compu -
te r  simulation s o f  scientifi c  discover y processe s 
(whic h ar e quit e impressiv e nonetheless) .  Thu s th e 
Bacon - l  an d - 3 programme s mus t  b e give n dat a fre e 
of  nois e t o manipulate ;  les t  th e programmes ' 
Inductiv e processin g b e le d astray .  Th e ultimat e 
consequenc e o f  suc h a n approac h i s tha t  thes e 
programme s ca n rediscove r  certai n know n empirica l 
laws ,  suc h a s Ch e idea l  ga s law ,  bu t  canno t  gene -
rat e ne w discoverie s (7) . 
What other forms of logic might then be relevant 
t o th e proble m o f  scientifi c  discovery ? Th e sor t 
of  logi c require d t o accoun t  for ,  fo r  Instance , 
reformulation s o f  problem s Int o usefu l  researchabl e 
ones I s wha t  Achlnstel n term s a n "evaluativ e 
logic "  (8) .  Suc h a  logi c woul d includ e rule s fo r 
decidin g o n th e plausibilit y  an d importanc e o f 
researc h problem s an d "solutions" .  A  theor y migh t 
be considere d mor e plausibl e i f  i t  account s fo r 
more dat a o r  fo r  puzzlin g empirica l  findings . 
Achlnstel n use s a s a n exampl e Bohr' s notio n tha t 
th e hydroge n ato m consist s o f  a  nucleu s aroun d 
whic h a  singl e electro n revolve s an d sometime s 

Jumps fro m on e stabl e orbi t  t o another .  Achln -
stel n contend s tha t  Bohr' s hypothesi s wa s con -
sidere d plausibl e sinc e i t  wa s usefu l  i n explain -
in g th e spectra l  line s presen t  whe n hydroge n i s 
excite d b y hea t  o r  electricit y an d emit s light . 
Anothe r  exampl e i s Pauli' s  "discovery "  o f  th e neu -
trino .  Th e concep t  o f  th e neutrin o wa s initiall y 
reluctantl y accepte d a s plausibl e — despit e th e 
absenc e o f  empirica l  evidenc e fo r  a  "neutrin o 
event "  — becaus e i t  coul d explai n th e failur e o f 
energ y equation s t o balanc e befor e an d afte r  bet a 
deca y (9) . 

As the aforementioned examples illustrate, 
evaluativ e logi c differ s i n importan t  way s fro m 
deductiv e o r  Inductiv e logic .  I t  ma y lea d t o a 
concep t  o r  mode l  i n th e absenc e o f  direc t  empirica l 
suppor t  a s i n th e cas e o f  Pauli' s  neutrino .  I n 
addition ,  evaluativ e logi c i s a  flexibl e syste m 
whic h doe s no t  lea d Inexorabl y t o an y particula r 
conclusions(s )  a s i s th e cas e wit h deductiv e logic . 
Thus Bohr' s theor y may hav e bee n a  plausibl e on e 
or  th e mos t  plausibl e theor y advance d a t  th e time , 
however ,  th e "logic "  o f  th e argumen t  di d no t 
Inherentl y preclud e othe r  possibilities . 

Does this discussion not simply beg the question 
of  ho w ne w Idea s ar e generate d i n th e firs t  place , 
and substitut e fo r  tha t  questio n th e issu e o f 
theor y Justification ? Guttin g (10 )  hold s tha t  a 
logi c o f  hypothesi s generatio n i s intimatel y 
linke d t o a n evaluativ e logi c whic h assesse s idea s 
or  models .  A s Guttin g point s out ,  th e so-calle d 
truis m tha t  on e ca n thin k o f  almos t  anythin g i s 
false .  H e give s th e followin g example :  "Hos t 
people .  .  .eve n one s wit h sufficien t  Intelligenc e 
and imagination ,  coul d no t  hav e though t  o f  th e 
hypothesi s o f  electro n spin .  Onl y a  scientis t 
thinkin g o f  th e ato m i n term s o f  a  planetar y mode l 
coul d hav e though t  o f  suc h a  hypothesis .  O n th e 
othe r  hand ,  th e hypothesi s i s implici t  i n th e 
model  an d s o likel y t o occu r  t o anyon e wh o i s 
seriousl y concerne d wit h developin g thi s model .  S o 
i f  th e questio n i s raised :  Why di d Goudsmi t  an d 
Uhlenbec k thin k o f  th e spi n hypothesis ? a t  leas t 
a significan t  par t  o f  th e answe r  lie s i n a  concep -
tua l  analysi s o f  th e natur e o f  Bohr' s mode l  o f  th e 
atom "  (10 ,  p .  224-225) . 

Thus discoveries occur given a particular his-
torica l  an d theoretica l  context .  Suc h a  contex t 
or  backgroun d knowledg e i s no t  currentl y a  signi -
fican t  featur e o f  programme s suc h a s th e Baco n 
simulatio n attempts .  I t  i s  a s i f  th e programm e i s 
largel y expecte d t o operat e i n a  theoretica l 
vacuu m detectin g regularitie s i n th e dat a which ,  a s 
th e programme' s namesak e Franci s Baco n held ,  woul d 
"lea p out "  a t  th e observe r  (7) .  However ,  i n pro -
vidin g onl y "sound "  dat a devoi d o f  anomalie s onl y 
a lo w leve l  theoretica l  bia s o f  a  sor t  i s  buil t 
int o th e system .  I t  seem s tha t  man y attempt s a t 
simulatin g scientifi c  discover y are ,  perhap s unwit -
tingly ,  designe d s o a s t o b e consisten t  wit h th e 
notio n tha t  "scienc e begin s i n th e nothingnes s o f 
ignorance "  (11 ,  p .  12) .  However ,  a s Goul d point s 
out ,  theorie s alway s aboun d wit h th e resul t  tha t 
"scienc e advance s primaril y b y replacemen t  no t  b y 
addition "  ( U ,  p .  12) . 
Consider for instance Lavoisier's discovery of 
oxygen .  I t  wa s hi s rejectio n o f  phlogisto n cheml -
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ca l  theor y whic h wa s a  prerequisit e fo r  developmen t 
of  th e notio n o f  combustio n a s du e t o a  combinatio n 
effec t  rathe r  tha n a  dissociatio n reaction .  Hi s 
contemporary .  Priestly ,  di d no t  rejec t  phlogisto n 
theor y i n th e ligh t  o f  Lavoisier' s evidenc e tha t 
combustio n le d t o a n increas e i n th e weigh t  o f  a 
burne d compoun d an d no t  a  decreas e a s phlogisto n 
theor y necessitated .  Priestl y simpl y postulate d 
tha t  phlogisto n ha s a  "negativ e weight" .  Thi s 
cas e illustrate s Curd' s poin t  that :  "Th e factor s 
tha t  justif y ou r  inference s t o theorie s i n th e 
firs t  plac e ar e th e sam e a s thos e tha t  w e us e t o 
decid e whic h theor y t o pursu e afte r  the y hav e bee n 
generated. "  (12 ,  p .  215) . 
What is needed then are programmable rules which 
captur e somethin g o f  th e logi c o f  dat a an d proble m 
assessmen t  give n a  particula r  theoretica l  frame -
work .  Also ,  require d ar e highe r  orde r  set s o f 
rule s tha t  reflec t  o n th e theoretica l  assumption s 
upon whic h th e programm e operates .  T o accomplis h 
thi s migh t  b e aki n t o equippin g th e programm e wit h 
a metacognltlv e competency .  Programme s suc h a s 
Internlst- I  (13 )  com e close r  tha n other s t o opera -
tin g o n dat a give n certai n backgroun d knowledg e 
e.g .  a  classificatio n schem e fo r  al l  possibl e dis -
eases ,  an d thu s ar e mor e simila r  t o th e scientis t 
who als o come s t o hi s researc h proble m wit h a 
particula r  fram e o f  reference .  However ,  th e 
Internis t  programmes ,  lik e th e Baco n programmes , 
canno t  mak e ne w discoverie s e.g .  a  ne w diseas e i s 
not  generatabl e b y Internis t  I  o r  II .  Perhap s i n 
par t  thi s i s becaus e th e metacognltlv e featur e (fo r 
a lac k o f  a  bette r  term )  i s absent .  Fortunately , 
progres s i s bein g mad e i n huma n researc h i n th e 
understandin g o f  variou s aspect s o f  metacognltlv e 
competencie s (e.g .  14 ,  IS ,  16) .  Perhaps ,  th e 
additio n o f  a  metacognltlv e componen t  i n compute r 
simulation s o f  scientifi c  discover y processe s wil l 
allo w fo r  mor e flexibl e programme s tha t  mak e ne w 
discoveries ,  o f  a  sort .  Shoul d th e latte r  occur , 
a logi c o f  discover y woul d not ,  a s Wartofsk y no w 
claims ,  "dissolv e th e notio n o f  creativit y 
altogether "  (1 ,  p .  8 ) . 
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