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" O n - L i n e "  Inductiv e Reasonin g I n Scientifi c  Laboratories : 

What It Reveals About The Nature Of Induction and Scientific Discovery 

Kevin Dunbur (l)uNnAR@psYCH.MCGiLL.CA) 
Departmen t  o f  Psychology ,  McGil l  Universit y 

120 5 Docteu r  Penfiel d Avenue ,  Montreal ,  Quebec ,  Canad a H 3 A IB l 

Abs t rac t 

"On-line" data of scientists thinking and reasoning in their 
laboratorie s wer e collecte d an d analyzed ,  providin g a  rar e 
glimps e int o th e day-to-da y us e o f  inductio n b y scientist s 
at  work .  Analyse s revea l  tha t  scientist s us e differen t  type s 
of  inductio n i n specifi c  order s an d cycl e throug h suc h type s 
i n way s tha t  ar e dictate d b y thei r  curren t  goa l  an d context . 
Further ,  th e processe s involve d i n majo r  conceptua l 
change s ar e identica l  t o thos e involve d i n mino r 
conceptua l  changes .  Finally ,  firs t  tim e analyse s o f  wome n 
and me n scientist s reasonin g i n laboratorie s sho w tha t 
women an d me n scientist s reaso n i n a  virtuall y identica l 
manner . 

N e w A p p r o a c h e s t o Scient i f i c  D i s c o v e r y 

The goal of this research is to provide a model of how and 
when scientist s us e differen t  type s o f  induction ,  an d unde r 
whic h circumstance s on e typ e o f  inductio n wil l  b e use d 
rathe r  tha n another .  W e hav e addresse d thes e question s usin g 
tw o approaches .  O n e approac h i s t o investigat e scientist s a s 
the y reaso n "on-line "  a t  weekl y laborator y meeting s (Dunba r 
1995 ,  1996 ,  1997) .  Laborator y meeting s provid e a 
microcos m o f  th e differen t  type s o f  thinkin g an d reasonin g 
strategie s tha t  scientist s engag e in .  Th e meeting s includ e 
reasonin g abou t  th e desig n o f  experiments ,  theory ,  th e 
interpretatio n o f  data ,  an d contai n occasiona l  scientifi c 
discoveries .  Usin g thi s nove l  approach ,  w e hav e investigate d 
scientist s a t  tw o majo r  universitie s i n 4  molecula r  biolog y 
and 4  immunolog y laboratories .  W e hav e adapte d technique s 
fro m protoco l  analysis ,  an d use d thes e technique s t o analyz e 
transcript s o f  scientist s talking ,  an d reasonin g "on-line. "  W e 
hav e bee n abl e t o determin e th e type s o f  reasonin g tha t 
scientist s engag e i n w h e n the y ar e formulatin g theories , 
designin g experiment s an d interpretin g data . 

The secon d approac h i s t o tak e rea l  scientifi c  problems , 
brin g the m int o th e cognitiv e laboratory ,  an d pu t  subject s i n 
a simila r  stat e o f  knowledg e a s th e scientist s (e.g. ,  Dunbar , 
1993 ,  Rapu s &  Dunba r  1997) .  I n Rapu s &  Dunbar ,  w e hav e 
take n th e discover y o f  "Prions "  -th e putativ e caus e o f  mad -
co w disease -  int o th e psychologica l  laborator y an d 
investigate d th e condition s unde r  whic h subject s wil l  an d 
wil l  no t  discove r  Prions .  Th e performanc e o f  th e subject s i s 
surprisingl y simila r  t o tha t  o f  th e scientist s w h o discovere d 
Prion s (c f  Rhode s 1997 )  an d t o th e scientist s tha t  w e hav e 

bee n investigating .  Thus ,  th e rea l  scientist s an d ou r 
laborator y investigation s o f  scientifi c  thinkin g ar e beginnin g 
t o converg e o n a  c o m m o n se t  o f  menta l  operation s an d 
sequence s o f  menta l  operation s tha t  ar e a t  th e cor e o f 
scientifi c  thinking .  I n thi s symposium ,  I  wil l  focu s o n ou r 
analyse s o f  inductio n i n science . 

" O n - l i n e "  I n d u c t i o n i n S c i e n c e 

M a ny analyse s o f  inductio n hav e focuse d o n it s centra l 
rol e i n scienc e and ,  paradoxically ,  o n th e inheren t 
limitation s o f  usin g induction .  Th e ter m inductio n ha s bee n 
use d i n tw o sense s (Thagar d i n Press) .  First ,  inductio n ha s 
bee n use d t o describ e an y inferenc e tha t  involve s uncertaint y 
(i.e. ,  inference s no t  base d upo n deduction) .  Second , 
inductio n ha s bee n use d fo r  specifi c  type s o f  inference s suc h 
as Analogy ,  Causa l  Reasoning ,  Generalization ,  an d 
Categorization .  Eac h o f  thes e type s o f  inductio n ha s receive d 
an enormou s amoun t  o f  research . 

Usin g transcription s o f  ove r  5 0 hour s o f  vide o an d 
audiotape d laborator y meetings ,  w e hav e analyzed ,  sentenc e 
by sentence ,  th e type s o f  induction s tha t  scientist s use .  W e 
first  code d al l  instance s o f  inductio n i n th e broa d sense ;  an y 
non-deductiv e for m o f  reasoning .  W e the n sub-divide d al l 
induction s int o Classifications ,  Analogies ,  Causa l 
Reasoning ,  an d Generalizations .  W e als o code d th e goal s o f 
th e scientists ,  type s o f  findings  tha t  the y wer e reasonin g 
about ,  an d othe r  contextua l  information .  W e the n groupe d 
togethe r  th e differen t  type s o f  induction s i n term s o f  th e 
scientists '  goal s an d co-occurrin g type s o f  reasoning . 

Thes e analyse s revea l  tha t  inductio n i s use d i n a  numbe r 
of  differen t  way s i n scientifi c  reasoning ,  dependin g o n th e 
contex t  an d goals .  I n designin g experiments ,  scientist s 
frequentl y us e induction-particularl y i n th e for m o f  analogy -
-t o pic k specifi c  design s an d t o formulat e th e precis e 
condition s o f  experiments .  Thi s resul t  i s  surprising ,  a s 
m a ny theorist s hav e describe d experimenta l  desig n a s a 
mainl y deductiv e process .  I n reasonin g abou t  data ,  th e 
scientist s us e a  numbe r  o f  differen t  form s o f  induction ,  ofte n 
i n a  seria l  manner .  First ,  scientist s attemp t  t o classif y 
result s i n term s o f  k n o w n concepts .  Th e scientist s attemp t 
t o classif y thei r  result s an d t o lin k thes e classification s bac k 
t o thei r  experimenta l  design .  Ofte n thes e classification s 
allo w th e scientist s t o determin e whethe r  thei r  experiment s 
wer e conducte d correctly .  Second ,  fo r  an y findings  tha t  ar e 
not  immediatel y classifiable ,  usuall y unexpecte d findings, 
th e scientist s attemp t  t o buil d a  causa l  chain  tha t  wil l  ti e th e 
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finding s t o a  know n concept .  Thi s stag e ofte n involve s 
makin g a n analog y t o a  know n concep t  i n anothe r  relate d 
organis m o r  domain .  Third ,  i f  th e scientist s canno t  accoun t 
fo r  thei r  findings,  eithe r  throug h simpl e classificatio n o r 
throug h analog y (th e first  tw o steps) ,  the y wil l  the n attemp t 
t o formulat e a  ne w concept .  Th e ne w concept s ten d t o b e 
generate d eithe r  b y takin g c o m m o n propertie s o f  thei r 
findings ,  o r  proposin g a  ne w concep t  base d o n feature s o f 
one finding.  Th e ne w concep t  ca n the n serv e a s inpu t  t o a 
ne w cycl e o f  inductio n an d evaluatio n a s state d abov e i n 
step s on e t o three . 

Thes e analyse s revea l  tha t  inductio n take s plac e i n a 
specifi c  sequenc e startin g wit h classification .  Onl y whe n 
classificatio n doe s no t  accoun t  fo r  th e dat a wil l  scientist s 
engag e i n mor e comple x type s o f  inductiv e processe s suc h 
as analog y an d generalization .  Thi s particula r  sequenc e o f 
type s o f  induction s i s dynami c an d ca n chang e a s a  functio n 
of  th e knowledg e stat e an d goal s o f  th e scientists . 
Furthermore ,  i t  i s  no t  uncommo n fo r  scientist s t o cycl e 
throug h th e type s o f  inductio n whe n the y obtai n unusua l 
finding s . 

Do scientist s remembe r  ho w the y mad e a  discovery ? W e 
hav e als o foun d tha t  muc h o f  th e reasonin g tha t  w e capture d 
was no t  remembere d b y th e scientists ,  an d tha t  interview s 
wit h th e scientists ,  eve n tw o day s afte r  a  meeting ,  o r  a 
discovery ,  reveale d tha t  th e scientist s ha d forgotte n ke y 
component s i n thei r  reasoning .  Th e scientist s wer e ver y 
surprise d whe n the y sa w trancript s o f  wha t  happened . 

Induction and Conceptual Change 

One importan t  questio n tha t  ou r  dat a allo w u s t o addres s i s 
whethe r  th e processe s tha t  ar e involve d i n a  mino r  chang e o f 
a concep t  ar e differen t  fro m thos e involve d i n a  majo r  chang e 
of  a  concep t  i n whic h a  ne w concep t  i s generate d an d th e ol d 
conceptua l  structur e i s reorganized.  W e hav e foun d tha t 
exactl y th e sam e type s o f  inductio n occu r  i n bot h majo r  an d 
mino r  conceptua l  changes .  Th e onl y differenc e betwee n 
majo r  an d mino r  conceptua l  chang e i s tha t  mino r  conceptua l 
change s ca n b e accomplishe d usin g a  singl e typ e o f 
inductiv e proces s workin g alone ,  suc h a s generalization . 
However ,  majo r  conceptua l  chang e involve s man y differen t 
type s an d cycle s o f  induction .  W e hav e witnesse d a  numbe r 
of  majo r  conceptua l  change s tha t  involve d th e us e o f  man y 
differen t  type s o f  induction .  Thus ,  ther e i s no t  on e magi c 
ste p suc h a s a  generalizatio n workin g alon e tha t  wil l  produc e 
majo r  conceptua l  change .  W e hav e observe d thi s i n th e rea l 
worl d an d i n ou r  experiments .  W e hav e foun d tha t  whe n 
give n set s o f  finding s abou t  "ma d co w disease "  subject s wil l 
generat e th e concep t  o f  Prion s whe n the y us e combination s 
of  differen t  type s o f  inductio n suc h a s analogy ,  classificatio n 
and generalizatio n (Rapu s &  Dunbar ,  1997) . 

Are There Gender Differences in Inductive 
Reason ing ? 

M a ny scientist s hav e argue d tha t  w o m e n scientist s thin k 
differentl y fro m m e n scientists .  Thi s hypothesi s i s base d 
largel y upo n survey s o r  retrospectiv e report s an d hav e 
pointe d t o ostensibl e difference s i n th e us e o f  inductio n b y 
w o m en an d men .  W e hav e bee n extendin g ou r  analyse s o f 
inductio n t o addres s thi s issu e b y analyzin g th e type s o f 

inductiv e reasonin g tha t  w o m e n an d me n scientist s engag e 
in .  Ou r  analyse s revea l  tha t  w o m e n an d me n scientist s 
reaso n i n exactl y th e sam e ways .  Th e onl y differenc e tha t  w e 
hav e discovere d i s tha t  w o m e n ar e somewha t  mor e likel y t o 
generat e ne w hypothese s i n respons e t o unexpecte d findings 
tha n men .  W e hav e foun d tha t  w o m e n an d men' s us e o f 
specifi c  type s o f  inductions ,  suc h a s classifications , 
analogies ,  o r  causa l  reasonin g t o b e identical . 

Conclusion 

Overall ,  th e result s o f  ou r  differen t  investigation s o f 
inductio n ar e revealin g a  dynami c pictur e o f  th e wa y tha t 
differen t  type s o f  inductio n ar e use d i n science .  Thes e 
analyse s ar e makin g i t  possibl e bot h t o buil d mor e detaile d 
model s o f  inductio n an d t o propos e ne w way s o f  trainin g 
futur e scientist s (Dunbar ,  i n press) . 
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