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T h e T e m p o r a l  n a t u r e o f  S c i e n t i f i c  D i s c o v e r y : 

T h e r o l e s o f  P r i m i n g a n d A n a l o g y 

Kevi n Dunba r  &  Christia n D .  Schun n 

Departmen t  o f  Psychology ,  McGil l  Universit y 

Abstract: One of the most frequently mentioned sources of scientific hypotheses is analogy. Despite the 
attractivenes s o f  thi s mechanis m o f  discovery ,  ther e ha s bee n bu t  a  smal l  succes s i n demonstratin g tha t 
peopl e actuall y us e analogie s whil e solvin g problems .  Th e stud y reporte d belo w attempte d t o foste r 
analogica l  U-ansfe r  i n a  scientifi c  discover y task .  Subject s worke d o n tw o problem s tha t  ha d th e sam e typ e 
of  underlyin g mechanism .  O n da y 1 ,  subject s discovere d th e mechanis m tha t  control s viru s reproduction . 
On da y 2 ,  subject s returne d t o wor k o n a  proble m i n molecula r  genetic s tha t  ha d a  simila r  underlyin g 
mechanism .  Th e result s showe d tha t  experienc e a t  discoverin g th e viru s mechanis m di d facilitat e 
performanc e o n th e molecula r  genetic s task .  However ,  th e verba l  protocol s d o no t  indicat e tha t  subject s 
analogicall y mappe d knowledg e fro m th e viru s t o th e genetic s domain .  Rather ,  experienc e wit h th e viru s 
proble m appeare d t o prim e memory .  I t  i s  argue d tha t  analogica l  mappin g ca n b e use d flexibl y i n scientifi c 
discover y context s an d tha t  prime d knowledg e structure s ca n als o provid e acces s t o relevan t  informatio n 
when analogica l  mappin g fails . 

Th e origin s o f  scientifi c  hypothese s an d 

theorie s hav e ofte n bee n considere d t o b e 

outsid e th e purvie w o f  scientifi c  investigation . 

Recently ,  however ,  a  numbe r  o f  account s o f 

scientifi c  discover y hav e appeare d tha t  provid e 

detaile d mechan ism s o f  discover y (e.g. , 

Holland ,  Holyoak ,  Nisbet t  an d Thagard ,  1986 ; 

Klah r  &  Dunbar ,  1988 ;  Langley ,  Bradshaw , 

Simo n &  Zytkow ,  1987) .  O n e suc h accoun t  i s 

th e Scientifi c  Discover y a s Dua l  Searc h 

framewor k o f  Klah r  an d Dunba r  (Klah r  & 

Dunbar ,  1988) .  Scientifi c  Discover y a s Dua l 

Searc h ( S D D S )  i s base d upo n th e assumptio n 

tha t  scientifi c  reasonin g consist s o f  a  searc h i n 

tw o mai n proble m space s -a n hypothesi s an d 

an experimen t  space .  Usin g thi s framework ,  i t 

has ha s bee n possibl e t o explor e th e manne r  i n 

whic h th e curren t  hypothesi s guide s 

experimen t  spac e search ,  an d h o w 

experimenta l  result s i n tur n determin e searc h 

of  th e hypothesi s space .  Fo r  example ,  Klah r  & 

Dunba r  (1988 )  hav e discovere d tha t  w h e n 

subject s fai l  t o fin d a n hypothesi s b y searchin g 

th e hypothesi s space,  the y switc h t o searchin g 

th e experimen t  space .  Dunba r  (1989 )  an d 

Klahr ,  Dunbar ,  &  Fa y (1990 )  hav e discovere d 

a numbe r  o f  heuristic s fo r  experimen t  spac e 

search . 

Whi l e w e ar e n o w acquirin g a  mor e 

detaile d pictur e o f  th e heuristic s tha t  guid e 

experimen t  spac e search ,  relativel y littl e i s 

k n o w n abou t  th e heuristic s governin g th e 

searc h o f  th e hypothesi s space .  Klah r  an d 

Dunba r  (1988 )  hav e show n tha t  whe n subject s 

attemp t  t o m a k e a  discovery ,  the y initiall y 

searc h m e m o r y fo r  a n hypothesis .  W h e n a n 

hypothesi s ha s bee n found ,  th e subject s the n 

conduc t  experiment s t o se e i f  th e hypothesi s i s 

correct .  I f  th e hypothesi s i s incorrect ,  th e 

subject s the n eithe r  modif y th e hypothesis , 

searc h m e m o r y fo r  a  n e w hypothesis ,  o r  switc h 

t o a  searc h o f  th e experimen t  space .  Howeve r 

th e actua l  mechanism s underlyin g thi s searc h 

of  th e hypothesi s spac e ar e unclear .  Th e 

purpos e o f  th e researc h reporte d her e wa s t o 

provid e a  mor e detaile d accoun t  o f  Hypothesi s 

spac e search . 

Researc h i n othe r  laboratorie s suggest s 

tw o mai n mechanism s fo r  hypothesi s spac e 

search ;  analogica l  mappin g (Centner ,  1983 ; 

Holland ,  Holyoak ,  Nisbet t  &  Thagar d 1986) , 

an d Reminding s (Ross ;  1989) .  Holland ,  e t  al . 

(1986 )  hav e emphasize d th e centra l  rol e o f 
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analogica l  mappin g a s a  sourc e o f  initia l 

scientifi c  hypotheses .  Surprisingly ,  empirica l 

researc h ha s demonstrate d tha t  subject s ofte n 

fai l  t o notic e a n analogica l  mappin g whe n on e i s 

present .  Mos t  researc h tha t  ha s demonstrate d 

an inabilit y  o f  subject s t o mak e us e o f 

analogie s ha s bee n conducte d usin g problem s 

tha t  deman d littl e prio r  knowledge ,  an d th e 
subject s d o no t  wor k o n th e problem s fo r 

extensiv e amount s o f  tim e (e.g. ,  Gic k & 
Holyoak ,  1983) .  W h e n subject s ar e give n mor e 

extensiv e trainin g o n a  sourc e domai n ther e i s 
a greate r  probabilit y  o f  analogica l  mappin g 
occurrin g (e.g. ,  Bassoc k &  Holyoak ,  1989) . 

Thi s suggest s tha t  th e typ e o f  representatio n 
tha t  subject s hav e o f  bot h th e sourc e an d th e 

targe t  domai n determine s whethe r  analogica l 

mappin g wil l  occur .  Centner' s (1983 )  structur e 
mappin g theor y suggest s tha t  subject s wil l 
map fro m on e domai n t o anothe r  onl y whe n 

the y ca n abstrac t  th e relationa l  structur e o f  th e 
sourc e domai n an d th e targe t  domains .  Bot h 
Centner' s theor y an d th e goa l  oriente d 

approac h o f  Holyoa k an d Thagar d (1989 ) 
sugges t  tha t  subject s mus t  hav e a  detaile d 
representatio n o f  th e bot h th e sourc e an d th e 

targe t  problem s t o mak e analogies . 
Anothe r  mechanis m tha t  coul d b e 

involve d i n mappin g previousl y acquire d 
knowledg e o n t o a  ne w proble m i s remindings ; 
th e us e o f  a n earlie r  exampl e tha t  th e proble m 
solve r  i s reminde d o f  whil e solvin g a  problem . 

Reminding s mus t  b e par t  o f  th e analogica l 
mappin g proces s o r  coul d occu r  withou t  bein g 
use d i n analogica l  mapping .  Ros s (1989 )  ha s 

propose d tha t  whe n solvin g a  proble m ther e i s 
a searc h o f  memor y fo r  relate d information .  I f 

th e searc h i s successful ,  th e subjec t  wil l  b e 
abl e t o us e th e earlie r  exampl e t o solv e th e 

problem .  I f  th e earlie r  exampl e ha s th e sam e 

structura l  characteristic s a s th e curren t 

proble m th e subjec t  ma y b e abl e t o analogicall y 
m ap th e earlie r  solutio n o n t o th e curren t 

problem .  I f  ther e i s n o structura l  overla p th e 

subjec t  coul d stil l  us e th e remindin g b y fittin g 

th e previou s solutio n t o th e curren t  problem . 

W h en applie d t o a  scientifi c  reasonin g 

context ,  thes e view s sugges t  tha t  whe n a 

scientis t  ha s knowledg e o f  a  sourc e domain . 

analogica l  mappin g wil l  occu r  onl y whe n a 

representatio n o f  th e targe t  domai n ha s th e 

same structur e o r  th e sam e subgoal s a s th e 

sourc e problem .  Whe n workin g o n a  problem , 

th e scientis t  wil l  initiall y  retriev e som e 

knowledg e though t  t o b e relevan t  t o th e 
problem .  Experiment s ar e the n conducted .  Th e 

experiment s lea d t o a  mor e detaile d rep -
resentation .  W h e n a  mor e detaile d 

representatio n o f  th e proble m i s acquired ,  a 
searc h o f  memor y fo r  a  structur e o r  solutio n 

tha t  wil l  ma p ont o th e targe t  domai n wil l  occur . 
Whil e workin g o n a  proble m a  scientis t  ma y 

retriev e man y differen t  analogie s t o formulat e 
hypothese s unti l  a  satisfactor y solutio n t o th e 

proble m i s reached . 
I n sum ,  previou s researc h suggest s tha t 

i f  a n attemp t  t o ma p fro m th e bas e t o th e targe t 
domai n i s mad e whe n subject s begi n workin g 
on a  problem ,  subject s wil l  hav e superficia l 
informatio n abou t  th e targe t  domain .  Subject s 

shoul d us e thei r  superficia l  knowledg e o f  tha t 
domai n t o searc h memor y fo r  hypothese s 

relevan t  t o th e problem .  A s a  resul t  o f 
experimentation ,  subject s shoul d lear n tha t 
thei r  initia l  hypothese s d o no t  hold .  Then ,  a s 
the y lear n mor e abou t  th e relation s amon g th e 
element s o f  th e targe t  proble m --throug h ex -
perimentation- -  the y shoul d develo p a  mor e 
detaile d representatio n o f  th e problem .  Thi s 

shoul d mak e i t  possibl e t o searc h memor y fo r  a 
structurall y simila r  solution ,  o r  solution s tha t 

hav e bee n use d t o solv e simila r  problems . 

The Molecular Biology domain 

To investigat e th e tempora l  cours e o f  th e 

developmen t  o f  hypothese s a  tas k tha t  foster s 
th e developmen t  o f  changin g representation s o f 
a proble m i s needed .  Rathe r  tha n inven t  a n 

arbitrar y problem ,  tw o problem s fro m molecula r 

biolog y tha t  involv e simila r  underlyin g 

mechanism s wer e used .  Th e sourc e proble m 
was on e of  discoverin g wh y viruse s ar e 

sometime s dorman t  (d o no t  reproduce) ,  an d 

othe r  time s ar e activ e (reproduc e rapidly) . 
Molecula r  biologist s hav e discovere d tha t 

dorman t  viruse s secret e enzyme s tha t  inhibi t 

viru s reproduction .  Thi s i s a  for m o f  negativ e 
regulation .  Th e targe t  proble m als o involve d 



negativ e regulation .  Th e targe t  proble m wa s t o 

discove r  ho w gene s ar e controlle d b y othe r 

genes .  Th e specifi c  questio n addresse d wa s 

why gene s secret e beta-galactosidas e onl y 
when ther e i s lactos e present .  Agai n th e 

mechanis m underlyin g thi s i s negativ e 

regulatio n (Jaco b &  Monod ,  1961) .  Mono d an d 

Jaco b wer e awarde d th e Nobe l  priz e fo r 
discoverin g tha t  th e contro l  mechanis m i n 

viruse s an d i n lactos e i s negativ e regulation . 

To investigat e th e tim e cours e of 

analogica l  mappin g a  paradig m develope d b y 

Dunbar  (1989 )  wa s used .  I n th e Dunba r 

(1989 )  stud y subject s wer e taugh t  som e 
elementar y knowledg e abou t  molecula r 
genetics .  Then ,  subject s wer e taugh t  ho w t o 
conduc t  molecula r  genetic s experiment s o n th e 
computer .  The n the y wer e give n th e proble m o f 
discoverin g th e wa y tha t  gene s contro l  othe r 
genes .  Subject s tende d t o us e thei r  knowledg e 
of  th e genetic s domai n t o formulat e thei r  initia l 
hypotheses .  Subsequen t  hypothese s wer e 
forme d b y inducin g th e concep t  o f  negativ e 
regulatio n fro m pattern s o f  dat a o r  memor y 
search . 

I n th e curren t  study ,  subject s wer e 
taugh t  abou t  viruse s an d genetic s an d wer e 
shown ho w t o conduc t  simulate d experiment s 
on th e computer .  Fo r  bot h th e viru s an d th e 

genetic s proble m subject s wer e aske d t o 
discove r  th e contro l  mechanism .  Th e task s tha t 
th e subject s wer e give n an d th e potentia l 
analogica l  mapping s wil l  no w b e describe d i n 
detail . 

The Experimen t 

Subjects .  Sixt y McGil l  undergraduate s 
were pai d t o participat e i n th e experiment .  Al l 
subject s ha d take n a n introductor y biolog y 

cours e an d the y wer e no t  familia r  wit h gen e 
regulatio n i n bacteri a o r  viruses .  Thei r 
knowledg e o f  molecula r  genetic s consiste d o f 

knowin g tha t  D N A an d R N A exist . 

P r o c e d u r e .  Ther e wer e thre e 
conditions .  I n th e No-Viru s condition ,  subject s 
participate d onl y i n th e gen e regulatio n 
problem .  Ther e wer e tw o experimenta l 
condition s --Negative-Viru s an d Correlated -

Virus .  I n thes e condition s subject s attempte d 
t o discove r  wh y viruse s ar e sometime s activ e 

and sometime s dormant .  Th e viru s proble m 

was presente d o n da y 1 ,  an d th e genetic s 

proble m wa s presente d o n da y 2 .  Subject s 
conducte d thei r  experiment s o n a  Macintos h I I 
computer .  Th e displa y wa s highl y interactive : 

subject s conducte d experiment s b y usin g 

menus an d selectin g variou s options .  Onc e th e 

experimen t  wa s designe d subject s coul d 
conduc t  th e experimen t  an d monito r  th e 

results .  A  permanen t  recor d o f  al l  experiment s 

and result s wa s availabl e afte r  eac h 

experimen t  wa s conducted . 

Day 1 .  Viru s Problem .  Th e viru s 
proble m wa s carrie d ou t  i n thre e phases .  First , 
th e subject s wer e taugh t  som e basi c fact s 
abou t  viruse s an d biochemistry ,  an d wer e 
shown tw o method s o f  determinin g whethe r  a 

chemica l  i s  involve d i n viru s reproduction .  On e 
metho d wa s t o vie w th e amoun t  o f  a  chemica l 
tha t  i s  presen t  i n a n activ e o r  dorman t  virus . 
By doin g thi s th e subjec t  coul d se e whethe r 
ther e wa s a  relationshi p betwee n th e amoun t  o f 
a chemica l  an d th e numbe r  o f  viruse s present . 
The secon d metho d wa s t o ad d a  chemica l  t o a n 
activ e o r  dorman t  viru s an d monito r  it s  effec t  o n 
th e numbe r  o f  viruse s present . 

Second ,  th e subject s wer e instructe d o n 
ho w t o giv e a  verba l  protocol .  Third ,  th e viru s 
proble m wa s give n t o th e subjects .  The y wer e 

tol d tha t  viruse s wer e sometime s activ e an d 
sometime s dormant ,  an d tha t  biochemist s 
though t  tha t  on e o f  thre e chemical s tha t  th e 
viru s ca n secret e wa s responsibl e fo r  makin g 
th e viru s activ e o r  dormant .  Subject s wer e 
aske d t o discove r  whic h o f  th e thre e chemical s 
cause s th e viru s t o b e activ e o r  dorman t  an d 
what  th e contro l  mechanis m was . 

For  th e Negative-Viru s grou p th e 
mechanis m causin g th e viru s t o becom e 
dorman t  wa s negativ e regulation :  Th e dorman t 
viruse s secret e a  chemica l  tha t  prevent s 
generatio n o f  ne w viruses .  Fo r  th e Correlated -
Viru s group ,  ther e wa s a  positiv e correlatio n 
betwee n th e amoun t  o f  Q  tha t  wa s presen t  an d 
th e numbe r  o f  viruses .  I n thi s case ,  Q  wa s a 
by-produc t  o f  th e numbe r  o f  viruse s present . 
Ther e wa s n o causa l  mechanis m fo r  thi s group ; 

thi s wa s a  contro l  condition .  Subject s worke d 
on thi s proble m unti l  the y fel t  tha t  the y ha d 
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discovere d th e correc t  answer .  Subject s wer e 

not  tol d i f  the y ha d discovere d th e correc t 
mechanism .  Al l  subject s wer e aske d t o retur n 

fo r  anothe r  proble m th e nex t  day . 
Ther e wer e 1 2 possibl e experiment s 

tha t  coul d b e conducted ,  i n th e viru s problem . 

The smal l  numbe r  o f  experiment s mad e i t 
extremel y likel y tha t  subject s woul d conduc t  al l 
possibl e experiments .  I n particular ,  i n th e 
Negative-Viru s condition ,  subject s shoul d 

conduc t  a n experimen t  wher e Q  i s adde d t o a n 

activ e viru s an d th e numbe r  o f  viruse s 
decreases ,  (se e Figur e 1) .  Thi s woul d 

sugges t  tha t  Q  inhibit s viru s reproduction .  Du e 
t o th e smal l  siz e o f  th e experimen t  spac e i t 

was expecte d tha t  mos t  subject s woul d 
discove r  th e correc t  mechanism . 

FIGURE 1: NEGATIVE-VIRUS CONDITION 
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Day 2 .  Genetic s problem .  Al l  thre e group s o f 
subject s wer e give n th e genetic s problem . 
Ther e wer e thre e phases  i n th e genetic s 
problem .  First ,  th e subject s wer e taugh t  som e 
basi c fact s abou t  molecula r  biology .  The y wer e 

tol d tha t  cenai n gene s contro l  th e activitie s o f 
othe r  gene s b y switchin g the m o n whe n ther e 
i s a  nutrien t  present .  Thi s i s a n exampl e o f 
positiv e regulatio n --th e regulato r  gen e 

sense s tha t  ther e i s a  nutrien t  presen t  an d 
the n release s substance s tha t  instruc t  othe r 

gene s t o secret e enzyme s tha t  ca n utiliz e th e 
nutrient .  Th e exampl e o f  positiv e regulatio n 
give n t o th e subject s ca n b e see n i n Figur e 2 . 

Here ,  th e A  gen e switche s o n th e enzym e 

producin g genes .  W h e n th e A  gen e i s absen t 
and fructos e i s presen t  n o enzym e i s produce d 

(FI G 2A) .  W h e n th e A  gen e i s presen t  i n a 

diploi d cel l  th e cel l  secrete s a n enzym e tha t 

break s dow n th e fructos e (FI G 2B) . 

FIGURE 2 :  POSITIV E REGULAT ION 

B C 

O O O O o< 

2 A 

m 

0 0 0 ^ 

2B 

I n th e secon d phas e o f  th e genetic s 
problem ,  subject s wer e show n ho w t o giv e a 

verba l  protocol .  I n th e thir d phase ,  subject s 
wer e presente d wit h tw o findings  abou t  a  se t 

of  gene s labelle d I ,  O ,  an d P :  Th e enzym e 

producin g gene s secret e a n enzym e whe n ther e 
i s lactos e present ,  an d d o no t  secret e th e 
enzyme whe n ther e i s n o lactose .  Subject s 
wer e aske d t o discove r  ho w th e enzym e 

producin g gene s ar e controlled .  Th e 
presentatio n o f  th e I,P, 0 gene s wa s identica l 

t o th e A,B, C genes .  Th e difference s wer e (i ) 

tha t  ther e wer e differen t  letter s o n th e gene s 

(ii )  th e nutrien t  wa s lactos e rathe r  tha n 
fructose ,  an d (iii )  th e enzym e secrete d wa s 

betagalactosidas e rathe r  tha n delta .  Finally , 

unbeknowns t  t o th e subject ,  ther e wa s a 

differen t  underlyin g mechanis m —negativ e 
regulatio n rathe r  tha n positiv e regulation .  Th e 
subject s hav e t o discove r  tha t  th e I  an d 0 
gene s negativel y regulat e (i.e. ,  inhibit )  th e 
activit y o f  th e enzym e producin g gene s unti l  a 
nutrien t  i s  present .  Subject s mus t  als o lear n 
tha t  th e I  gen e ca n b e presen t  o n eithe r  th e 
mal e o r  femal e chromosome ,  bu t  tha t  th e 0 
gene ca n onl y b e o n th e O  gene . 

Ther e ar e 12 0 possibl e experiment s 

tha t  ca n b e conducte d ( 6 amount s o f  nutrien t  x 
20 geneti c combinations) .  Fo r  a  norma l  Ecoli , 

th e amoun t  o f  enzym e produce d i s hal f 
whateve r  th e amoun t  o f  nutrien t  is .  Th e I  gen e 

mutant s (designate d I -  mutants )  produc e a n 
outpu t  o f  876 ,  an d O -  mutant s produc e a n 
outpu t  o f  527 .  Th e I -  an d O -  mutant s produc e 
thi s amoun t  of  enzym e regardles s o f  th e 

amount  o f  nutrien t  administered .  Thus ,  I -  an d 
O-  nutrient s wil l  produc e enzyme s eve n whe n 
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no nutrien t  i s  administered .  Thi s i s a  stron g 

clu e fo r  negativ e regulatio n bein g involved .  I n 

thi s study ,  th e P  gen e play s n o rol e a t  all . 

Subject s wer e expecte d t o m a k e a 

number  o f  differen t  mapping s fro m bot h th e 

viru s an d th e genetic s domain s durin g th e 

cours e o f  th e experiment .  First ,  ther e shoul d 

be a  mappin g fro m th e positiv e regulatio n 

exampl e give n a t  th e star t  o f  th e genetic s 

problem .  Th e positiv e regulatio n exampl e ha d 

a virtuall y identica l  structur e t o th e targe t 

problem .  Ther e wer e thre e regulato r  genes , 

thre e enzym e producin g genes ,  nutrient s wit h 

simila r  name s (lactos e an d fructose) ,  an d 

enzyme product s tha t  als o hav e simila r  name s 

(bet a an d delta) .  Thus ,  a s i n th e Dunba r 

(1989 )  study ,  i t  w a s expecte d tha t  initia l 

hypothese s woul d b e o f  positiv e regulation . 

Once subject s discove r  tha t  non e o f  th e 

gene s wor k b y positiv e regulatio n ther e shoul d 

be a  searc h o f  th e hypothesi s spac e fo r  anothe r 

mechanism .  Fo r  th e Negative-Viru s group ,  i t 

was expecte d tha t  th e presenc e o f  larg e 

amount s o f  enzym e w h e n eithe r  th e I  o r  O 

gene s wer e mutant s woul d b e equivalen t  t o th e 

situatio n o f  larg e number s o f  viru s bein g 

presen t  whe n Q  wa s absent .  A t  thi s point , 

subject s shoul d mentio n tha t  th e genetic s 

proble m i s lik e th e viru s problem .  Th e subject s 

shoul d the n m a p ove r  th e concep t  o f  negativ e 

regulatio n fro m th e viru s t o th e genetic s 

domain . 

I f  th e viru s proble m i s use d t o hel p 

solv e th e genetic s problem ,  the n i t  coul d occu r 

i n a  numbe r  o f  stages .  First ,  subject s woul d 

hav e t o extrac t  a  representatio n suc h a s X 

inhibit s Y  fro m Q  inhibit s viru s production . 

The n the y shoul d appl y thi s relatio n t o th e 

genetic s problem .  Second ,  eve n wit h thi s 

mapping ,  th e proble m i s no t  solved ;  th e X 

inhibit s Y  relatio n mus t  b e modifie d t o includ e 

tw o gene s ( I  an d O ) ,  an d th e tha t  th e I  an d O 

gene s inhibi t  i n differen t  ways .  Thus ,  subject s 

shoul d retriev e th e X  inhibit s Y  relation ,  an d 

the n modif y i t  (b y experimentation )  t o fi t  th e 

curren t  problem .  Th e genetic s proble m no t  onl y 

involve s a  m e m o r y searc h fo r  hypotheses ,  bu t 

als o a  modificatio n o f  hypothese s t o solv e th e 

problem . 

Result s 

Day 1  (viru s problem) .  Al l  o f  th e 2 0 

subject s i n th e Correlated-Viru s conditio n 

discovere d tha t  th e positiv e non-causa l 

relationshi p betwee n th e amoun t  o f  Q  an d th e 

number  o f  viruses .  Sixtee n o f  th e 2 0 subject s 

i n th e Negative-Viru s grou p discovere d tha t  th e 

dorman t  viru s secrete s a  chemica l  tha t  inhibit s 

viru s reproduction .  Th e fou r  subject s tha t  di d 

not  discove r  negativ e regulatio n conclude d tha t 

ther e wa s a  comple x interactio n o f  chemical s 

tha t  switc h o n reproduction . 

D ay 2  (genetic s problem) .  A s show n i n 

Tabl e 1 ,  fo r  th e No-viru s group ,  7  ou t  o f  2 0 

subject s discovere d tha t  th e I  an d O  gene s 

inhibi t  an d tha t  th e P  gen e play s n o role .  Fo r 

th e correlated-viru s condition ,  th e result s wer e 

almos t  identical :  7  subject s discovere d th e 

role s o f  I ,  O ,  an d P .  Thi s indicate s tha t  th e 

experienc e wit h conductin g viru s experiment s 

o n da y 1  ha d n o beneficia l  effec t  o n 

performance .  Result s fo r  th e Negative-Viru s 

grou p wer e ver y different ;  1 2 o f  th e subject s 

discovere d th e mechanis m o f  geneti c control . 

Thi s indicate s tha t  discover y o f  th e negativ e 

regulatio n o f  viruse s o n da y 1  di d indee d benefi t 

performanc e o n th e genetic s problem . 

Table 1 

Subject s discoverin g genetic s mechanis m 

Conditio n 
No-Viru s 

Correlate d viru s 
Negativ e viru s 

7 (35% ) 

7 (35% ) 
12 (60% ) 

As ca n b e see n fro m Tabl e 2 ,  1 2 o f  th e 

subject s w h o discovere d negativ e regulatio n i n 

th e viru s proble m als o discovere d negativ e 

regulatio n o n th e genetic s problem .  Fou r  o f  th e 

subject s w h o discovere d negativ e regulatio n i n 

th e viru s proble m di d no t  discove r  negativ e 

regulatio n i n th e genetic s problem .  Thes e 

subject s di d mentio n inhibition ,  bu t  als o 

propose d a  positiv e regulatio n mechanism . 

Tabl e 2 

Effect s o f  discoverin g viru s mechanis m o n 

discoverin g genetic s mechanis m 
discove r  genetic s |  mis s genetic s 

discove r  viru s 

mis s viru s 

12 
0 
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Initia l  hypotheses .  I t  i s  possibl e t o 
determin e whethe r  subject s immediatel y sa w i f 

th e mechanis m tha t  the y learne d i n th e viru s 

proble m wa s applicabl e t o th e genetic s proble m 

by examinin g initia l  hypotheses .  Non e o f  th e 

subject s i n th e No-Viru s o r  th e Correlated-Viru s 
condition s initiall y  propose d negativ e 
regulatio n a s a  potentia l  mechanism .  Onl y on e 
of  th e subject s i n th e Negative-Viru s conditio n 
propose d tha t  negativ e regulatio n a s a n initia l 

hypothesis .  Thi s indicate s tha t  subject s initia l 
mapping s wer e no t  fro m th e viru s domain . 
Instead ,  initia l  hypothese s wer e take n fro m th e 
exampl e demonstratin g positiv e regulatio n a t 

th e beginnin g o f  th e genetic s problem . 

Subsequen t  hypotheses .  A s mentione d 
above ,  previou s researc h usin g thi s paradig m 

(Dunbar ,  1989 )  ha s show n tha t  subject s 
discove r  negativ e regulatio n usin g tw o mai n 

strategies .  On e i s b y searchin g memor y fo r  a n 
appropriat e mechanis m an d th e othe r  i s b y 
inducin g th e mechanis m fro m a  serie s o f 

experimenta l  results .  I f  subject s wer e usin g 

th e knowledg e obtaine d fro m th e viru s 
experiment ,  the n subject s shoul d discove r  th e 

concep t  o f  negativ e regulatio n b y a  memor y 
search ,  rathe r  tha n b y inducin g negativ e 
regulatio n fro m a  serie s o f  experimenta l  result s 

We wer e abl e t o categoriz e performanc e 

as memor y searc h b y on e o f  tw o criteria .  On e 
criterio n wa s whethe r  subject s state d tha t  the y 
wer e searchin g memor y fo r  hypothese s o r  tha t 

th e genetic s proble m reminde d the m o f  th e 

viru s problem .  Non e o f  th e subject s i n eithe r 

th e Correlated-Viru s o r  th e Negative-Viru s 
group s mentione d th e viru s experimen t  whil e 
the y wer e workin g o n th e genetic s problem . 

Th e othe r  criterio n wa s i f  o n th e firs t 
experimen t  tha t  wa s inconsisten t  wit h positiv e 
regulation ,  subject s propose d negativ e 
regulation .  Fo r  example ,  whe n a n I-experimen t 

i s conducte d ther e i s a  ver y larg e outpu t  o f 

betagalactosidase .  Thi s resul t  i s  inconsisten t 
wit h positiv e regulation .  Al l  thre e group s o f 
subject s conducte d a n I -  o r  a n O -  experimen t 
as on e o f  thei r  firs t  fou r  experiments .  I n th e 

No-viru s condition ,  4  subject s suggeste d 

negativ e regulatio n afte r  thei r  firs t  I -

experiment .  I n th e Correlate d Viru s conditio n 4 

subject s propose d negativ e regulation .  B y 

contrast ,  1 1 subject s i n th e Negative-viru s 
conditio n propose d negativ e regulatio n . 

Incorrec t  fina l  hypotheses .  I t  i s  als o 

possibl e tha t  th e viru s proble m influence d th e 

type s o f  incorrec t  hypothese s proposed .  I n th e 

No-Viru s conditio n onl y 5  o f  th e 1 3 subject s 
mentione d negativ e regulation .  I n th e 

Correlated-Viru s conditio n 4  o f  th e 1 3 subject s 
mentione d negativ e regulation .  I n th e 

Negative-Viru s conditio n 8  subject s faile d t o 
propos e th e correc t  mechanism .  Th e 4  subject s 
w ho misse d bot h th e viru s an d th e genetic s 
proble m neve r  mentione d inhibition .  Thre e o f 

th e 4  subject s wh o solve d th e viru s proble m 
but  di d no t  solv e th e genetic s proble m 

mentione d negativ e regulation .  Thus ,  al l  bu t 

one o f  th e subject s w h o solve d th e viru s 
proble m propose d som e for m o f  negativ e 
regulatio n i n th e genetic s problem . 

One possibl e explanatio n fo r  th e bette r 
performanc e o f  th e Negative-Viru s grou p coul d 

be tha t  thes e subject s learne d variou s 

experimenta l  skill s  whil e workin g o n th e viru s 
problem .  Th e performanc e o f  th e Correlated -
Viru s grou p doe s no t  suppor t  thi s explanation . 
I f  subject s acquire d knowledg e o f  ho w t o 
conduc t  experiment s durin g th e viru s 

experiment ,  the n bot h th e Correlated-Viru s an d 

Negative-viru s group s shoul d hav e benefitted . 

As onl y th e Negative-viru s grou p showe d 
improve d performance ,  thi s explanatio n seem s 

unlikely . 
Discussio n 

The result s o f  thi s stud y illustrat e th e 
dynami c natur e o f  th e scientifi c  discover y 
process .  Initia l  hypothese s wer e forme d b y 
analogicall y mappin g fro m th e sam e domain . 
W h en initia l  hypothese s wer e disconfirme d 
ther e wa s a  searc h of  memor y fo r  a n 

hypothesi s tha t  coul d accoun t  fo r  th e discrepan t 
results .  Thi s searc h wa s no t  base d o n 

superficia l  feature s o f  th e problem .  Subject s 
searche d fo r  a  mechanis m tha t  coul d accoun t  fo r 
th e curren t  results .  Onc e th e mechanis m o f 
negativ e regulatio n ha d bee n retrieve d i t  ha d t o 

be modifie d t o fit  th e curren t  context . 
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Subject s i n th e Negative-Viru s conditio n 
di d no t  appea r  t o discove r  negativ e regulatio n 
by analogica l  mappin g fro m th e viru s domain .  I f 

subject s wer e mappin g knowledg e ove r  fro m 

th e viru s domain ,  the n ther e shoul d hav e bee n 

a referenc e i n th e verba l  protocol s t o th e viru s 
domai n prio r  t o proposin g a n inhibitor y 

mechanism .  Non e o f  th e subject s mad e an y 

referenc e t o th e viru s domain .  Furthermore ,  a t 

th e en d o f  th e experimen t  al l  subject s wer e 
aske d whethe r  the y ha d though t  o f  th e viru s 

experimen t  whil e workin g o n th e genetic s 

problem .  Al l  th e subject s claime d tha t  the y ha d 

not  though t  o f  th e viru s experiment .  W h e n 
aske d i f  the y though t  tha t  th e viru s proble m 

had helpe d the m o n th e genetic s proble m 
almos t  al l  subject s state d tha t  th e experienc e 
wit h th e genetic s proble m helpe d the m desig n 

bette r  experiments .  However ,  th e fac t  tha t  th e 
performanc e o f  th e subject s No-Viru s conditio n 
was virtuall y identica l  t o tha t  o f  th e subject s i n 
th e Correlated-Viru s conditio n indicate s tha t 
experienc e wit h th e viru s proble m pe r  se .  ha d 
no effec t  o n experimenta l  strategies .  I n sum , 
thes e result s appea r  t o indicat e tha t  ther e i s n o 
direc t  mappin g fro m th e viru s t o th e genetic s 
problem . 

The fac t  tha t  subject s mad e n o explici t 
mappin g fro m th e viru s t o th e genetic s proble m 

was surprising .  Mos t  theorie s o f  analogica l 
reasonin g assum e tha t  whe n mappin g occurs ,  i t 
i s  a  consciou s activit y tha t  occur s b y searchin g 
memory fo r  a  matc h betwee n th e targe t 
proble m an d othe r  possibl y relevan t  mappings . 
The result s o f  thi s stud y sugges t  a  differen t 
mechanism :  Th e viru s proble m ma y hav e 
prime d th e concep t  o f  negativ e regulation . 
When th e subject s discovere d tha t  th e 
mechanis m wa s no t  on e o f  positiv e regulation , 
the y engage d i n a  memor y search .  Th e memor y 

searc h finds  negativ e regulatio n becaus e i t  ha s 
been prime d b y th e viru s problem .  Thi s primin g 
mechanis m woul d accoun t  fo r  th e fac t  tha t  (a ) 
subject s initia l  hypothese s wer e no t  concerne d 
wit h negativ e regulation ,  an d (b )  n o evidenc e o f 
an explici t  mappin g fro m th e viru s t o th e 
genetic s domai n appeare d i n th e protocols . 

A numbe r  o f  mechanism s coul d hav e 
produce d th e result s obtaine d i n thi s study . 

One i s primin g o f  a  pre-existin g knowledg e 

structure .  Chen g an d Holyoa k (1986) ,  an d 
Fong an d Nisbet t  (1989 )  hav e propose d tha t 

ther e ar e a  numbe r  o f  wel l  ingraine d concept s i n 

memory tha t  the y hav e labelle d 'pragmati c 

reasonin g schemas. '  A  concep t  suc h a s 

negativ e regulatio n coul d b e on e o f  thes e type s 
of  schemas .  I n th e curren t  study ,  solvin g th e 
viru s proble m ma y hav e prime d th e concep t  o f 
negativ e regulation ,  makin g i t  mor e likel y t o b e 
retrieve d whil e solvin g th e genetic s problem . 

I f  th e prio r  learnin g episod e prime s a 
concep t  tha t  i s  alread y presen t  i n memory ,  the n 

i t  suggest s tha t  thi s knowledg e structur e 

primin g wil l  occu r  onl y fo r  concept s tha t  ar e 
represente d i n memor y prio r  t o participatio n i n 
th e experiment .  However ,  studie s o f  implici t 
learnin g (cf .  Reber ,  1989 )  hav e discovere d tha t 
when subject s observ e a  numbe r  o f  instance s 
tha t  follo w a  rule ,  the y for m a n abstrac t 
representatio n o f  th e rul e tha t  i s  no t  tie d t o th e 
particula r  contex t  unde r  whic h th e rule '  wa s 
learned .  A  simila r  typ e o f  learnin g ma y hav e 

occurre d i n thi s study .  B y learnin g throug h 
experimentation ,  subject s ma y hav e acquire d 
an abstrac t  concep t  tha t  i s  missin g th e 
contextua l  informatio n abou t  ho w th e concep t 
was acquired .  Whe n workin g o n th e genetic s 
proble m thi s abstrac t  representatio n ma y hav e 
been accesse d an d use d t o solv e th e problem . 
As th e concep t  ha d n o contextua l  informatio n 
associate d wit h it ,  n o reminding s occurred .  W e 
ar e currentl y investigatin g thi s hypothesis. . 

Finally ,  w e ca n no w provid e a  mor e 
dynami c accoun t  o f  th e heuristic s governin g 
hypothesi s spac e searc h i n S D D S.  Firs t  ther e 
i s a  searc h fo r  a n hypothesi s tha t  ca n accoun t 
fo r  a n instanc e tha t  ha s simila r  feature s t o th e 
targe t  problem .  Thes e initia l  hypothese s ca n 
be base d upo n th e superficia l  feature s o f  th e 
targe t  proble m an d als o upo n wha t  littl e i s 

known abou t  th e dee p structur e feature s o f  th e 
proble m (cf .  Farie s &  Reiser ,  1988) .  Second ,  i f 
thi s searc h i s successful ,  the n th e hypothesi s 
i s tested .  Third ,  i f  th e hypothesi s fail s  th e test , 
the n ther e i s a  searc h fo r  othe r  potentia l 
hypotheses ,  i f  non e ar e foun d ther e i s a n 

attemp t  t o modif y th e initia l  hypothesi s t o 
accommodat e th e data .  Thi s late r  searc h i s 
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qualatitivel y differen t  fro m th e firs t  search ; 

subject s no w hav e mor e knowledg e of  th e 
targe t  proble m an d ca n searc h fo r  a n underlyin g 

mechanis m rathe r  tha n a  matc h fo r  superficia l 

features .  W h e n a  mechanis m i s bein g 

searche d for ,  th e curren t  stat e o f  activatio n o f 
al l  mechanism s i n memor y wil l  determin e 
whic h mechanism s wil l  b e retrieved .  If ,  a s i n 

th e curren t  study ,  a  mechanis m ha s bee n 
prime d b y a  prio r  problem ,  the n i t  wil l  b e 

retrieved . 
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