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ABSTRACT 

I n scientifi c  researc h a s wel l  a s i n everyda y reasoning ,  peopl e ar e pron e t o a  'confirmatio n 
bias' ,  i.e .  the y ten d t o selec t  test s tha t  fi t  th e theorie s o r  belief s the y alread y entertain .  Thi s 

tendenc y ha s bee n criticize d b y philosopher s o f  scienc e a s no t  optimal .  Th e behavio r  ha s 

bee n studie d i n a  variet y o f  psychologica l  experiment s o n controlled ,  small-scal e simula -

tion s o f  scientifi c  research .  Applyin g elementar y information-theor y t o sequentia l  testin g 

durin g rul e discovery ,  thi s pape r  show s tha t  th e biase d strateg y i s no t  necessaril y  a  ba d 

one ,  moreover ,  tha t  i t  reflect s a  health y propensit y o f  th e subjec t  (o r  researcher )  t o optimiz e 

th e expecte d informatio n o n eac h trial . 

INTRODUCTION 

Th e standar d scientifi c  pape r  back s u p th e presente d theor y wit h corroboratin g evidence ,  an d doe s 

not  discus s a t  lengt h findings  tha t  coul d falsif y  it .  Thi s doe s no t  reflec t  a  dishonest y o n th e par t  o f 

th e scientis t  bu t  primaril y tha t  sh e foun d wha t  sh e wa s lookin g for :  onc e a  theor y take s shape ,  th e 

scientis t  i s pron e t o loo k fo r  evidenc e tha t  confirm s rathe r  tha n disconfirm s th e predictions .  I t  ha s 

long  bee n observe d tha t  i n scientifi c  researc h a s wel l  a s i n everyda y reasonin g peopl e ten d t o tes t 

case s tha t  confir m thei r  currentl y hel d hypothese s o r  beliefs .  Thi s tendenc y i s calle d 'confirmatio n 

bias' ,  bu t  i s actuall y a n aggregat e o f  severa l  distinc t  phenomena .  Asid e fro m behavio r  durin g rule -

discovery ,  i t  range s fro m biase d reasonin g i n inferenc e tasks ,  suc h a s Wason' s four-car d proble m 

[Waso n &  Johnson-Laird ,  1972] ,  t o bia s i n socia l  perceptio n a s studie d b y Snyde r  an d S w a n n 

[1978] .  I t  no t  onl y turn s u p i n learnin g situations ,  bu t  i t  i s als o a n importan t  facto r  i n th e persever -

anc e o f  belief s afte r  evidentia l  discreditin g [Ross ,  Lepper ,  Hubbard ,  1975 ;  Hoenkamp ,  1987] . 

Thi s pape r  use s th e ter m t o mea n th e strategie s peopl e us e t o discove r  a  rul e governin g a  se t  o f 

data .  A  thoroug h analysi s o f  th e phenomeno n fro m a  Bayesia n perspectiv e ca n b e foun d i n 

[Klayma n &  Ha ,  1987] ,  whic h contain s som e fine  point s no t  mentione d i n th e presen t  article . 

Anothe r  Bayesia n approac h i s [Fischhof f  &  Beyth-Marom ,  1983] ,  whic h emphasize s shortcom -

ing s i n hypothesi s evaluation .  Sinc e philosopher s o f  scienc e suc h a s Poppe r  [1962 ]  an d Piat t 

[1964 ]  stres s th e importanc e o f  seekin g disconfirmation ,  ther e seem s t o b e a  discrepanc y betwee n 

what  peopl e actuall y  do ,  an d wha t  the y ough t  t o do .  Thi s pape r  use s a  measur e o f  informatio n t o 

asses s condition s fo r  th e appropriatenes s o f  thes e competin g strategies . 

EXPERIMENTS ON RULE DISCOVERY 

W a s on [1960 ]  designe d a n experimen t  t o stud y h o w peopl e behav e whe n thei r  belief s abou t  a  rul e 

ar e corroborated .  Subject s wer e tol d tha t  the y ha d t o gues s a  rul e governin g a  numbe r  triple ,  an d 

tha t  2-4- 6 conforme d t o thi s rule .  The y wer e t o figure  ou t  thi s rul e b y proposin g othe r  numbe r 

triples .  Afte r  eac h on e th e experimente r  woul d tel l  whethe r  i t  conforme d t o th e rule .  I f  th e subjec t 

announce d a  rule ,  th e experimente r  woul d tel l  he r  whethe r  i t  wa s correct .  Th e rul e th e experimente r 

had i n min d wa s 'increasin g numbers' . 

The following protocol typifies the trend of subjects to generate number triples expected to confirm 

thei r  hypothese s [Waso n &  Johnson-Laird ,  1972] .  Th e '-I- '  o r  '- '  i s  use d b y th e experimente r  t o 

indicat e correctness . 
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2-4-6 (+) given. 8-10-12 (+) two added each time. 14-16-18 (+) even numbers in order of magnitude. 20-22-24 
(+ )  sam e reason .  1-3- 5 (+ )  tw o adde d tw o precedin g number .  Announcement :  'startin g wit h an y numbe r  tw o i s 
added eac h time '  (incorrect) .  2-6-1 0 (+ )  middl e numbe r  i s arithmeti c mea n o f  othe r  two .  1-50-9 9 (+ )  sam e reason . 
Announcement :  'middl e numbe r  i s  th e arithmeti c mean '  (incorrect) .  3-10-1 7 (+ )  sam e number ,  seven ,  adde d eac h 
time .  0-3- 6 (+ )  thre e adde d eac h time .  Announcement :  'th e differenc e betwee n tw o number s nex t  t o eac h othe r  i s 
th e same '  (incorrect) .  12-8- 4 (- )  sam e numbe r  subtracte d eac h time .  Announcement :  'addin g a  number ,  alway s th e 
same one '  (incorrect) .  1-4- 9 (+ )  an y thre e number s i n orde r  o f  magnitude .  Announcement :  'an y thre e number s i n 
orde r  o f  magnitude '  (correct) . 

Thi s experimen t  ha s bee n repUcate d m a n y times  wit h simpl e t o vei y intricat e valuations .  S o m e re -

searcher s trie d t o induc e a  tendenc y t o falsif y [Mynat t  e t  al. ,  1977 ;  Twene y e t  al. ,  1982] ,  o r  use d a 

broade r  rul e [Gorma n &  Gorman ;  1984] .  Other s worke d wit h group s [Gorman ,  Gorman ,  Latta , 

Cunningham ,  1984] .  Domain s othe r  tha n numbe r  triple s hav e bee n used ;  Mynat t  e t  al .  [1977 ] 

simulate d a  univers e o n a  compute r  screen ,  wher e subject s ha d t o fin d th e rule s tha t  governe d th e 

deflectio n o f  particle s nea r  objects .  Ker n [1982 ]  use d a n imaginar y planet ,  an d subject s ha d t o lo -

cat e th e plac e wher e creature s landin g o n th e plane t  woul d sta y alive .  T im e an d time  agai n th e tend -

enc y t o confir m showe d up .  A n d i t  seem s representativ e fo r  scientists '  actua l  behavior ,  a s wa s 

foun d b y Mitrof f  [1974 ]  w h o interviewe d scientist s a t  N A S A befor e th e first  Apoll o m o o n landing . 

Give n tha t  thi s proclivit y i s s o pervasive ,  th e questio n is :  ar e peopl e reall y doin g i t  th e wron g way ? 

T o find  a n answe r  w e hav e t o investigat e if ,  o r  unde r  wha t  circumstances ,  ther e exist s a n optima l 

tes t  strategy . 

CHOOSING AN OPTIMAL TEST STRATEGY 

Ther e ar e a t  leas t  tw o way s i n whic h a  strateg y fo r  sequentia l  testin g coul d b e optima l  [Twene y e t 

al. ,  1981] .  T o decid e whic h o f  tw o strategie s i s optimal ,  on e coul d tak e th e on e tha t  bes t  complie s 

wit h a n establishe d criterio n fo r  rationality ,  suc h a s Popper' s falsificatio n principle .  O r  on e coul d 

opt  fo r  th e mos t  efficien t  on e (i n term s o f  time,  mone y etc.) .  Th e tw o criteri a ar e independent ,  bu t 

i f  th e mos t  efficien t  strateg y turn s ou t  th e mor e successfu l  o n average ,  th e establishe d criterio n i s 

immaterial .  Bu t  h o w ca n w e quantif y th e efficienc y o f  a  strategy ? I  defin e a  strateg y t o b e th e mos t 

efficien t  i f  th e expecte d cos t  o f  testin g i s minimal .  I f  ever y tes t  cost s th e same ,  ou r  goa l  woul d b e 

t o minimiz e th e numbe r  o f  tests .  Consequently ,  w e wan t  eac h tes t  t o b e a s informativ e a s possible . 

But  wait ,  informativ e a s possibl e fo r  wha t  purpose ? 

Suppos e a  subjec t  i n Wason' s tas k propose s a  tripl e 10-12-1 4 t o tes t  'subsequen t  eve n numbers' . 

W a s on see s thi s a s a  confirmator y strategy .  Th e concep t  i s confusin g however :  th e tripl e confirm s 

th e subject' s  rule ,  bu t  i t  coul d disconfir m th e experimenter' s rule .  I n hi s criticis m o f  Wason , 

Wetheric k [1962 ]  use s th e ter m positiv e tes t  fo r  thi s case .  A  tripl e 1-3- 5 t o tes t  'subsequen t  eve n 

numbers '  woul d the n b e a  negativ e test ,  whic h i n contras t  coul d b e confirme d b y th e experimenter . 

I  wil l  cal l  a  positiv e tes t  strateg y on e tha t  relie s o n positiv e testin g t o investigat e a  hypothesi s 

(analogousl y fo r  'negativ e tes t  strategy') .  K layma n an d H a [1987] ,  usin g th e sam e distinction ,  in -

vestigat e whic h strateg y ha s th e highes t  probabilit y  o f  falsifyin g th e hypothesis .  Thi s i s muc h i n 

lin e wit h Popper' s [1962 ]  principl e t o striv e fo r  falsification :  accumulatin g confirmator y evidenc e 

canno t  prov e a  theor y correct ,  bu t  on e falsificatio n i s enoug h t o sho w th e theor y i s incorrect . 

However ,  a s othe r  philosopher s hav e show n [Kuhn ,  1970 ;  Feyerabend ,  1975] ,  scientist s wil l  no t 

abando n thei r  theories ,  bu t  instea d m a k e change s t o thei r  theorie s tha t  wil l  accoun t  fo r  th e ne w 

findings .  T o understan d thi s behavior ,  w e shoul d no t  loo k fo r  tes t  strategie s tha t  ar e mos t  likel y t o 

sho w a  theor y i s flawed .  Instead ,  w e shoul d loo k fo r  on e tha t  show s wher e th e flaws  ar e located , 

so a s t o m a k e optima l  changes .  I  wil l  sta y wit h th e concept s o f  positiv e an d negativ e tes t  strategies , 

but  compar e the m no t  b y thei r  probabilit y  t o falsify ,  bu t  b y th e informatio n the y provid e pe r  test . 
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Figur e 1 .  Tw o example s o f  sequentia l  testing ,  a .  Nin e coins ,  on e o f  whic h i s lighte r  o r  heavie r  tha n th e 
others .  Determin e thi s on e i n th e leas t  numbe r  o f  weighings ,  b .  Fo r  th e give n thre e multiplier s an d tw o 
adders ,  mak e th e minimu m numbe r  o f  measurement s t o determin e th e malfunctionin g component(s) . 

INFORMATION C O N T E NT O F A  TES T 

T o measur e th e informatio n conten t  o f  a  test ,  I  wil l  borro w concept s from  informatio n theory .  W e 

denot e th e possibl e outcome s a i  o f  a n experimen t  wit h thei r  probabilitie s p i  a s th e finit e schem e A : 

ai  a 2 .. .  a n 

Lp i  P 2 ...p n J 
,  e.g .  fo r  a  'tru e die '  th e schem e woul d b e 

1 2 3 4 5 6 

1iiiii 
• - 6 6 6 6 6 6 -

The informatio n containe d i n suc h a  schem e i s calle d entropy .  Fo r  th e finit e schem e A  above ,  th e 
entrop y i s define d as : 

n 

H(P1 ,  p2,-,Pn )  =  -  5^Pi*log(pi ) (xl ) 

i= l 

The entrop y ca n b e viewe d a s th e uncertaint y take n awa y afte r  th e outcom e o f  th e experimen t  be -
comes known .  Consequentiy ,  i f  on e o f  th e probabilitie s i s 1 ,  th e entrop y i s 0 ,  sinc e i n tha t  cas e th e 

outcom e i s certain .  N o w ,  i f  a  choic e ca n b e m a d e amon g severa l  differen t  schemes ,  th e on e wit h 

m a x i m u m entrop y reduce s th e mos t  uncertainty .  Figur e 1  show s tw o application s o f  thi s ide a t o 

sequentia l  testing .  Fo r  example ,  i n figure  l a th e choic e i s amon g th e number s o f  coin s t o b e pu t  i n 

eac h pan .  (Fo r  example ,  t o maximiz e th e entrop y o n th e first  step ,  on e ha s t o pu t  3  coin s i n eac h 

pan) .  Anothe r  exampl e i s th e proposa l  b y D e Klee r  an d William s [1987 ]  fo r  diagnosin g multipl e 

fault s i n electroni c circuit s (se e figure  lb) . 

The concrete examples above can be generalized to optimizing test strategies in general. Suppose a 

scientis t  (o r  a  subject )  generate s a n hypothesi s t o describ e phenomen a i n som e domai n D .  Le t  u s 

denot e th e intende d phenomen a a s T  (target) ,  an d th e se t  describe d b y th e hypothesi s a s H .  Figur e 

2 show s th e fou r  possibl e location s o f  a  n e w observation .  Th e figure  depict s th e genera l  case ,  bu t 

th e reade r  ca n thin k o f  th e 2-4- 6 tas k a s a n example . 

The black arrows show that the new observation may end up in either H n T, in which case the 

hypothesi s i s corroborated ,  o r  i n H  n  T^ ,  an d the n th e hypothesi s i s falsified .  Th e positiv e an d 

negativ e strategie s ca n b e represente d a s th e followin g scheme s fo r  som e p"* "  an d p" : 
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Figur e 2 .  Th e place s wher e th e ne w observatio n ma y lie .  H  an d T  ar c th e hypothesize d se t  an d th e targe t  se t 
i n domai n D .  Th e blac k an d gre y arrow s indicat e th e positiv e an d negativ e tes t  strategie s respectively . 

S+ = 
H n T H n T C 

"- p+ 1-P+ -» 
and S '  = 

H C nT HCnT C 

'- P" 1-P" 

The p + an d p '  ca n thu s b e writte n a s th e conditiona l  probabilitie s p + =  P(T/H) ,  an d p "  =  P(T/Hc) , 

wit h H' ^  t o denot e th e complemen t  o f  H .  I n comparin g bot h strategies ,  a  fe w qualitativ e remark s 
can b e made .  First ,  a  schem e ma y contai n n o informatio n a t  all ,  namel y i f  on e o f  th e probabilitie s 

equal s 1  (sinc e the n th e outcom e i s certain) .  Thi s i s th e cas e i f  p + o r  p '  equa l  1  o r  0 .  Bu t  note ,  ther e 

i s a n overla p betwee n H  an d T  containin g th e element(s )  o f  T  use d t o formulat e H  i n th e first  place . 

Thi s leave s p'= 0 an d p+= l  t o consider .  I f  p"= 0 the n H  include s T .  I n othe r  word s i f  th e hypothesi s 

i s to o general ,  a  positiv e strateg y i s mor e efficien t  tha n a  negative .  Fo r  p'''=l ,  T  contain s H ,  an d s o 

i n tha t  cas e a  negativ e strateg y i s bette r  (w e wil l  c o m e bac k t o this) . 

A second observation is that both strategies contain the same maximum information (of 1 bit). 

H(S ' )  depend s o n p" ,  an d thu s o n th e siz e o f  th e domain ,  wherea s H ( S )  depend s o n th e overla p 

of  H  an d T  onl y .  Al l  i n all ,  i t  m a y b e tha t  th e positiv e strateg y i s no t  a s ba d a s i t  migh t  hav e 

looked .  H o w goo d o r  ba d i t  i s quantitatively ,  wil l  b e discusse d i n th e nex t  section . 

COMPARING THE INFORMATION CONTENT OF BOTH STRATEGIES 

T o investigat e unde r  precisel y whic h circumstance s a  positiv e strateg y i s th e mor e efficient ,  i.e . 

produce s th e mos t  informatio n pe r  test ,  th e followin g inequalit y ca n b e solved : 

K(S"^) > H(S") 

according to definition (xl) this means that 

-(p+ * log(p+) + (1-P+) * log(l-p+)) > -(p- * log(p-) + (1-p-) * log(l-p-)) 

Using the property that p*log p + (l-p)*log (1-p) is a convex function on [0,1] symmetric around 

. 5 thi s simplifie s t o p '  <  p"* "  <  1-p' ,  o r  equivalentl y 

^ > 1 (x2) 
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and 

p+ + p- < 1 (x3) 

Let' s tak e a  close r  loo k a t  (x2) .  Accordin g t o Bayes '  rule ,  updatin g th e probabilit y  o f  a  hypothesi s 
H upo n receivin g datu m T  satisfie s 

P(H/T) _ P(T/H) ^ P(H) 

P{Vf m P(T/HC )  P(HC ) 

Writing out the fraction in formula (x2) as P(T/H)/P(T/HC) shows it is the likelihood ratio (the sec-
on d term )  i n Bayes '  rule .  I f  thi s rati o i s greate r  the n 1 ,  th e datu m i s calle d diagnostic .  S o t o 

rephras e formul a (x2) :  fo r  a  positiv e strateg y t o b e optimal ,  th e targe t  element s mus t  b e diagnosti c 

fo r  th e hypothesis .  A t  th e en d o f  th e pape r  I  wil l  retur n t o th e relativ e merit s o f  bot h conditions . 

Nois y data .  Th e experiment s tha t  m a k e u p mos t  o f  th e literature ,  ar e base d o n error-fre e feed -

back .  Outsid e th e laborator y th e situatio n i s ofte n fa r  fro m tha t  ideal .  Doe s thi s hav e a n influenc e 

on whic h strateg y shoul d b e preferred ? I n th e rule-discover y task s discusse d her e i t  mean s tha t  th e 

subjec t  receive s a  'correct '  wher e a n 'incorrect '  woul d b e i n plac e an d vic e versa .  I n th e presenc e 

of  error ,  a  strateg y ha s t o b e chose n tha t  maximize s informatio n pe r  tes t  o n average .  I n term s o f  in -

formation-theor y wha t  w e hav e i s a  nois y channe l  o f  a  particula r  Jdn d ( a binar y symmetri c channel ) 

ove r  whic h th e feedbac k i s sent .  Give n tha t  enoug h test s ca n b e performe d an d tha t  th e error-rat e i s 

les s tha n .5 ,  th e actua l  feedbac k ca n b e recovere d (usin g a n optima l  codin g scheme) .  Interestingl y 

enough ,  unde r  thes e circumstance s th e schem e tha t  maximize s th e informatio n i n th e error-fre e cas e 

als o maximize s th e averag e informatio n i n th e presenc e o f  error .  I t  follow s tha t  th e inequalitie s (x2 ) 

and (x3 )  remai n valid . 

I t  shoul d b e note d tha t  formul a (xl )  ca n b e derive d fro m thre e ver y simpl e an d plausibl e axiom s 

[Khinchin ,  1957] ,  suc h a s tha t  addin g impossibl e event s t o th e schem e doesn' t  chang e th e en -

trop y i .  S o th e result s i n thi s pape r  depen d onl y o n th e acceptanc e o f  thos e axioms ,  an d th e cos t 

functio n fo r  sequentia l  testing .  Yet ,  a s th e nex t  sectio n wil l  show ,  severa l  interestin g psychologica l 

finding s ca n b e easil y understoo d thi s way . 

APPLICATIONS OF THE THEORY TO EXPERIMENTAL FINDINGS 

Recal l  tha t  w e ar e talkin g abou t  task s i n whic h successiv e test s ar e neede d fo r  a  discovery ,  an d tha t 

reducin g th e numbe r  o r  th e cos t  o f  test s i s achieve d b y choosin g a  strateg y tha t  maximize s th e en -

trop y o n eac h trial .  W e shal l  n o w se e h o w a n assorte d sampl e o f  observation s ca n b e explaine d i n 

thi s manner^ . 

Wason's 2-4-6 induction task. As we saw before, in this task, the subject starts with a 

hypothesi s (subsequen t  eve n numbers )  tha t  i s a  subse t  o f  th e experimenter' s rul e (increasin g 

numbers) .  I n thi s cas e P(T/H)=l=p''" ,  s o tha t  inequalit y (x3 )  i s no t  satisfied ,  an d therefor e a 

negativ e strateg y i s b e preferable .  Thi s i s exactl y wha t  th e experimen t  showed . 

T h e 'firs t  confir m late r  disconfirm '  strateg y [e.g .  G o r m a n &  Gorman ,  1984] .  I n rule -

discover y tasks ,  th e successfu l  subjec t  usuall y start s wit h a  positiv e strategy ,  an d late r  shift s 

mor e t o a  negativ e strategy .  Suppos e a  se t  C  o f  observation s ha s bee n confirme d fo r  hypoth -

^The othe r  tw o are :  th e entrop y i s maxima l  i f  al l  probabilitie s ar e equal ,  an d th e entrop y o f  tw o scheme s equal s 
th e entrop y o f  th e firs t  plu s th e expectatio n o f  th e secon d give n th e outcom e o f  th e first . 

^Which only shows how difficult it is to exorcise confirmation bias. 
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esis H. If the tester is not simply replicating observations, the p+ has then decreased^ namely 

fro m th e initia l  P(T/H )  t o P(T/H-C) ,  whil e p "  remain s th e same .  Afte r  a  whil e inequalit y (x2 ) 
wil l  no t  b e fulfille d an y longe r  a t  whic h poin t  th e teste r  shoul d switc h t o a  negativ e strategy . 

The 'win-stay, lose-shift' strategy. Studies in concept identification have shown that 

onc e learner s hav e a  hypothesi s abou t  reinforce d responses ,  the y wil l  stic k t o tha t  hypothesi s 

eve n i f  late r  othe r  response s ar e als o reinforced .  Th e hypothesi s i s change d onl y i f  falsifyin g 

informatio n i s encountere d [Trabass o &  Bower ,  1968] .  Th e rul e canno t  b e tru e i n general . 

Th e m a x i m u m entrop y fo r  S"* "  occur s fo r  p+=.5 .  A n d a s w e hav e see n jus t  before ,  p"* "  de -

crease s fo r  a n S"*" ,  s o th e suggestio n i s justifie d i f  p + >  .5 ,  i.e .  i f  mor e tha n hal f  th e hypothe -

si s se t  i s  i n th e target .  Indeed ,  thi s restrictio n hold s i n th e case s discusse d b y Trabass o an d 

B o w er  [1968] . 

Positive strategies work better for groups. Condition (x2) states that for a positive 

strateg y t o wor k th e targe t  element s mus t  b e diagnosti c fo r  th e hypothesis .  Ther e i s consider -

abl e literatur e abou t  people' s neglec t  i n usin g th e likelihoo d rati o i n evaluatin g probabilitie s 

[Kahneman ,  Slovic ,  Tverski ,  1982] .  However ,  Trop e an d Basso k [1982 ]  showe d tha t  diag -

nosticit y i s a  majo r  determinan t  i n people' s preferenc e fo r  a  particula r  information-gatherin g 

strategy .  Tha t  is ,  i f  give n th e opportunit y t o compare ,  the y op t  fo r  th e hypothesi s wit h th e 

highes t  diagnosticity .  S o on e ca n expec t  i f  a  grou p o f  people ,  suc h a s a  scientifi c  team ,  gen -

erate s variou s hypotheses ,  th e on e wit h highes t  diagnosticit y wil l  b e recognized .  I n tha t  cas e i t 

seems probabl e tha t  on e satisfyin g (x2 )  wil l  occur ,  an d therefor e wil l  prevail .  Indeed ,  group s 

usin g positiv e strategie s ar e bette r  i n a  rule-discover y task ^  tha n individual s [Gorman , 

G o r m a n ,  Latta ,  Cunningham ,  1984] . 

A negative strategy doesn't work if the rule is too general. If T grows to cover a 

large r  par t  o f  D ,  H(S ' )  decreases .  I n othe r  words ,  i f  th e rul e become s mor e genera l  th e nega -

tiv e strateg y wil l  giv e les s an d les s informatio n pe r  trial .  Thi s m a y explai n th e rindin g o n a 

variatio n o f  th e 2-4- 6 task .  Go rma n an d Go rma n [I984 J use d tw o mor e genera l  rule s beside s 

th e 'ascendin g numbers' ,  namel y 'a t  leas t  on e eve n number '  an d 'n o tw o number s ca n b e th e 

same' .  The y indee d foun d tha t  eve n subject s w h o wer e encourage d t o us e S '  wer e no t  suc -

cessfu l  i n discoverin g th e rule . 

Feedbac k i n th e presenc e o f  noise .  I n mos t  experiment s th e feedbac k i s error-free .  Bu t  a s 

mentione d before ,  condition s (x2 )  an d (x3 )  remai n vali d i n th e presenc e o f  error ,  i f  th e subjec t 

(o r  researcher )  i s  allowe d t o perfor m m a n y tests .  T w o thing s chang e subject' s behavior ,  how -

ever .  First ,  th e informatio n pe r  tes t  i s lower ,  s o mor e test s hav e t o b e performed .  Second ,  a n 

optima l  codin g schem e require s tha t  test s hav e t o b e replicated .  Give n tha t  a  positiv e strateg y 

i s appropriate ,  thi s shoul d induc e lon g stretche s o f  positiv e tests .  Ker n tl9S2 ]  aske d subject s 

t o partak e i n a  compute r  simulatio n wher e creature s ha d t o b e place d o n a n imaginar y planet . 

The y ha d t o discove r  a  lin e o n on e o f  whic h side s th e creature s died .  Sh e foun d tha t  i f  th e 

feedbac k wa s rando m o n a  proportio n o f  th e trials ,  a  stron g positiv e testin g tendenc y ensued . 

A stron g tendenc y t o replicat e wa s foun d i n [Gorman ,  1986] ,  confirmin g th e nee d fo r 

replication s i n th e fac e o f  noise . 

K l a y m a n a n d Ha' s approach .  I n th e Bayesia n approac h take n b y K layma n an d H a [1987] , 

th e preferre d strateg y i s th e on e mos t  likel y t o falsif y th e hypothesize d prediction .  I n thei r 

formalizatio n thi s mean s tha t  th e positiv e strateg y i s preferabl e precisel y i f  P(Tc/H )  >  P(T/Hc) , 

1 Excep t  fo r  th e degenerat e cas e wher e Pc=l -

^TTie task was "Eleusis' in which a rule governing the appearance of playing cards had to be discovered. 
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i.e. 1-P(T/H) > P(T/HC), which is equivalent to inequality (x3). Klayman and Ha show that 
th e inequalit y hold s unde r  realisti c  circumstances .  I n othe r  words ,  people' s positiv e strateg y i s 
ver y ofte n appropriate .  Thei r  approach ,  however ,  misse s inequalit y  (x2) ,  an d thu s leave s un -
explaine d th e phenomen a mentione d abov e tha t  depen d o n it .  I n addition ,  (x3 )  didn' t  hav e t o 
be postulated ,  i t  follow s automaticall y unde r  th e plausibl e assumptio n tha t  a  goo d strateg y opt -
imize s th e cos t  o f  sequentia l  testing .  I t  woul d b e interestin g t o desig n a n experimen t  wher e 
(x3 )  holds ,  an d (x2 )  doesn't .  Th e predictio n i s tha t  a  positiv e strateg y woul d giv e th e highes t 
probabilit y  fo r  falsification ,  wherea s a  negativ e on e woul d produc e th e bes t  informatio n t o 
chang e th e theory . 

CONCLUSION 

Thi s pape r  compare d people' s actua l  behavio r  i n a  rul e discover y task s wit h th e behavio r  the y 
shoul d exhibi t  accordin g t o som e cano n o f  rationality .  I t  di d s o b y describin g people' s discover y 
behavio r  a s sequentia l  testin g fo r  whic h th e tota l  cos t  o f  th e trial s ha s t o b e optimized .  Th e pape r 
showed tha t  unde r  tha t  criterion ,  an d give n realisti c  circumstances ,  a  positiv e strateg y i s ofte n th e 
best  one .  Th e derive d condition s wer e show n t o explai n th e degre e t o whic h peopl e ar e successfu l 
i n rule-discover y task s i n a  spectru m o f  experimenta l  settings .  A t  th e sam e tim e the y ma y sugges t 
variation s o n th e tas k (suc h a s changin g th e diagnosticit y o f  th e target) . 

Little attention has been paid in the psychological literature to other strategies of inquiry (but see 
[Tukey ,  1986 ]  fo r  a n exception) .  Th e nex t  ste p i n thi s researc h therefor e i s t o analyz e th e relativ e 
merit s o f  suc h strategie s i n th e wa y i t  wa s don e i n th e presen t  pape r  fo r  positiv e an d negativ e 
strategies .  I f  thi s als o lead s t o th e formulatio n o f  ne w condition s (analogou s t o (x2 )  an d (x3)) ,  thi s 
may sugges t  experiment s tha t  she d additiona l  ligh t  o n people' s mode s o f  inquiry . 
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