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W h en hal f  righ t  i s  no t  hal f  bad : 

Hypothesi s testin g unde r  condition s o f  uncertaint y an d complexit y 

Joshua Klayman 

Center for Decision Research 

Graduat e Schoo l  o f  Business ,  Universit y o f  Chicag o 

Analyse s o f  scientifi c  reasoning ,  fro m 

compute r  simulatio n (e.g. ,  Langle y e t  al. , 

1987 )  t o biographica l  analyse s o f  famou s 

scientist s (e.g. ,  Tweney ,  1985) ,  ofte n rel y 

on a  prototypica l  mode l  o f  th e har d sciences , 

especiall y physics .  O n th e basi s o f  thi s 

prototype ,  scientifi c  inquir y ha s usuall y 

been modele d i n term s o f  th e discover y o f 

laws ,  lik e Newton's ,  Boyle' s o r  Ohm's--th e 

kind s o f  simpl e formula e learne d i n introduc -

tor y scienc e classes .  Althoug h simple ,  eac h 

la w explain s a  broa d clas s o f  event s o r 

relations .  Thes e law s hav e exception s an d 

complications ,  especiall y i n exoti c conditions , 

but  basically ,  F  =  m a fo r  al l  kind s o f  masse s 

and al l  kind s o f  forces ,  an d P V =  n R T fo r 

al l  kind s o f  gasse s i n al l  kind s o f  containers . 

The law s are ,  i n principle ,  deterministicall y 

correct ,  and ,  withi n th e bound s o f  measure -
ment  error ,  th e dat a abou t  the m ar e con -

sisten t  an d unambiguous . 

Unfortunately ,  thi s mode l  o f  scienc e i s 

not  a  goo d representatio n o f  hypothesi s 

testin g an d scientifi c  reasonin g i n informa l 

settings .  I n general ,  th e subject s o f  everyda y 

reasonin g (e.g. ,  th e behavio r  o f  children ,  th e 

performanc e o f  automobiles ,  th e judgment s 

of  editors )  ar e no t  subjec t  t o simpl e ex -

planations .  I n a  lawfu l  science ,  eve n sligh t 
discrepancie s fro m th e la w ar e matter s t o b e 

reckone d with .  Wit h intuitiv e theories ,  hal f 

righ t  i s  no t  hal f  bad :  On e i s ofte n please d 

wit h a n explanator y valu e noticeabl y bette r 

tha n zero ,  an d th e domai n o f  applicabilit y  o f 

suc h theorie s i s usuall y quit e restricte d (e.g. , 

one chil d o r  on e automobile) .  Intuitiv e 

scientist s mus t  als o dea l  wit h considerabl e 

ambiguit y i n th e relation s betwee n hypoth -

eses an d data .  Typically ,  th e magnitud e o f 
th e measuremen t  erro r  i s nearl y th e sam e a s 

th e magnitud e o f  th e effect s unde r  study . 

Hypothese s hav e ambiguou s implication s 
abou t  th e phenomen a tha t  shoul d o r  shoul d 

not  b e observed ,  an d observe d dat a hav e 

ambiguou s implication s a s t o ho w o r  wheth -

er  a  hypothesi s shoul d b e revised . 

The fundamenta l  differenc e betwee n th e 

law-base d prototyp e o f  scienc e an d th e tas k 

of  reasonin g i n dail y lif e i s th e degre e o f 

uncertaint y an d complexit y i n th e environ -

ment .  B y uncertainty ,  I  mea n tha t  phenom -

ena mus t  b e regarde d a s probabilistic ,  an d 

not  subjec t  t o complet e explanatio n o r 
prediction .  B y complexity ,  I  mea n tha t 

phenomen a aris e fro m th e simultaneou s 

influenc e o f  numerou s an d ofte n inscrutabl e 

contributor y factors .  Althoug h I  focu s o n 

informa l  reasoning ,  man y professiona l 

scientist s als o fac e hig h uncertaint y an d 

complexity ,  particularl y i n "soft "  o r  "inex -

act "  fields ,  lik e th e socia l  sciences ,  o r  i n 

newer ,  les s well-establishe d domain s suc h a s 

high-temperatur e superconductor s today . 

Uncertaint y an d complexit y hav e impor -

tan t  implication s fo r  th e kind s o f  hypoth -

eses peopl e form .  I n lawfu l  domains ,  i t 

may b e a  reasonabl e approximatio n t o sa y 

tha t  scientist s searc h fo r  th e "true "  ex -

planation .  I n inexac t  domains ,  n o hypoth -

esi s i s expecte d t o yiel d nearl y perfec t 

predictio n o r  nearl y complet e explanation . 

Instead ,  th e hypothesi s ma y stat e tha t  ther e 
i s a n associatio n betwee n tw o things ,  o r 

tha t  a  certai n facto r  shoul d hav e a  sig -

nifican t  effec t  o n a  behavio r  o f  interest . 

The goa l  i s  no t  t o discove r  th e righ t  rul e 

or  law .  Th e goa l  ma y instea d b e th e 

developmen t  o f  a  theor y tha t  i s  "prett y 

good "  accordin g t o domain-specifi c  stan -

dards ,  o r  on e tha t  i s significantl y bette r 

tha n th e previou s hypothesis ,  o r  th e goa l 

may b e merel y t o achiev e predictiv e ac -

curac y bette r  tha n chance . 

Uncertaint y an d complexit y hav e paralle l 

effect s o n th e proces s o f  testin g hypoth -

eses .  Wit h probabilisti c  hypotheses ,  ther e 
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ar e n o logicall y determine d "critical "  tests , 

nor  an y logica l  mandat e a s t o ho w t o modif y 

th e hypothesi s i n respons e t o ne w data . 

Thus ,  th e processe s o f  hypothesi s testin g an d 

revisio n becom e matter s o f  accumulatio n an d 

interpretatio n o f  evidence ,  an d a  proces s o f 

zeroin g i n o n a  hypothesi s tha t  meet s th e 

hypothesis-tester' s goal . 

Ther e i s a  fairl y  extensiv e bod y o f  re -

searc h o n th e psychologica l  processe s o f 

hypothesi s testing ,  an d thi s wor k ha s pro -

duce d a  numbe r  o f  interestin g finding s 

concernin g th e abilitie s an d failing s o f 

human hypothesi s tester s (se e Klayma n &  Ha , 

1987 ;  Nisbet t  &  Ross ,  1980 ;  Waso n &  John -

son-Laird ,  1972) .  I n thi s paper ,  however ,  I 

focu s o n a n are a o f  researc h no t  usuall y 

associate d wit h th e stud y o f  scientifi c  rea -

soning .  Thi s researc h ha s gon e unde r  a 

variet y o f  names ,  bu t  ca n b e referre d t o 

genericall y a s cu e learning .  Cue-learnin g 

task s requir e th e subjec t  t o mak e judgment s 

base d o n on e o r  mor e cue s tha t  provid e onl y 

partia l  an d imperfec t  information ,  an d t o us e 

feedbac k t o tr y t o improv e th e accurac y o f 

thos e judgments .  Thus ,  cu e learnin g cap -

ture s th e flavo r  o f  everyda y reasonin g bette r 

tha n man y hypothesi s testin g tasks . 

Cue learning 

The development of cue learning in the 

1950' s wa s base d o n Ego n Brunswik' s (1956 ) 

principl e o f  "probabilisti c  functionalism, " 

th e principl e tha t  judgment s i n natura l 

environment s mus t  b e derive d fro m a  com -

binatio n o f  multiple ,  imperfec t  cues .  Thus , 

th e centra l  goa l  o f  th e paradig m i s t o stud y 

ho w peopl e lear n t o relat e cue s t o judgment s 

i n probabilisti c  environments .  Cue-learnin g 

task s hav e thre e basi c elements :  a  criterio n 

(somethin g th e subjec t  mus t  lear n t o predic t 

or  estimate) ,  cue s (informatio n fro m whic h 

t o mak e th e estimate )  an d feedbac k (infor -

matio n abou t  th e accurac y o f  th e estimate s 

made) .  A s i n natura l  learnin g environments , 

th e criterio n i s no t  full y  predictabl e fro m 

th e availabl e cues .  Fo r  example ,  th e crite -

rio n value ,  Y ,  migh t  b e determine d b y th e 

formul a Y  =  1/ 3 A  +  2/ 3 B  +  C  +  e ,  wher e 

A,  B ,  an d C  ar e cues ,  an d e  i s a  numbe r 

fro m a  rando m numbe r  generator . 

Cue learnin g actuall y encompasse s sev -

era l  differen t  kind s o f  learning .  First , 

ther e i s th e matte r  o f  "cu e discovery " 

(Klayman ,  1988) ,  th e proces s o f  findin g 

vali d cue s t o us e i n makin g predictions . 

Then ,  give n a  se t  o f  cues ,  ther e i s th e 

matte r  o f  ho w thos e cue s shoul d b e com -

bined .  Thi s include s determinin g whethe r 

effect s ar e additiv e o r  multiplicative ,  an d 

th e relativ e importanc e weigh t  t o giv e eac h 

cue .  Then ,  ther e i s th e tas k o f  determinin g 

th e for m o f  th e differen t  cue-criterio n 

functions .  Fo r  example ,  i t  ma y b e that , 

othe r  thing s bein g equal ,  th e criterio n ha s 

a positiv e linea r  relatio n t o cu e A ,  a  nega -

tiv e linea r  relatio n t o cu e B ,  an d a  U -

shape d relatio n t o C . 

Cue learnin g capture s som e o f  th e com -

plexit y an d uncertaint y o f  real-lif e hypoth -

esi s testing .  Th e behavio r  o f  interes t  i s  a 

functio n o f  a  numbe r  o f  simultaneou s fac -

tors ,  ther e i s onl y a  corelationa l  associa -

tio n betwee n an y cu e an d th e criterion ,  an d 

al l  th e availabl e cues ,  take n together , 

canno t  completel y predic t  o r  explai n th e 

dependen t  measure .  Furthermore ,  th e 

feedbac k on e get s i s ambiguou s i n th e sens e 

tha t  a  discrepan t  findin g ma y revea l  a n 

inaccurac y i n th e mode l  yo u ar e using ,  o r 

i t  ma y b e attributabl e t o rando m error ;  i f  a 

chang e i s indicated ,  i t  i s  no t  clea r  jus t 

what  th e chang e shoul d be .  Thus ,  i t  shoul d 

perhap s b e n o surpris e tha t  man y cue -

learnin g studie s hav e foun d tha t  i t  i s 

difficul t  fo r  peopl e t o lear n fro m feedbac k 

i n suc h situation s (se e Brehmer ,  1980 ; 

Klayman ,  i n press) . 

Hypotheses in cue learning 

During the first couple of decades of 

cue-learnin g research ,  no t  muc h attentio n 

was pai d t o th e matte r  o f  hypotheses .  Cu e 

learnin g wa s regarde d a s a  proces s o f 

learnin g t o associat e certai n criterio n 

value s wit h certai n value s o f  eac h cue . 
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alon g wit h som e proces s o f  averagin g an d 

interpolation .  However ,  ther e i s a  growin g 

bod y o f  evidenc e abou t  th e crucia l  rol e tha t 

hypothese s pla y i n learnin g i n comple x an d 

uncertai n environments .  I n thi s regard , 

ther e i s no w a n importan t  bridg e betwee n 

cue-learnin g researc h an d mor e mainstrea m 

researc h i n learnin g an d scientifi c  reasoning . 

Where d o th e hypothese s com e from ? 

Excep t  whe n th e learnin g tas k i s presente d 

abstractl y (e.g. ,  wit h cue s identifie d onl y a s 

A,  B ,  an d C) ,  hypothese s wil l  o f  cours e b e 

derive d fro m th e learner' s knowledg e an d 

theorie s abou t  th e causa l  structur e o f  th e 

environment .  Worl d knowledg e ma y sugges t 

specifi c  function s (e.g. ,  tha t  th e relatio n 

betwee n effor t  an d performanc e i n a  tas k i s 

a positiv e one ,  wit h diminishin g returns) ,  o r 

provid e mor e genera l  hint s (e.g. ,  t o loo k a t 

personalit y variable s i n thi s situation) .  A t 

th e mos t  genera l  level ,  on e ma y fal l  bac k o n 

genera l  cue s t o causalit y suc h a s tempora l 

and spatia l  proximit y (se e Einhor n &  H o -

garth ,  1986) . 

On th e othe r  hand ,  ther e i s als o evidenc e 

of  a  genera l  defaul t  hierarch y o f  hypothese s 

tha t  follow s a  sor t  o f  principl e o f  intuitiv e 

parsimony .  Give n severa l  cue s fro m whic h 

t o mak e judgments ,  subject s hypothesiz e 

mostl y abou t  ho w th e cue s ough t  t o b e 

combined ,  an d the y see m t o pa y littl e atten -

tio n t o th e matte r  o f  cue-criterio n function s 

(Brehmer ,  1987) .  However ,  i f  the y us e th e 

cue s t o mak e estimate s i n th e meantime , 

the y mus t  mak e som e assumption s abou t  th e 

underlyin g functions ,  a t  leas t  d e facto . 

Brehme r  foun d tha t  subjects '  response s 

implie d a  defaul t  assumptio n o f  simpl e linea r 

cue-criterio n relations .  Thi s i s als o th e 

most  commo n initia l  hypothesi s abou t  th e 

cue-criterio n functio n i n one-cu e task s 

(Brehmer ,  1974) .  I n a  tas k involvin g cu e 

discovery ,  i n whic h th e se t  o f  usefu l  cue s 

was no t  full y  specifie d i n advanc e (Klayman , 

1988) ,  subjects '  hypothese s wer e almos t 

exclusivel y i n th e for m o f  "th e mor e o f  this , 

th e mor e o f  [o r  th e les s of ]  that. "  Sub -
ject s seldo m expresse d an y hypothese s abou t 

ho w muc h o f  thi s o r  ho w muc h o f  that ,  an d 

ther e wer e fe w hypothese s abou t  interac -

tion s amon g cues .  Response s implie d a 

defaul t  assumptio n o f  linea r  cue s tha t 

combine d additively . 

Ther e i s littl e evidenc e tha t  intuitiv e 

parsimon y i s a  consciou s strategi c principle . 

Rather ,  i t  ca n b e viewe d a s a n outcom e o f 

th e feedback-encodin g process .  A  simpl e 

way t o encod e feedbac k i s t o observ e tha t 

a chang e i n a  cu e tend s t o b e associate d 

wit h som e directio n o f  chang e i n th e cri -

terio n ("thi s  on e ha d mor e achievemen t 

motivatio n an d di d wors e o n th e test") . 

Thi s leve l  o f  encodin g permit s cu e dis -

covery ,  sinc e th e learne r  coul d perceiv e th e 

existenc e o f  a n effect .  Slightl y mor e 

comple x encodin g migh t  includ e som e infor -

matio n abou t  th e magnitud e o f  chang e ("... a 

lo t  mor e achievemen t  motivatio n an d di d a 

littl e worse...") .  Thi s yield s informatio n 

abou t  th e averag e magnitud e o f  th e rela -

tionship ,  bu t  nothin g abou t  it s shape .  Th e 

onl y wa y t o recogniz e a  nonlinea r  relatio n 

i s t o kee p trac k o f  th e relatio n betwee n 

th e magnitud e o f  change s an d th e absolut e 

magnitud e o f  th e cue .  Fo r  example ,  th e 

relatio n Y  =  log(A' )  implie s tha t  th e large r 

X is ,  th e smalle r  th e chang e i n Y  wit h a 

give n chang e i n X .  Similarly ,  perceptio n o f 

interaction s woul d requir e encodin g th e 

relatio n betwee n X ^  an d 7  a s a  functio n o f 

A'j .  Nonmonotoni c function s an d disordina l 
interaction s ma y b e particularl y har d t o 

learn ,  becaus e eve n th e directio n o f  chang e 

wil l  b e observe d t o vary ,  an d th e learne r 

may conclud e tha t  n o consisten t  relation -

shi p exists . 

Evidenc e fro m a  numbe r  o f  cue-learnin g 

studie s support s thi s orderin g o f  tas k dif -

ficulty :  Peopl e lear n th e identit y o f  cue s 

befor e the y lear n ho w bes t  t o combin e 

them ;  the y lear n additiv e combination s mor e 

easil y tha n others ;  an d the y lear n linea r 

relation s mor e easil y tha n nonlinea r  one s 

(se e Klayman ,  i n press) .  Par t  o f  th e dif -

ficult y ma y b e tha t  peopl e simpl y fai l  t o 

conside r  hypothese s furthe r  dow n thei r 

hierarchy ,  bu t  i t  i s  als o th e cas e tha t  th e 

mor e comple x function s ar e simpl y mor e 
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difficul t  t o perceiv e (Brehmer ,  1980) .  Th e 
defaul t  hierarch y o f  hypothese s als o inter -
act s wit h worl d knowledge .  O n th e on e 
hand ,  som e o f  th e mor e comple x functions , 
suc h a s nonmonotoni c cue s an d disordina l 
interactions ,  ma y b e learnabl e i f  on e ha s a 
prio r  hypothesi s t o guid e th e encodin g o f 
th e data .  O n th e othe r  hand ,  peopl e see m 
pron e t o encod e thei r  worl d knowledg e i n 
term s o f  simple r  function s an d combination s 
as wel l  (Klayman ,  i n press ;  Sniezek ,  1986) . 

Testing hypotheses 

In the law-discovery model of reasoning, 
investigator s ca n reasonabl y expec t  t o deter -
min e whethe r  thei r  hypothese s ar e righ t  o r 
wrong .  (A t  least ,  followin g Poppe r  (1959) , 
you shoul d b e abl e t o determin e whethe r  o r 
not  you r  hypothesi s ha s bee n falsifie d yet) . 
I n cu e learning ,  though ,  th e goa l  i s  no t  t o 
fin d ou t  i f  th e hypothesi s i s wron g (becaus e 
i t  alway s is) ,  bu t  wher e i t  i s  wrong ,  an d 
ho w i t  migh t  b e fixed .  Hypothesi s testin g 
and revisio n i s thu s a  proces s o f  gradua l 
refinement ,  startin g wit h genera l  idea s abou t 
th e type s o f  thing s t o consider ,  an d movin g 
t o mor e complet e an d specifi c  (an d hopefull y 
more accurate )  hypothese s (see ,  e.g. ,  Klay -
man,  1988 ;  Klah r  &  Dunbar ,  1988 ;  Lakatos , 
1978) . 

H ow the n i s feedbac k use d t o tes t  hy -
pothese s derive d fro m worl d knowledge , 
previou s feedback ,  an d defaul t  rules ? Re -
searc h o n hypothesis-testin g behavio r  sug -
gest s tha t  hypothesi s testin g unde r  condi -
tion s o f  uncertaint y an d complexit y i s a  ver y 
difficul t  task .  A  numbe r  o f  thes e difficultie s 
hav e com e unde r  th e rubri c o f  "perseveranc e 
of  beliefs "  (Ros s &  Lepper ,  1980 )  o r  "confir -
matio n bias "  (Fischhof f  &  Beyth-Marom , 
1983;  Klayma n &  Ha ,  1987) .  Fo r  example , 
peopl e ten d t o interpre t  ambiguou s evidenc e 
i n a  wa y tha t  favor s thei r  curren t  hypoth -
esis .  I n a  probabilisti c  environment ,  feedbac k 
i s alway s ambiguou s i s tha t  i t  i s  neve r  clea r 
whethe r  deviation s fro m th e expecte d ar e 
meaningfu l  o r  "just "  random .  Peopl e ma y 
"immunize "  thei r  hypotheses ,  b y acceptin g 

result s tha t  confor m t o thei r  hypotheses , 
whil e attributin g unexpecte d finding s t o 
rando m erro r  mor e tha n i s justifie d (Gor -
man,  1986) .  Peopl e als o us e a  "positiv e tes t 
strategy "  i n whic h attentio n i s focuse d o n 
th e abilit y  o f  th e curren t  hypothesi s t o 
predic t  an d explai n observe d events ,  wit h 
littl e consideratio n give n t o possibl e alter -
nativ e hypothese s (Klayma n &  Ha ,  1987 , 
1988) . 

The genera l  implicatio n o f  thes e aspect s 
of  hypothesi s testin g i s tha t  subject s wil l 
be slo w t o rejec t  earl y hypotheses .  Thi s 
need no t  alway s b e th e case ,  however .  I n 
some situations ,  peopl e see m ver y pron e t o 
changin g hypotheses ,  an d ma y hur t  them -
selve s b y rejectin g goo d ones .  Thi s wil l 
happe n i f  learner s hav e unrealisti c expecta -
tion s abou t  ho w goo d a  goo d hypothesi s 
ought  t o be ,  i.e. ,  i f  the y underestimat e th e 
impac t  o f  hidde n variable s an d rando m 
error .  A  numbe r  o f  studie s hav e docu -
mente d people' s tendenc y t o underestimat e 
th e rol e o f  chanc e (se e Langer ,  1975 ,  fo r 
example) ,  especiall y i n th e absenc e o f  worl d 
knowledg e abou t  th e underlyin g mechanism s 
(Nisbet t  e t  al. ,  1983) .  Th e resul t  ca n b e a 
fickl e hypothesi s tester ,  wh o reject s an d 
replace s hypothese s o n th e basi s o f  insuffi -
cien t  negativ e evidence .  Thi s patter n ha s 
been observe d i n a  variet y o f  learnin g 
studie s (Brehmer ,  1980 ;  Mynatt ,  Dohert y & 
Tweney ,  1978) . 

Hypotheses and learning from feedback 

The real object of cue learning, and 
learnin g fro m experienc e i n general ,  i s  no t 
so muc h t o tes t  hypotheses ,  bu t  t o revis e 
and improv e them .  Fro m th e abov e discus -
sion ,  i t  migh t  appea r  tha t  whe n dat a mee t 
hypothesis ,  th e prospect s fo r  appropriat e 
learnin g ar e poor .  However ,  th e us e o f 
feedbac k t o choos e an d revis e hypothese s 
can hav e differen t  outcomes ,  dependin g o n 
th e relatio n betwee n hypothese s an d incom -
in g data . 

Not  surprisingly ,  peopl e mak e mor e ac -
curat e judgment s whe n thei r  hypothese s ar e 
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congruen t  wit h th e data ,  fo r  example ,  whe n 

th e cu e labele d "monthl y debt "  i s  negativel y 

relate d t o "credi t  rating "  (Muchinsk y an d 

Dudycha ,  1975) .  On e straightforwar d ex -

planatio n fo r  thi s findin g i s tha t  peopl e d o 

not  nee d t o lear n fro m outcom e feedbac k i f 

the y alread y hav e appropriat e hypotheses . 

However ,  evidenc e als o suggest s tha t  con -

gruen t  hypothese s ca n facilitat e subsequen t 

learning .  Fo r  example ,  Camere r  (1981 )  foun d 

tha t  subject s learne d t o us e a  multiplicativ e 

interactio n presen t  i n outcom e feedbac k 

when dimension s wer e labele d i n a  wa y tha t 

suggeste d th e interaction .  ( M B A student s 

perceive d a n interactio n betwee n pric e 

change s an d trad e volum e i n predictin g a 

commoditie s market. )  I n contrast ,  subject s 

who wer e no t  give n feedbac k di d no t  mani -

fes t  an y suc h interactio n i n thei r  estimates , 

nor  di d subject s give n feedbac k wit h un -

labele d cues . 
Withou t  a  concret e hypothesis ,  subject s 

fac e th e tas k o f  learnin g th e association s 

betwee n myria d cu e value s an d a  whol e 

rang e o f  criterio n values .  Uncertaint y an d 

complexit y mak e thi s abstractio n proces s al l 

th e mor e difficult .  A n appropriat e hypoth -

esi s ca n provid e a  usefu l  wa y t o organiz e 
feedbac k i n encoding ,  aggregation ,  an d 

recall .  Dat a ca n b e encode d a s supportin g 

or  contradictin g th e hypothesis ,  an d pas t 

experience s ca n b e summarize d i n term s o f  a 

limite d numbe r  o f  prio r  hypotheses ,  rathe r 

tha n a  larg e numbe r  o f  individua l  feedbac k 

data .  I f  a  basi c hypothesi s abou t  a  cu e 

seems valid ,  learner s ma y the n b e abl e t o 

use feedbac k t o refin e thei r  idea s abou t  th e 

shap e o f  th e functio n an d it s relatio n t o 

othe r  cues . 

But  wha t  i f  feedbac k i n a  learnin g situa -

tio n contradict s th e expectation s yo u brin g 

t o it ? On e migh t  expec t  misleadin g hypoth -

eses t o seriousl y interfer e wit h learning , 

sinc e goo d bu t  counterintuitiv e hypothese s 

may neve r  b e considered ,  an d poo r  bu t 

plausibl e hypothese s ma y persevere .  Indeed , 

severa l  studie s hav e foun d tha t  task s tha t 

elici t  inaccurat e hypothese s ar e a s har d t o 

lear n a s purel y abstrac t  one s (Miller ,  1971 ; 

Camerer ,  1981 )  o r  harde r  (Adelman ,  1981) . 

On th e othe r  hand ,  som e studie s fin d tha t 

th e information-processin g benefit s o f  a 

concret e hypothesi s ma y eve n overrid e 

misleadin g expectations .  Fo r  example , 

Muchinsk y an d Dudych a (1975 )  an d Snieze k 

(1986 )  repor t  tha t  subject s learne d meaning -

full y labelle d relation s bette r  tha n abstrac t 

ones eve n whe n th e dat a seeme d anomalous . 

I n suc h cases ,  subject s a d libbe d ne w 

hypothese s o r  reinterprete d th e data ,  an d 

the n use d th e ne w interpretation s t o encod e 

subsequen t  feedback .  Fo r  example ,  som e o f 

Sniezek' s subject s invente d convolute d 

meteorologica l  theorie s t o interpre t  dat a 

suggestin g tha t  temperatur e increase d a s 

one go t  furthe r  nort h o f  th e equator . 

Conclusions 

People are constantly forming, testing, 

and revisin g hypothese s abou t  ho w th e 

worl d works ,  wha t  wil l  happe n next ,  o r 

what  th e consequence s o f  a n actio n wil l  be . 

Thi s informa l  scientifi c  reasonin g differ s i n 

importan t  way s fro m th e prototyp e o f  sci -

enc e a s th e discover y o f  laws .  Theorie s 

abou t  everyda y phenomen a ar e o f  limite d 

explanator y powe r  an d scope ,  an d dat a ar e 

pron e t o considerabl e erro r  an d ambiguity . 

As researc h o n cu e learnin g illustrates , 

uncertaint y an d complexit y i n th e environ -

ment  affec t  th e natur e o f  hypotheses ,  th e 

goal s o f  hypothesi s testing ,  an d th e pro -

cesse s b y whic h dat a ar e encoded ,  aggre -

gated ,  an d interpreted . 

Of  course ,  uncertaint y an d complexit y 

ar e encountere d i n th e forma l  practic e o f 

scienc e a s well .  However ,  th e professiona l 

scientis t  i s  i n a  positio n t o us e tool s suc h 

as controlle d experimentatio n an d statistica l 

methods .  Thes e technique s certainl y hel p 

wit h th e problem s o f  testin g an d revisin g 

hypothese s i n a  probabilisti c  environment . 

Eve n informa l  setting s sometime s permi t 

experimentatio n an d quantification .  Edu -

cate d laypeopl e hav e a  fai r  degre e o f 

intuitio n abou t  som e basi c principle s o f 

experimentation ,  an d the y ma y lear n an d 
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reaso n mor e effectivel y whe n the y ar e abl e 

t o appl y thos e principle s (Klayman ,  1988 ; 

Nisbet t  e t  al. ,  1983) . 

On th e othe r  hand ,  th e availabilit y  o f 

scientifi c  method s doe s no t  eliminat e th e 

difficultie s o f  usin g ambiguou s dat a t o tes t 

and revis e hypotheses .  Th e conduc t  o f 

scienc e i s seldo m a s nea t  an d clea r  a s th e 

law-discover y prototype ,  o r  a s th e resultin g 

publishe d article s mak e i t  soun d (see ,  e.g. , 

Mitroff ,  1974) .  Informa l  thinkin g play s a n 

importan t  rol e i n formin g ne w theorie s an d 

hypotheses ,  choosin g an d evaluatin g researc h 

methods ,  an d interpretin g findings .  Thus , 

many o f  th e phenomen a o f  informa l  reason -

in g ar e likel y t o hav e relevanc e t o th e 

professiona l  conduc t  o f  scienc e a s well , 

especiall y i n les s exac t  domains . 

A thoroug h understandin g o f  informa l 

scientifi c  reasonin g i s stil l  a  lon g wa y off . 

However ,  ther e i s som e convergenc e i n 

recen t  wor k usin g a  variet y o f  differen t 

paradigms :  Hypothesi s testin g i s bein g 

viewe d i n a  broade r  context ,  a s on e o f  th e 

critica l  step s i n a n interactiv e proces s o f 

discovery ,  testing ,  an d revisio n o f  idea s 

(Holland ,  e t  al. ,  1986 ;  Johnson-Laird ,  1983 ; 

Klah r  &  Dunbar ,  1988 ;  Klayma n &  Ha ,  1987 ; 

Lakatos ,  1978 ;  Langle y e t  al. ,  1987) .  Th e 

cours e o f  thi s reasonin g proces s i s a  func -

tio n o f  worl d knowledge ,  prio r  theories , 

basi c processin g characteristics ,  an d infor -

matio n fro m data .  Thi s vie w o f  hypothesi s 

testin g i s muc h mor e comple x tha n earlie r 

models ,  bu t  i t  i s  als o mor e likel y t o b e a t 

leas t  hal f  right . 

References 

Adelman, L. (1981). The influence of formal, 

substantive ,  an d contextua l  tas k prope r 

tie s o n th e relativ e effectivenes s o f 

differen t  form s o f  feedbac k i n multiple -

cu e probabilit y  learnin g tasks .  Organiza -

tiona l  Behavio r  an d H u m a n Performance , 

27 ,  All-AAl . 

Brehmer ,  B .  (1974) .  Hypothese s abou t  rela -

tion s betwee n scale d variable s i n th e 

learnin g o f  probabilisti c  inferenc e tasks . 

Organizationa l  Behavio r  an d H u m a n 

Performance ,  11 ,  1-27 . 

Brehmer ,  B .  (1980) .  I n on e word :  no t  fro m 

experience .  Act a Psychologica ,  45 ,  223 -

241 . 

Brehmer ,  B .  (1987) .  Not e o n subjects '  hy -

pothese s i n multiple-cu e probabilit y 

learning .  Organizationa l  Behavio r  an d 

H u m an Decisio n Processes ,  40 ,  323-329 . 

Brunswik ,  E .  (1956) .  Perceptio n an d th e 

representativ e desig n o f  psychologica l 

experiment s (2n d Ed.) .  Berkeley :  Uni -

versit y o f  Californi a Press . 

Camerer ,  C .  (1981) .  Th e validit y an d utilit y 

of  exper t  judgment .  Unpublishe d doc -

tora l  dissertation .  Universit y o f  Chicago , 

Graduat e Schoo l  o f  Business . 

Einhorn ,  H.J .  &  Hogarth ,  R.M .  (1986) . 

Judgin g probabl e cause .  Psychologica l 

Bulletin ,  99 ,  3-19 . 

Fischhoff ,  B .  &  Beyth-Marom ,  R .  (1983) . 

Hypothesi s evaluatio n fro m a  Bayesia n 

perspective .  Psychologica l  Review ,  90 , 

239-260 . 

Gorman,  M .  E .  (1986) .  H o w th e possibilit y 

of  erro r  affect s falsificatio n o n a  tas k 

tha t  model s scientifi c  problem-solving . 

Britis h Journa l  o f  Psychology ,  77 ,  85-96 . 

Holland ,  J .  H. ,  Holyoak ,  K .  J. ,  Nisbett ,  R . 

E. ,  &  Thagard ,  P .  R .  (1986) .  Induction : 

Processe s o f  inference ,  learning ,  an d 

discovery .  Cambridge ,  M A :  M I T Press . 

Johnson-Laird ,  P .  N .  (1983) .  Menta l  models . 

Cambridge ,  M A :  Harvar d Universit y 

Press . 

Klahr ,  D .  &  Dunbar ,  K .  (1988) .  Dua l  spac e 

searc h durin g scientifi c  reasoning . 

Cognitiv e Psychology ,  12 ,  1-48 . 

Klayman ,  J .  (1988) .  Cu e discover y i n 

probabilisti c  environments :  Uncertaint y 

and experimentation .  Journa l  o f  Ex -

perimenta l  Psychology :  Learning ,  M e m o-

ry ,  an d Cognition ,  14 ,  317-330 . 

Klayman ,  J .  (i n press) .  O n th e ho w an d 

why (not )  o f  learnin g fro m outcomes .  I n 

B.  Brehme r  &  C .  R .  B .  Joyc e (Eds.) , 

Human Judgment :  Th e Socia l  Judgmen t 
Theor y Approach .  Amsterdam :  North -

Holland . 

242 



K L A Y M AN 

Klayman ,  J .  &  Ha ,  Y .  (1987) .  Confirmation , 
disconfirmation ,  an d informatio n i n hypo -
thesi s testing .  Psychologica l  Review ,  94 , 
211-228 . 

Klayman ,  J .  &  Ha ,  Y .  (1988) .  Hypothesi s 
testin g i n rul e discovery :  Strateg y an d 
structur e (Workin g Pape r  No .  133) .  Chica -
go:  Universit y o f  Chicago ,  Graduat e 
School  o f  Business ,  Cente r  fo r  Decisio n 
Research . 

Lakatos ,  I .  (1978) .  Th e methodolog y o f 
scientifi c  researc h programmes .  London : 
Cambridg e Universit y Press . 

Langer ,  E .  J .  (1975) .  Th e illusio n o f  con -
trol .  Journa l  o f  Personalit y an d Socia l 
Psychology ,  32 ,  311-328 . 

Langley ,  P. ,  Simon ,  H .  A. ,  Bradshaw ,  G .  L. ,  & 
Zytkow ,  J .  M .  (1987) .  Scientifi c  dis -
covery :  Computationa l  exploration s o f 
th e creativ e processes .  Cambridge ,  MA : 
MI T Press . 

Miller ,  P.McC .  (1971) .  D o label s mislead ? A 
multipl e cu e study ,  withi n th e framewor k 
of  Brunswick' s probabilisti c  functional -
ism .  Organizationa l  Behavio r  an d Human 
Performance ,  6 ,  480-500 . 

Mitroff ,  I .  (1974) .  Th e subjectiv e sid e o f 
science .  Amsterdam :  Elsevier . 

Muchinsky ,  P.M .  &  Dudycha ,  A.L .  (1975) . 
Human inferenc e behavio r  i n abstrac t  an d 
meaningfu l  environments .  Organizationa l 
Behavio r  an d Human Performance ,  13 , 
377-391 . 

Mynatt ,  C.R. ,  Doherty ,  M.E .  &  Tweney ,  R.D . 
(1978) .  Consequence s o f  confirmatio n an d 
disconfirmatio n i n a  simulate d researc h 
environment .  Quarterl y Journa l  o f  Ex -
perimenta l  Psychology ,  30 ,  395-406 . 

Nisbett ,  R .  E. ,  Krantz ,  D .  H. ,  Jepson ,  C ,  & 

Kunda ,  Z .  (1983) .  Th e us e o f  statistica l 
heuristic s i n everyda y inductiv e reason -
ing .  Psychologica l  Review ,  90 ,  339-363 . 

Nisbett ,  R .  E .  &  Ross ,  L .  (1980) .  Huma n 
inference :  Strategie s an d shortcoming s o f 
socia l  judgment .  Englewoo d Cliffs ,  NJ : 
Prentice-Hall . 

Popper ,  K .  R .  (1959) .  Th e logi c o f  scien -
tifi c  discovery .  Ne w York :  Basi c Books . 

Ross,  L .  &  Lepper ,  M.R .  (1980) .  Th e per -
severanc e o f  beliefs :  Empirica l  an d 
normativ e considerations .  I n R.A .  Shwe -
der  (Ed.) ,  Fallibl e Judgmen t  i n Behavior -
al  Research :  Ne w Direction s fo r  Method -
olog y o f  Socia l  an d Behaviora l  Scienc e 
(Vo l  4 ,  pp .  17-36) .  Sa n Francisco :  Jos -
sey-Bass . 

Sniezek ,  J.A .  (1986) .  Th e rol e o f  variabl e 
cue label s i n cu e probabilit y  learnin g 
tasks .  Organizationa l  Behavio r  an d 
Human Decisio n Processes ,  38 ,  141-161 . 

Tweney,  R .  D .  (1985) .  Faraday' s discover y 
of  induction :  A  cognitiv e approach .  I n 
D.  Goodin g &  F .  Jame s (Eds.) ,  Farada y 
rediscovere d (pp .  159-209) .  London : 
MacMillan . 

Wason,  P.C .  &  Johnson-Laird ,  P.N .  (1972) . 
Psycholog y o f  Reasoning :  Structur e an d 
Content .  London :  Batsford . 

Preparatio n o f  thi s articl e wa s supporte d b y 
gran t  SES-870610 1 fro m th e Decision ,  Risk , 
and Managemen t  Scienc e progra m o f  th e 
Nationa l  Scienc e Foundation .  Thank s t o 
Jacki e Gnep p an d t o m y colleague s a t  th e 
Cente r  fo r  Decisio n Researc h fo r  thei r 
helpfu l  comments . 

243 


	cogsci_1988_237-243



