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Abstrac t 

A crucial aspect of understanding knowledge 

acquisitio n an d theor y chang e i s understandin g h o w 

peopl e respon d t o anomsilou s information .  W e 

propos e tha t  ther e ar e seve n fundamenta l  response s 

tha t  peopl e mak e t o anomalou s information .  W e 

provid e evidenc e fro m th e histor y o f  scienc e an d fro m 

psycholog y fo r  eac h o f  thes e responses ,  an d w e 

presen t  th e result s o f  a  stud y tha t  explore s som e o f 

th e factor s tha t  determin e thes e responses . 

Anomalie s pla y a  pivota l  rol e i n th e proces s o f 

knowledg e change .  O n th e on e hand ,  anomalou s dat a 

ca n forc e th e learne r  t o realiz e tha t  a  curren t  theor y 

must  b e change d becaus e i t  i s  inconsisten t  wit h th e 

rea l  world .  O n th e othe r  hand ,  peopl e ofte n distor t 

or  explai n awa y anomalou s dat a s o a s t o protec t  thei r 

favore d theories .  Thus ,  th e proces s o f  theor y chang e 

appear s t o b e mediate d b y th e wa y i n whic h a  perso n 

evaluate s anomalou s data .  I n orde r  t o understan d th e 

proces s o f  theor y change ,  w e nee d a  mor e complet e 

understandin g o f  h o w peopl e respon d t o anomalou s 

dat a an d wh y the y respon d a s the y do . 

The discipline s tha t  hav e bee n mos t  intereste d i n 

theor y chang e hav e no t  provide d detaile d account s o f 

people' s respons e t o anomalou s data .  I n artificia l 

intelligence ,  fo r  example ,  anomalou s dat a ar e usuall y 

treate d a s correc t  an d unimpeachabl e (Tweney ,  1990) . 

Most  scientifi c  discover y an d theor y revisio n system s 

assume tha t  an y empirica l  dat a tha t  conflic t  wit h th e 

curren t  theor y ar e correct ;  i t  i s th e theor y tha t  mus t 
be change d (e.g. ,  O'Rorke ,  Morris ,  &  Schulenburg , 

1989 ;  Rajamoney ,  1989) . 

I n cognitiv e an d developmenta l  psychology ,  ther e 

i s widesprea d recognitio n tha t  peopl e ofte n discoun t 

anomalou s dat a i n som e wa y (e.g. ,  Dunbar ,  1989 ; 

Kuhn ,  1989 ;  Piaget ,  1980) .  However ,  ther e ha s bee n 

littl e wor k o n analyzin g th e specifi c  way s i n whic h 

peopl e discoun t  anomalou s data .  No r  ha s ther e bee n 

a systemati c attemp t  t o delineat e th e factor s tha t 

affec t  th e wa y peopl e respon d t o anomalou s data . 

Th e histor y an d philosoph y o f  scienc e contai n 

many insight s relevan t  t o th e proces s o f  respondin g t o 

anomalou s dat a (Kuhn ,  1%2 ;  Lakatos ,  1970 ;  Laudan , 

1977) .  However ,  mos t  o f  thes e insight s ar e aside s 

give n i n th e cours e o f  analyzin g particula r  case s i n th e 

histor y o f  science . 

We propos e tha t  i n orde r  t o understan d th e 

proces s o f  respondin g t o anomalou s data ,  on e need s 

answer s t o tw o questions : 

1.  Wha t  ar e th e differen t  categorie s o f  respons e a 

perso n ca n mak e t o anomalou s data ? 

2.  Wha t  ar e th e factor s tha t  converg e t o produc e 

eac h o f  th e differen t  responses ? Fo r  example , 

what  factor s lea d a n individua l  t o rejec t 

anomalou s dat a i n on e instanc e bu t  accep t 

anomalou s dat a i n anothe r  instance ? 
I n th e remainde r  o f  thi s paper ,  w e wil l  addres s thes e 

tw o questions .  I n th e firs t  section ,  w e presen t  a 

classificatio n o f  seve n form s o f  respons e t o anomalou s 

data .  W e presen t  evidenc e fo r  ou r  classificatio n fro m 

th e histor y o f  scienc e an d fro m psychology .  I n th e 

secon d section ,  w e discus s factor s tha t  w e hypothesiz e 

wil l  influenc e h o w peopl e respon d t o anomalou s data , 

and w e presen t  th e result s o f  a n experimen t  designe d 

t o tes t  ou r  hypotheses . 

R e s p o n s e s t o A n o m a l o u s D a t a 

Suppose that a person holding theory A encounters 

anomalou s dat a tha t  i s  inconsisten t  wit h theor y A . 

Th e anomalou s dat a m a y b e accompanie d b y a n alter -

nativ e theor y B ,  whic h i s a  competito r  o f  theor y A . 
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We propos e tha t  ther e ar e seve n way s i n whic h a 

perso n ca n respon d t o th e anomalou s data .  Th e 

perso n ca n (1 )  ignor e th e data ,  (2 )  rejec t  th e data , 

(3 )  exclud e th e dat a fro m th e domai n o f  theor y A , 

(4 )  hol d th e dat a i n abeyanc e an d retai n theor y A , 

(5 )  reinterpre t  th e dat a an d retai n theor y A ,  (6 )  re -

interpre t  th e dat a bu t  mak e periphera l  change s t o 

theor y A ,  o r  (7 )  accep t  th e dat a an d chang e theor y A , 

perhap s adoptin g theor y B .  W e thin k tha t  thi s i s 

clos e t o a n exhaustiv e se t  o f  th e possibl e response s t o 

anomalou s data . 

Thes e seve n response s var y alon g thre e dimen -

sions .  Th e first  dimensio n i s whethe r  th e individua l 

accept s th e anomalou s dat a a s valid .  Th e secon d i s 

whethe r  th e individua l  offer s a n explanatio n fo r  wh y 

he o r  sh e ha s accepte d o r  no t  accepte d th e data .  A n d 

th e thir d i s whethe r  th e individua l  change s hi s o r  he r 

theor y i n an y way .  A s w e presen t  eac h o f  th e seve n 

responses ,  w e wil l  discus s thei r  value s fo r  eac h o f  th e 

thre e dimensions .  W e wil l  als o briefl y presen t 

evidenc e fro m th e histor y o f  scienc e an d fro m 

empirica l  studie s i n psycholog y fo r  th e validit y o f  eac h 

for m o f  response . 

1.  Ignorin g 

A person who ignores data does not accept the data 

as valid .  N o explanatio n fo r  th e dat a i s offered ,  no r 

i s theor y A  change d a t  all .  Th e perso n give s n o 

indicatio n o f  havin g bee n expose d t o th e data . 

Histor y o f  Science .  Accordin g t o Osborn e (1979) ,  th e 

fac t  tha t  ho t  wate r  freeze s faste r  tha n col d wate r  wa s 

know n t o scientist s throug h th e writing s o f  Aristotle , 

Descartes ,  an d Bacon .  Bu t  afte r  th e developmen t  o f 

thermodynamics ,  thi s fac t  vanishe d fro m th e scientifi c 

literatur e unti l  i t  wa s rediscovere d b y a  Tanzania n 

hig h schoo l  student . 

Psychology .  Th e typica l  psycholog y experimen t  i s 

designe d s o a s t o m a k e ignorin g contradictor y dat a 

ver y difficul t  fo r  th e subject .  Ther e ar e a  fe w studie s 

tha t  stat e tha t  subject s appea r  t o b e ignorin g 

anomalou s dat a (e.g. ,  Klah r  &  Dunbar ,  1988) ,  bu t  th e 

experimenta l  situation s d o no t  provid e enoug h 

informatio n fo r  u s t o b e sur e thes e dat a fit  ou r 

criteri a fo r  ignoring . 

2.  Rejectio n 

Like a person who ignores data, the person who 

reject s dat a doe s no t  accep t  th e dat a a s valid .  Bu t 

unlik e th e perso n w h o ignore s data ,  th e perso n w h o 

reject s dat a doe s generat e a n explanatio n fo r  wh y th e 

dat a ar e invalid .  Thi s explanatio n ca n range  fro m a 

detaile d critiqu e o f  experimenta l  methodolog y t o a 

vagu e clai m tha t  somethin g mus t  b e wron g wit h th e 

experiment .  Wit h rejection ,  ther e i s n o chang e a t  al l 

i n theor y A . 

Histor y o f  science .  I n th e disput e betwee n Millika n 

and Ehrenhaf t  ove r  th e natur e o f  charg e o n th e 

electron ,  eac h rejecte d th e other' s dat a o n 

methodologica l  ground s (se e Holton ,  1978) .  Ehren -

haf t  believe d tha t  Millika n ha d illegitimatel y discarde d 

dat a i n orde r  t o suppor t  hi s vie w tha t  electro n charg e 

was unitary .  Millikan' s rejoinde r  wa s t o argu e tha t 

Ehrenhaf t  wa s mixin g ba d dat a wit h goo d dat a i n 

orde r  t o achiev e result s tha t  appeare d t o suppor t  th e 

cas e agains t  unitar y charge . 

Psychology .  Champagne ,  Gunstone ,  an d Klopfe r 

(1985 )  repor t  a  stud y i n whic h student s w h o believe d 

tha t  heav y object s fal l  faste r  tha n ligh t  object s 

subsequentl y watche d th e teache r  attemp t  t o refut e 

thei r  belief s b y droppin g tw o block s o f  differen t 

weight s fro m a  c o m m o n height .  Althoug h th e block s 

appeare d t o strik e th e groun d simultaneously ,  tw o 

middl e schoo l  student s "reasone d tha t  th e block s had , 

i n fact ,  falle n a t  differen t  rates ,  bu t  tha t  th e differenc e 

i n descen t  time s wa s to o smal l  t o b e observe d ove r 

th e shor t  distanc e (approximatel y on e meter )  use d i n 

th e origina l  demonstration "  (p .  65) .  Thes e student s 

rejecte d th e experimen t  a s methodologicall y to o 

insensitiv e t o detec t  th e predicte d effect . 

3.  Exclusio n 

Another response to anomalous data is to assert that 

th e dat a ar e no t  relevan t  t o theor y A ,  i.e. ,  tha t  theor y 

A i s no t  intende d t o accoun t  fo r  thi s dat a (se e Kuhn , 

1962 ;  Laudan ,  1977) .  Th e perso n w h o exclude s dat a 

fro m th e domai n o f  theor y A  ca n eithe r  accep t  th e 

anomalou s dat a o r  remai n agnosti c abou t  th e validit y 

of  th e data .  Lik e th e perso n w h o ignore s data ,  th e 

perso n w h o exclude s dat a doe s no t  offe r  an y accoun t 

of  th e data .  A n d onc e again ,  ther e i s n o chang e i n 

theor y A . 

Histor y o f  science .  Accordin g t o Lauda n (1977) , 

most  theorist s i n th e nineteent h centur y exclude d 

Brownia n motio n fro m thei r  theories .  A t  vjiriou s 

times ,  Brownia n motio n wa s regarde d a s a  biologica l 

problem ,  a s a  chemica l  problem ,  a s a  proble m o f 

electrica l  conductivity ,  an d a s a  proble m m hea t 

theory .  "S o lon g a s th e proble m remaine d unsolved , 

any theoris t  coul d convenientl y choos e t o ignor e i t 

simpl y b y sayin g tha t  i t  wa s no t  a  proble m whic h 

theorie s i n hi s field  ha d t o address "  (Laudan ,  1977 , 

pp .  19-20 ,  italic s i n original) . 
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Psychology .  Karmiloff-Smit h an d Inhelde r  (1975 ; 

Karmiloff-Smith ,  1988 )  investigate d childre n 

attemptin g t o balanc e block s o n a  narro w meta l 

support .  S o m e o f  th e block s wer e ordinar y block s 

tha t  balance d a t  thei r  geometric  centers ,  bu t  othe r 

block s ha d a  weigh t  hidde n a t  on e en d s o tha t  the y 

di d no t  balanc e a t  thei r  geometri c center .  S o m e 

childre n develope d th e theor y tha t  thing s balanc e i n 

th e middle ,  bu t  wit h thi s theor y the y couldn' t  ge t  th e 

weighte d block s t o balance .  Instea d o f  changin g thei r 

theory ,  thes e childre n declare d tha t  th e uneve n block s 

wer e impossibl e t o balanc e an d di d no t  worr y abou t 

the m further ,  whic h suggest s tha t  th e childre n 

exclude d th e dat a fro m thei r  theory .  Thei r  theor y 

was intende d t o cove r  onl y norma l  blocks ,  an d the y 

fel t  n o nee d t o develo p a  theor y tha t  encompasse d al l 

of  th e blocks . 

4.  Abeyanc e 

A common response to anomaly is to hold it in 

abeyance .  I n thi s case ,  th e individua l  face d wit h 

anomalou s dat a canno t  explai n th e dat a bu t  i s 

confiden t  tha t  i t  wil l  eventuall y b e give n a n accoun t 

withi n th e theoretica l  curren t  framewor k (Kuhn , 

1962) .  Abeyanc e i s differen t  fro m th e previou s form s 

of  respons e i n tha t  th e perso n accept s th e anomal y a s 

vali d dat a tha t  hi s o r  he r  theor y shoul d b e abl e t o 

explain .  Bu t  th e perso n cannot ,  a t  th e presen t  time , 
provid e a n explanatio n fo r  th e data . 

Histor y o f  science .  A n exampl e o f  abeyanc e come s 

fro m Ampere' s assessmen t  o f  contrar y evidenc e 
durin g th e perio d whe n h e wa s developin g hi s theor y 

of  electrodynamics .  A m p d r e wa s unabl e t o explai n 

one anomalou s experimen t  tha t  h e himsel f  ha d 

conducted .  Thi s anomal y wa s hel d i n abeyanc e fo r 

ove r  tw o years ,  unti l  h e wa s abl e t o mak e a 

modificatio n i n hi s theor y tha t  coul d accoun t  fo r  hi s 

dat a (Hofmann ,  1988) . 

Psychology .  Brewe r  an d Chin n (1991 )  ha d under -

graduat e subject s rea d abou t  experiment s supportin g 

severa l  principle s o f  quantu m mechanics .  Thes e 

principle s violate d certai n deeply-entrenche d belief s 

hel d b y mos t  o f  th e subjects .  I n respons e t o th e data , 

one subjec t  hel d th e dat a i n abeyance ,  confiden t  tha t 

physicist s woul d eventuall y solv e th e paradoxe s o f 

quantu m mechanic s s o tha t  h e woul d no t  nee d t o giv e 

up hi s commitmen t  t o realism .  I n respons e t o on e 

question ,  h e wrote ,  "No t  sure-I'l l  tel l  yo u i n 2 0 years, " 

indicatin g hi s belie f  tha t  scientist s wil l  eventuall y 

resolv e th e anomal y withi n th e realis t  framework . 

5.  Reinterpretatio n 

When a person reinterprets anomalous data, he or 

sh e accept s th e dat a a s valid ,  a t  leas t  a t  som e level . 

Th e perso n als o offer s a n explanatio n t o accoun t  fo r 

th e data ,  bu t  th e explanatio n i s suc h tha t  th e perso n 

nee d no t  chang e theor y A  a t  all .  I n effect ,  th e perso n 

acknowledge s th e dat a bu t  claim s t o b e abl e t o 

explai n the m withou t  alterin g theor y A  a t  all . 

Histor y o f  science .  W h e n Alvare z propose d th e 

meteo r  impac t  theor y o f  Cretaceou s extinctions ,  hi s 

mai n evidenc e wa s a n anomalousl y hig h concentratio n 

of  iridiu m i n th e K- T boundar y (th e cla y separatin g 

th e Cretaceou s an d Tertiar y sediments) .  S o m e 

scientist s reinterprete d th e iridiu m anomal y a s norma l 

seepag e o f  trac e amount s o f  iridiu m fro m layer s o f 

limeston e abov e th e K- T boundar y (Raup ,  1986) . 

Thes e scientist s di d no t  den y th e iridiu m anomaly ,  bu t 

the y reinterprete d i t  a s havin g a  terrestria l  sourc e 

rathe r  tha n a n extraterrestria l  source . 

Psychology .  Piage t  (1980 ,  Chapte r  6 )  aske d childre n 

t o predic t  wha t  woul d happe n whe n equa l  weight s 

wer e pu t  i n eac h pa n o f  a  balanc e scale .  Mos t  youn g 

childre n predicte d tha t  on e pa n woul d g o dow n an d 

th e othe r  up ,  lik e a  seesaw .  Afte r  watchin g th e 

experimente r  plac e on e weigh t  i n eac h pa n an d 

findin g tha t  nothin g happened ,  a  si x yea r  ol d hesitate d 

and scrutinize d th e scal e closely .  The n th e chil d 

declare d tha t  th e pan s wer e i n th e sam e plac e 

becaus e bot h weight s wer e light .  T h e chil d di d no t 

rejec t  th e data ;  ther e wa s n o attemp t  t o den y tha t  th e 

pan s wer e level .  Bu t  th e dat a wer e reinterprete d t o 

sho w tha t  i t  wa s onl y becaus e th e weight s wer e to o 

ligh t  tha t  th e seesa w effec t  di d no t  occur . 

6.  Periphera l  theor y chang e 

Lakatos (1970) argued that a theorist can always 

preserv e favorit e hypothese s i n a  theor y b y changin g 

les s central ,  auxiliar y hypotheses .  W h e n a  perso n 

makes a  periphera l  change s t o theor y A  i n respons e 

t o anomalou s data ,  th e individua l  accept s th e dat a a s 

vali d an d attempt s t o explai n th e data .  However ,  th e 

dat a ca n b e explaine d onl y b y modifyin g on e o r  mor e 

hypothesi s i n theor y A . 

Histor y o f  science .  Galileo' s critic s denie d tha t  ther e 

wer e mountain s o n th e m o o n becaus e the y believe d 

th e m o o n wa s a  perfec t  sphere .  W h e n on e o f  Gal -

ileo' s opponent s looke d throug h Galileo' s telescope , 

he concede d tha t  h e sa w mountains ,  bu t  h e declare d 

tha t  th e mountain s wer e embedde d i n a  perfectl y 

transparen t  crysta l  spher e (Drake ,  1980) .  I n thi s way , 

he protecte d hi s cor e belie f  tha t  th e m o o n wa s a 
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perfec t  spher e b y addin g a n additiona l  hypothesis . 

Psychology .  Vosniado u an d Brewe r  (i n press )  hav e 

foun d tha t  mos t  youn g childre n (age s 4- 6 years )  hav e 

a flat  eart h theor y o f  th e shap e o f  th e earth .  W h e n 

youn g childre n ar e tol d b y adult s tha t  "th e eart h i s 

round, "  the y ar e face d wit h anomalou s data .  S o m e o f 

th e childre n accoun t  fo r  thi s anomalou s dat a b y 

makin g periphera l  change s i n thei r  flat  eart h view . 

For  example ,  som e childre n interpre t  th e dat a fro m 

th e adult s t o indicat e tha t  th e eart h i s a  flat  disc . 

Thi s approac h account s fo r  th e anomalou s dat a abou t 

th e eart h bein g roun d bu t  leave s th e basi c flat  eart h 

belie f  intact . 

7.  Theor y chang e 

A person may be so convinced by the anomalous data 

tha t  h e o r  sh e change s theor y A ,  perhap s adoptin g 

theor y B  instead .  I n thi s case ,  th e anomalou s dat a 

ar e accepted ,  an d the y ar e explained ,  bu t  the y ar e 

explaine d onl y b y givin g u p cor e idea s fro m theor y A . 

Histor y o f  Science .  Th e chemica l  revolutio n i s a 

goo d exampl e o f  theor y change .  Drive n b y mor e tha n 

a decad e o f  activ e empirica l  research ,  muc h o f  whic h 

was anomalou s fo r  th e phlogisto n theory ,  almos t  al l 

chemist s abandone d phlogisto n theor y i n favo r  o f 

Lavoisier' s oxyge n theor y (Musgrave ,  1976) . 

Psychology .  Eve n thos e psychologica l  experiment s 

tha t  demonstrat e tha t  man y peopl e distor t  an d 

discredi t  dat a als o find  tha t  som e peopl e d o chang e 

thei r  theories .  Fo r  example ,  i n th e Karmiloff-Smit h 

and Inhelde r  (1975 )  research ,  olde r  childre n 

eventuall y d o us e th e anomalie s t o develo p a n 
improve d theor y o f  balancing . 

Factor s tha t  Influenc e 

H o w P e o p l e R e s p o n d t o A n o m a l o u s D a t a 

From the point of view of understanding the process 

of  theor y change ,  th e crucia l  questio n i s wh y a  perso n 

choose s on e respons e ove r  another .  W e hav e begu n 

a serie s o f  studie s designe d t o answe r  thi s question , 

and w e wil l  presen t  som e preliminar y dat a i n th e 

presen t  paper . 

I n th e stud y reporte d here ,  w e chos e tw o factor s 

tha t  th e Uteratur e suggeste d migh t  b e particularl y 

powerfu l  influence s o n ho w peopl e respon d t o 

anomalou s data .  Th e first  facto r  i s ho w entrenche d 

a person' s belief s are .  A n entrenche d belie f  i s  a 

beHef  tha t  ha s a  grea t  dea l  o f  evidentiar y suppor t  an d 

participate s i n a  broa d rang e o f  explanation s i n dif -

feren t  sub-domains .  Th e mor e entrenche d a  belie f  is , 

th e mor e i t  shoul d resis t  change ,  an d th e mor e likel y 

i t  shoul d b e tha t  anomalou s dat a wil l  b e ignored ,  re -

jected ,  excluded ,  hel d i n abeyance ,  o r  reinterpreted . 

Th e secon d facto r  i s specifi c  backgroun d 

knowledg e relate d t o th e anomalou s data .  W e 

hypothesiz e tha t  th e availabilit y  o f  pertinen t 

backgroun d knowledg e shoul d strongl y influenc e th e 

Ukelihoo d o f  rejectio n o r  reinterpretation .  Fo r 

example ,  backgroun d knowledg e o r  belief s abou t 

prope r  procedure s fo r  conductin g experiment s shoul d 

lea d a  perso n t o accep t  dat a tha t  ha s bee n gathere d 

accordm g t o thos e procedure s bu t  t o rejec t  dat a tha t 

has no t  bee n gathere d accordin g t o thos e procedures . 

I n th e presen t  study ,  w e decide d t o focu s o n 

backgroun d knowledg e tha t  migh t  rais e th e likelihoo d 

of  rejectin g o r  reinterpretin g data . 

Metho d 

Domain. The domain in this study was the mass 

extinctio n a t  th e en d o f  th e Cretaceou s period . 

Subjects .  Th e subject s wer e 5 4 undergraduate s 

enrolle d i n a n introductor y psycholog y cours e a t  th e 

Universit y o f  Illinoi s a t  Urbana-Champaign . 

Design .  Degre e o f  entrenchmen t  an d typ e o f 

backgroun d knowledg e wer e manipulate d i n a  2  X  3 

factoria l  design .  Ther e wer e tw o level s o f 

entrenchment :  entrenche d versu s non-entrenched . 

Ther e wer e thre e level s o f  backgroun d knowledge : 

provisio n o f  backgroun d knowledg e fo r  rejectin g 

anomalou s data ,  provisio n o f  backgroun d knowledg e 

fo r  reinterpretin g th e anomalou s data ,  an d provisio n 

of  n o backgroun d knowledge . 

Procedure .  Eac h subjec t  bega n b y readin g a  versio n 

of  th e meteo r  impac t  theory .  Subject s i n th e 

entrenche d conditio n rea d a  5-pag e tex t  containin g a 

broa d arra y o f  evidenc e supportin g th e theory .  Th e 

evidenc e include d th e iridiu m anomal y i n th e K- T 

boundary ,  th e discover y o f  a  crate r  tha t  i s  th e 

appropriat e siz e an d age ,  anomalou s isotop e ratios , 

and severa l  othe r  piece s o f  evidence .  Subject s i n th e 

non-entrenche d conditio n rea d onl y abou t  th e iridiu m 

anomaly . 

Embedded i n on e thir d o f  thes e text s wa s a  piec e 

of  backgroun d knowledg e tha t  coul d b e use d t o rejec t 

anomalou s dat a tha t  woul d b e encountere d late r  (e.g. , 

some text s asserte d tha t  small-scal e laborator y model s 

of  globe d event s ar e no t  ver y reUable) .  Embedde d i n 

anothe r  thir d o f  th e text s wa s a  piec e o f  backgroun d 

knowledg e tha t  coul d b e use d t o reinterpre t 

anomalou s dat a tha t  woul d b e encountere d late r  (e.g. , 

some text s explaine d differen t  way s i n whic h som e 
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specie s migh t  surviv e 1 8 month s o f  darkness) .  Th e 

remainin g thir d o f  th e text s containe d n o backgroun d 

informatio n tha t  coul d b e use d t o rejec t  o r  reinterpre t 

th e anomalou s data . 

Afte r  readin g thes e texts ,  subject s rate d thei r 

belie f  i n th e impac t  theor y o n a  0  t o 1 0 Liker t  scale . 

The n the y wer e provide d wit h a  piec e o f  contradictor y 

evidenc e (e.g. ,  som e student s rea d tha t  base d o n 

extrapolation s fro m a  small-scal e laborator y model ,  a 

scientis t  ha d conclude d tha t  a  meteo r  strikin g th e 

eart h woul d produc e s o muc h dus t  an d debri s tha t  al l 

sunligh t  woul d b e blocke d fo r  1 8 months ,  effectivel y 

killin g al l  life ;  th e scientis t  argue d tha t  sinc e w e kno w 

tha t  al l  lif e wa s no t  exterminated ,  a  meteo r  coul d no t 

hav e struc k th e earth) .  Subject s rate d thei r  belie f  i n 

thi s evidenc e an d wrot e a n explanatio n fo r  thei r 

rating .  The y re-rate d thei r  belie f  i n th e impac t 

theory ,  explainin g an y chang e i n thei r  belief . 

The n al l  subject s rea d a  brie f  descriptio n o f  a n 

alternativ e theor y tha t  explain s th e iridiu m anomal y 

by positin g tha t  a  prolonge d perio d o f  intens e volcani c 

activit y o n eart h cause d th e iridiu m anomal y a s wel l 

as th e extinction s (iridiu m i s als o containe d i n som e 

volcani c m a g m a ) .  The n subject s rate d thei r  belie f  i n 

th e volcan o theor y an d th e impac t  theory ,  explainin g 

thei r  ratings . 

Finally ,  th e subject s wer e provide d wit h a  secon d 

piec e o f  evidenc e tha t  contradicte d th e impac t  theor y 

(an d supporte d th e volcan o theory) .  Subject s rate d 

thei r  belie f  i n th e evidence ,  i n th e impac t  theory ,  an d 

i n th e volcan o theory ,  agai n explainin g thei r  belief s 

and an y changes . 

Result s an d Discussio n 

Effects of entrenchment. Entrenchment clearly 

influence d whethe r  subject s change d theories .  Sub -

ject s i n th e entrenche d conditio n firmly  maintaine d 

thei r  belie f  i n th e meteo r  theory .  Eve n afte r  bein g 

presente d wit h tw o piece s o f  contradictor y evidenc e 

and a  plausibl e alternativ e theory ,  entrenche d sub -

jects '  mea n belie f  i n th e meteo r  impac t  theor y wa s 

much stronge r  tha n thei r  m e a n belie f  i n th e volcan o 

theor y (7. 2 versu s 4.3) .  Thi s positiv e differenc e wa s 

significan t  [  t(24 )  =  4.61 ,  p  <  .00 1 ] .  B y contrast , 

afte r  bein g presente d wit h th e tw o piece s o f  contra -

dictor y evidenc e an d th e volcan o theory ,  non -

entrenche d subject s preferre d th e volcan o theory . 

M e an beUe f  i n th e meteo r  impac t  theor y wa s onl y 4.5 , 

whil e m e a n belie f  i n th e volcan o theor y wa s 6. 1 

[  t(21 )  =  -2.56 ,  p  <  .0 5 ] . 
Thus ,  ou r  manipulatio n o f  entrenchmen t  clearl y 

affecte d subjects'belie f  i n th e alternativ e theories . 

Tabl e 1 

Effect s o f  Entrenchmen t 

o n Response s t o th e Evidence : 

Frequenc y an d Percentag e o f  Eac h Respons e 

Ignorin g 

Rejectio n 

Abeyanc e 

Exclusio n 

Reinterpretatio n 

Theor y chang e 

Entrenche d 

0 (0% ) 
27 (57% ) 
3 (6% ) 
0 (0% ) 
6 (13% ) 

11 (23% ) 

Non-Entrenche d 

0 (0% ) 
25 (54% ) 
1 (2% ) 
0 (0% ) 
2 (4% ) 

18 (39% ) 

Ther e wa s als o a n indicatio n tha t  entrenchmen t 

affecte d th e distributio n o f  response s t o anomalou s 

data .  Tabl e 1  present s th e distributio n o f  response s 

t o th e tw o piece s o f  evidenc e i n th e entrenche d an d 

non-entrenche d conditions .  T h e patter n wa s no t  a s 

pronounce d a s w e ha d expected . 

Effect s o f  backgroun d luiowledge .  O u r  manipulatio n 

of  backgroun d knowledg e faile d t o influenc e th e 

likelihoo d tha t  subject s woul d rejec t  o r  reinterpre t 

data .  Onl y tw o subject s whos e text s include d 

experimentally-provide d informatio n tha t  coul d b e 

use d t o rejec t  th e anomalou s dat a use d tha t 

informatio n a s ground s fo r  rejectin g data .  Similarly , 

onl y tw o subject s w h o rea d text s tha t  provide d 

informatio n tha t  coul d b e use d t o reinterpre t  th e 

anomalou s dat a use d tha t  informatio n t o reinterpre t 

th e data . 

T h e reaso n fo r  th e subjects '  failur e t o us e th e 

backgroun d informatio n provide d i n th e tex t  appear s 

t o b e tha t  the y instea d use d backgroun d knowledg e 
tha t  the y brough t  wit h the m t o th e experiment .  Fo r 

example ,  som e subject s use d thei r  backgroun d know -

ledg e abou t  experimentatio n an d abou t  th e physica l 

worl d t o rejec t  th e dat a tha t  declare d tha t  a  meteo r 

woul d kil l  everythin g becaus e i t  woul d bloc k al l  sun -

ligh t  fo r  1 8 months :  "Th e eart h i s m u c h to o bi g an d 

differen t  t o b e correctl y represente d b y som e smal l 

roc k i n a  laboratory .  Thing s lik e atmosphere ,  spin , 

gravity ,  etc .  pla y a  par t  a s well. "  Other s use d thei r 

backgroun d knowledg e no t  t o rejec t  th e clai m tha t  th e 

eart h woul d b e dar k fo r  1 8 month s bu t  t o reinterpre t 

i t  t o sho w tha t  al l  lif e woul d no t  b e killed :  "Som e 

thing s coul d surviv e wit h n o light ,  fo r  example , 

anaerobi c respirators. "  Other s appeare d t o rel y o n 

backgroun d intuition s t o ratif y th e study' s conclusions : 

"I  thin k h e know s wha t  he' s talkin g about .  I f  a  larg e 

meteo r  di d hi t  th e earth ,  a  lo t  o f  debri s woul d b e 
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throw n i n th e air. " 

I t  appears ,  then ,  tha t  backgroun d knowledg e i s 

ver y importan t  i n th e respons e t o anomalou s data . 

But  i t  ma y b e difficul t  fo r  backgroun d knowledg e 

supplie d b y th e tex t  t o compet e wit h backgroun d 

knowledg e alread y possesse d b y students .  Th e 

backgroun d knowledg e i n th e tex t  ma y b e les s 

accessibl e tha n students '  ow n prio r  knowledge .  (Th e 

aler t  reade r  wil l  not e tha t  thi s paragrap h i s a n 

exampl e o f  reinterpretatio n o n ou r  part! ) 

S u m m a ry an d Conclusion s 

We have argued that understanding how people 

respon d t o anomalou s dat a i s crucia l  t o understandin g 

th e proces s o f  knowledg e change .  W e hav e propose d 

a taxonom y o f  seve n form s o f  respons e t o anomalou s 

data ,  an d w e believ e tha t  thi s taxonom y ca n provid e 

a framewor k fo r  systemati c investigatio n int o th e 

factor s tha t  influenc e ho w peopl e respon d t o 

imomalou s data .  I n th e stud y reporte d here ,  w e 

foun d tha t  th e entrenchmen t  o f  belief s an d th e 

availabilit y  o f  backgroun d knowledg e influence d ho w 

undergraduate s responde d t o anomalou s data . 

Reference s 

Brewer, W. F., and Chinn, C. A. 1991. Entrenched 

beliefs ,  inconsisten t  information ,  an d knowledg e 

change .  I n Proceeding s o f  th e 199 1 Internationa l 

Conferenc e o f  th e Learnin g Sciences ,  61-1'i . 

Charlottesville ,  VA :  Associatio n fo r  th e 

Advancemen t  o f  Computin g i n Education . 

Champagne,  A .  B. ;  Gunstone ,  R .  F. ;  an d Klopfer ,  L . 

E.  1985 .  I n L .  H .  T .  Wes t  an d A .  L .  Pine s (eds.) . 

Cognitiv e structur e an d conceptua l  chang e (pp .  61 -

90) .  Orlando ,  FL :  Academi c Press . 

Drake ,  S .  1980 .  Galileo .  Ne w York :  Hil l  an d Wang . 

Dunbar ,  K .  1989 .  Simulatin g reasonin g strategie s i n 

a simulate d molecula r  genetic s environment .  I n 

Progra m o f  th e Elevent h Annua l  Conferenc e o f  th e 

Cognitiv e Scienc e Society ,  426-433 .  Hillsdale ,  NJ : 

Lawrenc e Erlbau m Associates . 

Hofmann ,  J .  R .  1988 .  Ampere' s electrodynamic s an d 

th e acceptabilit y  o f  guidin g assumptions .  I n A . 

Donovan ,  L .  Laudan ,  an d R .  Lauda n (eds.) , 

Scrutinizin g science :  Empirica l  studie s o f  scientifi c 

chang e (pp .  201-217) .  Dordrecht :  Kluwe r 

Academi c Publishers . 

Holton ,  G .  1978 .  Subelectrons ,  presuppositions ,  iui d 

th e Millikan-Ehrenhaf t  dispute .  Historica l  Studie s 

i n th e Physica l  Science s 9:161-224 . 

Karmiloff-Smith ,  A .  1988 .  Th e chil d i s a  theoretician , 

not  a n inductivist .  Min d &  Languag e 3:183-195 . 

Karmiloff-Smith ,  A. ,  an d Inhelder ,  B .  1975 .  "I f  yo u 

want  t o ge t  ahead ,  ge t  a  theory" .  Cofftitio n 

3:195-212 . 

Klahr ,  D. ,  an d Dunbar ,  K .  1988 .  Dua l  spac e searc h 

durin g scientifi c  reasoning .  Cognitiv e Scienc e 

12:1-48 . 

Kuhn,  D .  1989 .  Childre n an d adult s a s intuitiv e 

scientists .  Psychologica l  Revie w 96:674-689 . 

Kuhn,  T .  S .  1962 .  Th e structur e o f  scientifi c  revolu -

tions .  Chicago :  Universit y o f  Chicag o Press . 

Lakatos ,  I .  1970 .  Falsificatio n an d th e methodolog y 

of  scientifi c  researc h programmes .  I n I .  Lakato s 

and A .  Musgrav e (eds.) ,  Criticis m an d th e growt h 

of  knowledg e (pp .  91-196) .  London :  Cambridg e 

Universit y Press . 

Laudan ,  L .  1977 .  Proces s an d it s problems . 

Berkeley :  Universit y o f  Californi a Press . 

Musgrave ,  A .  1976 .  Wh y di d oxyge n supplan t  phlogis -

ton ? Researc h programme s i n th e chemica l  rev -

olution .  I n C .  Howso n (ed.) ,  Metho d an d apprais -

al  i n th e physica l  sciences :  Th e critica l  back -

groun d t o mode m science ,  1800-190 5 (pp .  18 1 

209) .  Cambridge :  Cambridg e Universit y Pres s 

O'Rorke ,  P. ;  Morris ,  S. ;  an d Schulenburg ,  D .  198 9 

Abductio n an d worl d mode l  revision .  I n Proffw n 

of  th e Elevent h Annua l  Conferenc e o f  th e 

Cognitiv e Scienc e Society ,  789-796 .  Hillsdale ,  NJ : 

Lawrenc e Erlbau m Associates . 

Osborne ,  D .  G .  (1979) .  Min d o n ice .  Physic s 

Educatio n 14:414-417 . 

Piaget ,  J .  1980 .  Experiment s i n contradictio n (trans . 

D.  Coltman) .  Chicago :  Universit y o f  Chicag o 

Press . 

Rajamoney ,  S .  A .  1989 .  Exemplar-base d theor y 

rejection :  A n approac h t o th e experienc e 

consistenc y problem .  I n Proceeding s o f  th e Sixt h 

Internationa l  Worksho p o n Machin e Learning , 

284-289 .  Sa n Mateo ,  CA :  Morga n Kaufman n 

Publishers . 

Raup,  D .  M .  1986 .  Th e Nemesi s Affair .  A  stor y o f 

th e deat h o f  dinosaur s an d th e way s o f  science . 

New York :  W.  W .  Norto n & .  Company . 

Tweney,  R .  D .  1990 .  Fiv e question s fo r  computa -

tionalists .  I n J .  Shrage r  an d P .  Langle y (eds.) . 

Computationa l  model s o f  scientifi c  discover y an d 

theor y formatio n (pp .  471-484) .  Sa n Mateo ,  CA : 

Morga n Kaufman n Publishers . 

Vosniadou ,  S. ,  an d Brewer ,  W .  F .  (i n press) .  Menta l 

model s o f  th e earth :  A  stud y o f  conceptua l 

chang e i n childhood .  Cognitiv e Psychology . 

170 


	cogsci_1992_165-170



