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Abst rac t 

In order to imderstand conceptual change, it is crucial 
t o understan d h o w peopl e respon d t o anomalou s 
information .  Th e purpos e o f  thi s pape r  i s t o presen t 
a framewor k fo r  imderstandin g ho w peopl e respon d 

t o anomalou s dat a an d wh y the y respon d a s the y do . 
First ,  w e presen t  a  taxonom y o f  seve n response s t o 

anomalou s data .  Second ,  w e presen t  a n analysi s o f 
eigh t  factor s tha t  ar e hypothesize d t o influenc e whic h 
of  thes e seve n response s a n individua l  wil l  choose . 
Finally ,  w e presen t  th e result s o f  a n experimen t  tha t 
investigate s severj j  o f  thes e eigh t  factors . 

A key to imderstanding conceptual change is 
understandin g ho w peopl e respon d t o anomalou s 
information .  Informatio n tha t  contradict s a n 

individual' s curren t  belief s i s  importan t  becaus e 
withou t  it ,  a n individua l  ha s n o nee d t o alte r  curren t 
conceptions .  Withou t  th e goa d o f  anomalou s 
information ,  curren t  conception s ar e perfectl y 
adequat e fo r  understandin g th e world . 

A particularl y importan t  for m o f  anomalou s 
informatio n i s anomalou s data .  Anomalou s dat a hav e 
playe d a  centra l  rol e i n conceptua l  chang e i n th e 
histor y o f  scienc e (Kuhn ,  1962 )  an d i n scienc e 
educatio n (Chin n &  Brewer ,  i n press) .  Moreover , 

most  artificia l  intelligenc e system s tha t  mode l 

scientifi c  discover y an d theor y chang e us e jmomalou s 
dat a t o trigge r  th e theor y chang e proces s (e.g. , 
Kulkarn i  &  Simon ,  1988) . 

Chin n an d Brewe r  (1992 ,  i n press )  hav e propose d 
a detaile d taxonom y o f  possibl e response s t o emoma-
lou s data .  W h e n a n individua l  w h o hold s theor y A 
encounter s anomalou s data ,  whic h ma y b e accom -
pjmie d b y a n alternativ e theor y B ,  th e individua l  ca n 
choos e on e o f  seve n response s t o th e anomalou s data : 
1.  Igitor e th e data . 
2.  Rejec t  th e dat a becaus e o f  methodologica l  flaws, 
rando m error ,  o r  allege d fraud . 

3.  Exclud e th e dat a fro m th e domai n o f  theor y A  b 
assertin g tha t  theor y A  i s no t  intende d t o explai n t h 

data . 
4.  Hol d th e dat a i n abeyance ,  i.e. ,  conced e th a 
theor y A  canno t  explai n th e dat a a t  presen t  bu t  asse t 
tha t  theor y A  wil l  b e elaborate d i n th e futur e s o th a 

i t  ca n explai n th e data . 
5.  Accep t  bu t  reinterpre t  th e dat a s o a s t o mak e th i 
dat a consisten t  wit h theor y A . 
6.  Accep t  th e dat a an d mak e minor ,  peripher o 
change s t o theor y A . 
7.  Accep t  th e dat a an d chang e theories ,  possibl y t i 
theor y B . 
Of  thes e seve n responses ,  onl y th e las t  tw o invol v 
any chang e m theor y A ,  an d onl y th e las t  produce s 
chang e tha t  ca n b e calle d conceptua l  change .  T h 
first  si x response s ar e theory-preservin g respons e 
becaus e th e individua l  discount s th e anomalou s da t 
i n orde r  t o protec t  theor y A . 

I n thi s paper ,  w e addres s a  crucia l  issu e i n co n 

ceptua l  change :  Wha t  cause s peopl e t o respon d t ( 
anomalou s dat a a s the y do ? Fo r  example ,  wh y do e 
an bdividua l  rejec t  dat a i n on e instance ,  reinterpr e 
dat a i n anothe r  instance ,  an d chang e theorie s i n y e 
anothe r  instance ? W e propos e a  se t  o f  eigh t  facto r 

tha t  influenc e h o w peopl e respon d t o anomalou s dat a 
the n w e repor t  th e result s o f  a n experimen t  designe i 
t o investigat e severa l  o f  thes e factors . 

Factor s tha t  Influenc e H o w 
Peop l e R e s p o n d t o A n o m a l o u s D a t a 

We propose that an individual's response to anoma 
lou s dat a i s determine d b y th e convergenc e o f  thr e 
cluster s o f  factors :  (a )  th e individual' s curren t  belief i 
(b )  th e characteristic s o f  th e filtemativ e theor y B ,  an i 
(c )  th e characteristic s o f  th e anomalou s data .  W e wi ' 

discus s specifi c  factor s i n eac h o f  thes e cluster s th a 
we hypothesiz e wil l  affec t  ho w peopl e respon d t 
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anomalou s data .  Thes e factor s ar e no t  intende d t o b e 
exhaustive ;  w e presen t  onl y thos e factor s fo r  whic h w e 
thin k ther e i s goo d evidenc e fro m psycholog y an d 
from  th e histor y o f  science . 

Characteristic s o f  th e Individual' s Curren t  Belief s 

We postulate that three characteristics of the 
individuals '  curren t  behef s influenc e h o w th e 
individua l  respond s t o anomalou s data . 
1.  Th e entrenchmen t  o f  theor y A .  A n entrenche d 
theor y i s on e tha t  i s deepl y embedde d i n a  networ k o f 
explanator y beliefs .  A  theor y ca n b e entrenche d 

becaus e i t  i s  well-supporte d b y evidence ,  becaus e i t 
embodie s centra l  ontologica l  assumptions ,  becaus e i t 
cohere s wit h othe r  explanator y theories ,  o r  becaus e i t 
satisfie s socia l  need s suc h a s protectin g one' s eg o (se e 
Chin n &  Brewer ,  i n press) .  W h e n a n individua l  hold s 
a deepl y entrenche d theory ,  th e individua l  i s likel y t o 
make theory-preservin g response s t o th e dat a an d t o 
avoi d theor y change . 

Chin n an d Brewe r  (1992 )  foim d evidenc e tha t 
theorie s tha t  ar e entrenche d becaus e o f  stron g 
evidentia l  suppor t  promot e theory-preservm g 
response s t o anomalou s data .  Undergraduate s rea d 
abou t  th e theor y tha t  th e mas s extinction s a t  th e en d 
of  th e Cretaceou s perio d wer e cause d b y a  meteo r 
strikin g th e earth .  Hal f  o f  th e subject s rea d a  versio n 
tha t  provide d extensiv e evidentia l  suppor t  fo r  th e 
theory ;  th e othe r  hal f  rea d a  versio n tha t  provide d 
onl y on e piec e o f  evidence .  Subject s nex t 
encoimtere d tw o piece s o f  anomalou s dat a an d a n 
alternativ e theory .  Subject s w h o ha d receive d th e 
well-supporte d versio n o f  th e meteo r  impac t  theor y 
wer e les s likel y t o chang e theorie s tha n subject s w h o 
had receive d th e poorly-supporte d version . 
2.  Epistemologica l  commitments .  B y epistemolo^ca l 
commitments ,  w e m e a n belief s abou t  wha t  scientifi c 
knowledg e i s an d h o w on e shoul d judg e a  scientifi c 
theory .  Th e availabl e evidenc e suggest s tha t  childre n 
(an d man y nonscientis t  adults )  posses s soim d 
commonsense epistemologica l  principle s bu t  lac k th e 
mor e sophisticate d epistemologica l  commitment s tha t 
hav e develope d durin g th e growt h o f  scienc e sinc e th e 
Renaissance . 

I n suppor t  o f  th e notio n tha t  childre n posses s 
soun d commonsens e epistemologica l  commitments , 
Samarapungava n (1992 )  foun d tha t  eve n childre n i n 
th e first  grad e prefe r  scientifi c  explanation s tha t  ar e 
internall y consisten t  an d tha t  ar e consisten t  wit h a 
broa d rang e o f  evidence .  However ,  othe r  researcher s 
hav e foun d tha t  children ,  an d ofte n adults ,  lac k mor e 
sophisticate d epistemologica l  understandings .  Fo r 
example ,  Care y e t  al .  (1989 )  reporte d tha t  m a n y 
junio r  hig h schoo l  student s d o no t  full y  understan d 

th e relationshi p betwee n scientifi c  hypothese s an d 

evidence .  Additionally ,  m a n y o f  thes e student s 

believ e tha t  scienc e advance s b y accumulatin g facts . 
Rei f  an d Larki n (1991 )  hav e argue d tha t  scientist s 
appl y m u c h highe r  standard s o f  consistenc y tha n 

nonscientist s do .  I t  appear s likel y tha t  epistemo -
lo^ca l  shortcoming s suc h a s thes e imped e theor y 
chang e an d promot e theory-preservin g responses . 
For  example ,  a  failur e t o insis t  tha t  theorie s b e 
rigorousl y consisten t  wit h empirica l  dat a coul d lea d 
individual s t o ignor e o r  exclud e anomalou s dat a o r  t o 
hol d th e dat a i n abeyance . 
3.  Backgroun d knowledge .  T h e ter m backgroun d 
knowledg e refer s t o scientifi c  knowledg e tha t  enter s 
int o dat a evaluatio n bu t  tha t  i s no t  specificall y par t  o f 
th e theor y unde r  evaluation .  Fo r  example ,  a n 
astronome r  possesse s backgroim d knowledg e abou t 
chemica l  spectr a tha t  ar e simpl y assume d t o b e tru e 
when investigatin g alternativ e theorie s abou t  galacti c 
motion . 

Backgroun d knowledg e i s a  double-edge d sword ; 
i t  ca n promot e eithe r  theory-preservin g response s o r 
theor y change ,  dependin g o n th e interactio n betwee n 
backgroun d behef s an d th e anomalou s information . 
For  instance ,  backgroun d belief s abou t  appropriat e 
researc h procedure s coul d compe l  acceptanc e o f 
empirica l  dat a tha t  adhere d t o thos e procedure s bu t 
lea d t o rejectio n o f  dat a gathere d b y nonconventiona l 
techniques . 

Chin n an d Brewe r  (1992 )  foun d tha t 
imdergraduate s invoke d a  wid e rang e o f  backgroim d 
knowledg e whe n the y evaluate d anomalou s dat a an d 
tha t  the y tende d t o rel y o n thei r  o w n prio r 
backgroun d knowledg e instea d o f  o n informatio n 
containe d i n a  newl y rea d text . 

Characteristic s o f  th e Alternativ e Theor y 

We propose that two characteristics of the alternative 
theor y influenc e h o w peopl e respon d t o anomalou s 
data . 
1.  Th e availabilit y  o f  a  plausibl e alternativ e theory . 
Th e histor y o f  scienc e indicate s tha t  scientist s 
frequentl y m a k e theory-preservin g response s t o 
anomalou s dat a whe n n o plausibl e alternativ e theor y 
i s availabl e (cf .  Kuhn ,  1962) .  A n exampl e i s 
describe d b y Goul d (1980 ,  Ch .  19) .  Easter n 
Washingto n stat e i s dominate d b y a n are a o f  volcani c 
basal t  calle d th e Scablands .  I n tw o area s o f  th e 
Scablands ,  ther e ar e man y dee p charmel s calle d 
coulees .  Afte r  Worl d W a r  I ,  Bret z hypothesize d tha t 
th e channel s wer e th e wor k o f  a  vas t  catastrophi c 
flood  whic h swep t  th e plain s an d gouge d ou t  th e 
channel s withi n jus t  a  fe w days .  Thi s hypothesi s flew 
i n th e fac e o f  th e prevailin g belie f  tha t  al l  geologica l 
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formation s wer e th e produc t  o f  gradua l  change . 
Despit e accumulatin g evidenc e marshale d b y Bretz , 

geologist s o f  th e tim e preferre d t o assum e tha t  th e 

channel s wer e cause d b y man y repeate d flood s ove r 

thousand s o f  years .  W h a t  Bret z lacke d wa s a 

mechanism :  h e coul d no t  explai n ho w s o m u c h wate r 

coul d b e unleashe d al l  a t  once .  Th e geolog y 

communit y becam e convince d tha t  a  mor e 
catastrophi c explanatio n wa s neede d onl y whe n 

geologist s i n Montan a foun d evidenc e tha t  a  larg e 

glacia l  lak e tha t  onc e existe d ther e ha d poure d ou t 

massiv e amount s o f  wate r  t o th e west . 
I n a n experimenta l  study ,  Burbule s an d Lin n 

(1988 )  examine d th e effect s o f  anomalou s dat a o n 
adolescents '  knowledg e abou t  h o w m u c h wate r  i s 
displace d b y heavier-than-wate r  object s o f  differen t 
sizes ,  shapes ,  an d weights .  T h e student s bega n wit h 
th e misconceptio n tha t  th e weigh t  o f  a n objec t 
determine s h o w m u c h wate r  i s displaced .  A  perio d o f 

experimentatio n le d man y student s t o th e correc t 
principle ,  bu t  man y othe r  student s persiste d i n thei r 
origina l  theory .  However ,  onc e thes e student s wer e 

tol d th e correc t  principle ,  the y change d thei r  theory . 
Anomalou s dat a wer e no t  sufficien t  t o caus e student s 
t o abando n thei r  theory ,  a  plausibl e alternativ e theor y 
was neede d t o trigge r  theor y change . 
2.  Th e qualit y o f  th e alternativ e theory .  G o o d 
evidenc e exist s tha t  peopl e ar e mor e likel y t o chang e 
theorie s whe n th e alternativ e theor y i s "better "  tha n 
th e curren t  theor y i n th e sense s tha t  (a )  th e alterna -
tiv e theor y explain s a  wide r  scop e o f  evidenc e tha n 
th e curren t  theor y an d (b )  th e alternativ e theor y i s 
mor e accurat e tha n th e curren t  theory ,  Samarapun -
gava n (1992 )  foun d tha t  firs t  grader s preferre d 
tbeorie s tha t  me t  thes e tw o criteria .  Chin n an d 
Brewe r  (1992 )  foun d tha t  subject s wer e mor e likel y t o 
chang e thei r  theorie s i n respons e t o anomalou s dat a 
«1ie n th e alternativ e theor y covere d a  wide r  scop e o f 

dat a mor e accurately . 

Characteristic s o f  th e Anomalou s Dat a 

We hypothesize that three aspects of anomalous data 
influenc e h o w peopl e respon d t o th e data . 
1.  Credibilit y  o f  th e data .  Individual s wil l  rejec t  dat a 
tha t  ar e no t  credible .  Dat a tha t  ar e credibl e m a y 
produc e th e response s o f  exclusion ,  abeyance , 
reinterpretation ,  periphera l  theor y change ,  o r  theor y 
change ,  bu t  no t  rejection . 

Anecdote s fro m th e histor y o f  scienc e sugges t 
tha t  a  researcher' s credibilit y  influence s whethe r 

fello w scientist s beUev e th e dat a collecte d b y th e 
researcher .  Fo r  example ,  afte r  Rontge n reporte d th e 

discover y o f  X  rays ,  on e fello w physicis t  wrote ,  " I 
coul d no t  hel p thinkin g tha t  I  wa s readin g a  fair y tale , 

thoug h th e nam e o f  th e autho r  an d hi s soun d proof s 

soo n reheve d m e o f  an y suc h delusion "  (Glasser ,  1934 , 
p.  29) . 

I t  seem s reasonabl e t o suppos e tha t  th e credi -

bilit y  o f  dat a ca n b e enhance d b y enhancin g th e repu -

tatio n o f  th e experimenter ,  b y adherin g t o accepte d 

data-collectio n methods ,  b y rephcatin g th e data ,  an d 

by allowin g peopl e t o observ e experimenta l  result s 

directly .  Clea r  psychologica l  suppor t  exist s fo r  th e 
first  o f  these .  Socia l  psychologist s hav e foun d tha t 

message s presente d b y credibl e source s ar e mor e 

believabl e tha n message s presente d b y noncredibl e 
source s (se e Reinard ,  1988) . 
2.  Ambiguit y o f  th e data .  Individual s ca n readil y 
reinterpre t  dat a tha t  ar e ambiguou s wit h respec t  t o 
tw o riva l  theories .  Althoug h i t  i s  probabl y tru e tha t 
i t  i s  possibl e t o reinterpre t  an y anomalou s data ,  w e 
believ e tha t  som e dat a ca n b e relativel y unambiguou s 
and har d t o reinterpret . 

A n exampl e come s fro m th e histor y o f  th e inter -
pretatio n o f  dinosau r  track s (se e Desmond ,  1975) . 

Th e track s o f  smal l  bipeda l  dinosaur s ar e simila r  t o 

thos e o f  birds ;  hence ,  scientist s ofte n argue d tha t 
thes e wer e bir d tracks .  However ,  i t  wa s harde r  t o 
reinterpre t  th e dat a o f  large r  tracks ,  an d s o thes e 
wer e accepte d a s dinosau r  track s befor e thos e fro m 
smal l  dinosaurs . 

Researc h reporte d b y Stav y (1991 )  indicate s tha t 
unambiguou s dat a ar e mor e likel y t o promot e theor y 
chang e tha n ar e ambiguou s data .  I n he r  study ,  stu -
dent s w h o observe d a n experimen t  m whic h acetone , 
whic h i s colorless ,  wa s boile d resiste d th e conclusio n 

tha t  mas s wa s conserve d durin g th e boiling .  H o w -
ever ,  student s w h o observe d blu e iodin e bein g boile d 
coul d clearl y se e blu e ga s remainin g i n th e flask. 
Confronte d wit h a  relativel y unambiguou s demonstra -
tio n tha t  th e iodin e di d no t  simpl y disappear ,  thes e 
student s accepte d th e notio n tha t  mas s i s conserved . 

3.  Existenc e o f  multipl e line s o f  evidence .  I n 
science ,  i t  usuall y require s man y studies ,  ofte n 
spannin g year s o f  research ,  t o rul e ou t  al l  possibl e 
ground s fo r  rejectin g o r  reinterpretin g a  lin e o f 

anomalou s data .  M a n y example s fro m th e histor y o f 
scienc e an d fro m scienc e educatio n sugges t  tha t 

numerou s piece s o f  dat a ca n converg e t o produc e 
theor y chang e instea d o f  theory-preservin g response s 

t o anomalou s dat a (se e Chin n &  Brewer ,  i n press) . 
Ther e i s Uttl e empirica l  researc h o n thi s issue , 
however . 

E x p e r i m e n t 

This experiment was designed to mvestigate how the 
followin g factor s influenc e th e respons e o f  individual s 

t o anomalou s data :  (a )  possessio n o f  a n alternativ e 
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theory ,  (b )  th e strengt h o f  th e data ,  (c )  curren t 
theoretica l  commitments ,  an d (d )  backgroun d 
knowledge . 

Metho d 

Domain. The scientific domain used in this study was 
th e mas s extinctio n a t  th e en d o f  th e Cretaceou s 
period . 

Subjects .  Th e subject s wer e 6 4 undergraduate s 
enrolle d i n a n introductor y educationa l  psycholog y 
course . 
Design .  T w o factors ,  th e availabilit y  o f  a n alternativ e 
theor y (availabl e versu s no t  available )  an d th e 
strengt h o f  th e dat a (stron g versu s weak) ,  wer e 
manipulate d i n a  2  X  2  design .  Pilo t  wor k ha d le d u s 
t o doub t  whethe r  manipulatio n o f  th e strengt h o f  th e 
dat a woul d produc e reliabl e effect s becaus e subject s 
ca n dra w upo n backgroun d knowledg e t o find  way s t o 
discredi t  almos t  an y data ,  bu t  w e hope d tha t 
manipulatin g th e strengt h o f  th e dat a woul d increas e 
th e rang e o f  qualitativ e response s m a d e t o th e data . 
Procedur e an d materials .  Al l  subject s bega n b y read -
in g a  16(X)-wor d tex t  abou t  th e meteo r  impac t  theor y 
of  Cretaceou s extinctions ;  seve n separat e piece s o f 
evidenc e i n suppor t  o f  th e theor y wer e presented . 
O ne piec e o f  evidence ,  fo r  excunple ,  wa s tha t  th e laye r 
of  cla y tha t  mark s th e en d o f  Cretaceou s sediment s i n 
th e geologi c recor d throughou t  th e worl d contain s a n 
extremel y larg e smioim t  o f  iridium .  Th e tex t 
explaine d tha t  meteor s wer e th e mos t  plausibl e sourc e 
of  suc h a  hig h concentratio n o f  iridium .  Afte r 
readin g abou t  th e theory ,  subject s rate d thei r  belie f  i n 
th e meteo r  impac t  theory .  Thi s rating ,  lik e al l  othe r 
rating s describe d below ,  wa s m a d e o n a  0  t o 1 0 Liker t 
scale .  Subject s als o wrot e dow n a n explanatio n fo r 
eac h ratin g the y made .  Subject s i n th e alternative -
theor y conditio n the n rea d abou t  a n alternativ e theor y 
statin g tha t  th e mas s extinction s wer e cause d b y 
prolonged ,  massiv e volcani c eruptions .  Thes e subject s 
the n rate d thei r  belie f  i n bot h theories .  Subject s i n 
th e no-altemative-theor y conditio n di d no t  receiv e an y 
informatio n abou t  th e volcan o theory . 

Next  al l  subject s rea d abou t  a  piec e o f  dat a tha t 
was anomalou s fo r  th e meteo r  impac t  theory .  Sub -
ject s i n th e weak-dat a conditio n wer e give n th e result s 
of  a  singl e scientifi c  experimen t  bu t  wer e tol d littl e 
abou t  th e metho d o f  th e experiment .  Ther e wer e tw o 
differen t  piece s o f  wea k data ,  counterbalance d acros s 
subject s m th e weak-dat a condition .  A s a n example , 
on e piec e o f  wea k dat a state d tha t  tw o scientist s ha d 
examine d th e laye r  o f  cla y a t  on e sit e an d ha d 
conclude d tha t  i t  ha d bee n deposite d ove r  10,00 0 
years ,  no t  ove r  a  fe w month s o r  year s a s th e meteo r 
impac t  theor y suggests .  Subject s i n th e strong-dat a 

conditio n receive d on e o f  tw o counterbalance d piece s 

of  stron g data .  Th e tw o piece s o f  stron g dat a wer e 

generate d o n th e basi s o f  response s m a d e b y pilo t 

subject s t o th e tw o piece s o f  wea k data ;  w e attempte d 

t o creat e dat a tha t  woul d mee t  al l  o f  th e objection s 
raise d b y thes e earlie r  subject s t o th e wea k data .  Fo r 

example ,  on e piec e o f  stron g dat a explaine d tha t 

numerou s scientist s al l  ove r  th e worl d usin g tw o 
independen t  method s ha d al l  conclude d tha t  th e cla y 
boundar y ha d bee n deposite d ove r  10,00 0 years . 

Afte r  readin g th e data ,  subject s rate d th e dat a i n 
tw o differen t  ways .  First ,  the y rate d th e exten t  t o 
whic h the y believe d tha t  th e dat a wer e valid .  Thi s 
provide d a  measur e o f  whethe r  th e subject s accepte d 
or  rejecte d th e data .  Second ,  the y rate d th e exten t  t o 
whic h the y believe d tha t  th e data  (i f  valid )  wer e 
inconsisten t  wit h th e meteo r  impac t  theory .  Thi s wa s 
a measur e o f  whethe r  th e subject s reinterprete d th e 
data ;  a  lo w scor e o n thi s scal e indicate d tha t  th e 
subjec t  wa s reinterpretin g th e data  a s consisten t  wit h 
th e meteo r  impac t  theory .  The n subject s rate d an d 
explaine d thei r  curren t  belie f  i n th e meteo r  impac t 
theor y again .  Subject s i n th e alternative-theor y 
conditio n als o rate d an d explaine d thei r  belie f  i n th e 
volcan o theor y a  secon d time . 

Result s an d Discussio n 

EfTects of the alternative theory. Surprisingly, the 
alternativ e theor y affecte d neithe r  th e evaluatio n o f 
dat a no r  th e late r  rating s o f  th e meteo r  impac t 
theory .  Fo r  instance ,  ther e wa s n o differenc e 
betwee n alternative-theor y subject s an d no -
alternative-theor y subject s i n th e decreas e i n rating s 
give n th e meteo r  impac t  theor y afte r  exposur e t o th e 
anomalou s dat a [decrease s o f  .9 7 an d .72 ,  respectively , 
F(l,63 )  <  1] .  A  possibl e explanatio n fo r  thi s resul t  i s 
tha t  th e lac k o f  a n alternativ e theor y produce s theory -
preservin g response s onl y whe n subject s hav e a  stron g 
nee d fo r  a  theor y t o explai n a  domai n o f  data .  Mos t 
undergraduate s probabl y d o no t  fee l  a  pressin g nee d 
t o hav e a  theor y t o explai n Cretaceou s extinctions . 
Perhap s i n domain s wher e peopl e reall y nee d a  viabl e 
theory ,  the y wil l  no t  ^ v e u p thei r  theor y imti l  a n 
alternativ e i s available . 
Effect s o f  strengt h o f  data .  Consisten t  wit h ou r 
earlie r  pilo t  data ,  th e manipulatio n o f  th e strengt h o f 
th e dat a di d no t  influenc e subjects '  rating s o f  th e dat a 
(e.g. ,  rating s o f  belief :  5. 4 versu s 5.6 ,  F  <  1) .  A n 
examinatio n o f  th e writte n protocol s suggeste d tha t 
some subject s wer e influence d b y th e stron g data . 
Othe r  subject s wer e abl e t o discoun t  th e stron g dat a 
onl y b y ignorin g on e o f  th e tw o independen t  line s o f 
evidenc e presented ;  7  o f  th e 1 6 subject s w h o rejecte d 
th e stron g dat a di d s o b y attackin g on e o f  th e line s o f 
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researc h bu t  ignorin g th e other . 

Effect s o f  theor y preferenc e o n dat a evaluation .  W e 

carrie d ou t  a  serie s o f  foUow-u p analyse s b y dividin g 

th e subject s int o tw o groups .  O n e group ,  th e volcan o 

proponents ,  include d th e te n subject s i n th e 
alternative-theor y conditio n w h o preferre d th e 
volcan o theor y immediatel y befor e readin g th e 
anomalou s data .  T h e othe r  group ,  th e meteo r  impac t 
theor y proponents ,  include d th e 3 2 subject s i n eithe r 
th e alternative-theor y o r  th e no-altemative-theor y 

conditio n w h o gav e th e meteo r  impac t  theor y a  hig h 

beUef  ratin g ( 8 o r  higher )  immediatel y befor e readin g 

th e anomalou s data . 
Ther e wa s a  stron g effec t  o f  theor y preferenc e o n 

h o w subject s rate d th e data .  Proponent s o f  th e 

volcan o theor y rate d th e exac t  sam e dat a a s mor e 
behevabl e tha n di d proponent s o f  th e meteo r  impac t 
theor y [1 2 versu s 5.1 ,  t(40 )  =  2.48 ,  p  <  .02] . 
Moreover ,  proponent s o f  th e volcan o theor y wer e 
m u ch mor e likel y tha n proponent s o f  th e meteo r 
impac t  theor y t o accep t  th e data .  Acceptin g th e dat a 
was define d a s bot h beUevin g tha t  th e dat a wer e vaU d 

(i.e. ,  givin g th e dat a a  beUe f  ratin g o f  6  o r  more )  an d 
behevin g tha t  th e dat a wer e inconsisten t  wit h th e 
meteo r  impac t  theor y (i.e. ,  givin g th e dat a a n 
inconsistenc y ratin g o f  6  o r  more) .  B y thi s definition , 
6 o f  th e 1 0 volcan o proponent s accepte d th e data ; 
onl y 4  o f  3 2 meteo r  impac t  proponent s accepte d th e 
data .  Thi s differenc e wa s statisticall y reUabl e [OC'Cl ) 
= 7.04 ,  p  <  .01] .  T h e remainin g 2 8 meteo r  impac t 
proponent s rejecte d th e data ,  reinterprete d th e data , 
or  di d both . 

Thes e result s indicat e tha t  th e subjects ' 
theoretica l  commitment s exerte d ver y stron g effect s 
o n thei r  evaluatio n o f  th e sam e piec e o f  data .  Th e 
siz e o f  thi s effec t  wa s unexpected .  Considerin g tha t 

th e subject s wer e unlikel y t o hav e bee n deepl y o r 
emotionall y committe d t o th e meteo r  impac t  theory , 
i t  i s  surprisin g tha t  the y wer e s o strongl y resistan t  t o 
acceptin g th e anomalou s data .  Subjects '  evaluatio n o f 
dat a wa s heavil y theory-laden . 

Anomalou s dat a a s mediatin g belie f  change .  Th e 
result s als o sugges t  tha t  subjects '  rating s o f  dat a wer e 
not  entirel y theory-laden .  S o m e subject s di d accep t 
th e dat a despit e a  stron g belie f  m th e meteo r  impac t 

theory ,  an d whe n subject s accepte d th e data ,  the y als o 
lowere d thei r  beUe f  i n th e meteo r  impac t  theory . 

We di d no t  expec t  eithe r  subjects '  rating s o f 
whethe r  the y believe d th e dat a o r  thei r  rating s o f 
whethe r  th e dat a wer e inconsisten t  wit h th e meteo r 
impac t  theor y t o b e reUabl y associate d wit h beUe f 

change .  Thi s i s becaus e dat a give n hig h belie f  rating s 

ca n b e discounte d b y givin g th e dat a lo w inconsistenc y 
ratings ,  an d vic e versa .  Thus ,  i t  i s  necessar y t o hav e 

a measur e tha t  indicate s th e exten t  t o whic h subject s 
discounte d th e dat a eithe r  b y rejectio n o r  reinter -

pretation .  A n appropriat e measur e i s obtaine d b y 

multiplyin g th e belie f  measur e wit h th e inconsistenc y 

measur e (cf .  Carlso n &  Dulany ,  1988) .  A  hig h scor e 

on thi s multiplicativ e measur e indicate s tha t  a  subjec t 

bot h believ e th e dat a an d view s th e dat a a s 
inconsisten t  wit h th e meteo r  impac t  theory .  A  scor e 
nea r  zer o i s obtaine d whe n eithe r  beUe f  o r 

inconsistenc y rating s ar e nea r  zero . 
Belie f  chang e wa s no t  reUabl y associate d eithe r 

wit h subjects '  rating s o f  whethe r  the y beUeve d th e 
dat a ( r  =  -.24 )  o r  wit h subjects '  rating s o f  whethe r 

th e dat a wer e inconsisten t  wit h th e meteo r  impac t 
theor y ( r  =  -.27) .  However ,  th e multiplicativ e 

measur e wa s reUabl y associate d wit h belie f  chang e 
( r  =  -.46 ,  two-taile d p  <  .001) .  A  regressio n analysi s 
showe d tha t  controllin g fo r  al l  manipulate d factor s 
and fo r  prio r  beUe f  i n th e meteo r  impac t  theory ,  th e 

multiphcativ e measur e o f  discountin g dat a wa s 
strongl y relate d t o belie f  chang e [F(l,63 )  =  23.66 , 
A R*  =  .25) .  Thus ,  eve n whe n top-dow n theory-lade n 
effect s wer e statisticall y controlled ,  subjects ' 

evaluatio n o f  th e dat a independentl y influence d late r 
belief .  Subject s w h o full y accepte d th e dat a 
decrease d thei r  belie f  i n th e meteo r  impac t  theor y 
mor e tha n subject s w h o discounte d th e dat a vi a 
rejectio n o r  reinterpretation . 

Backgroun d knowledge .  Give n th e massiv e 
discountin g o f  th e dat a b y th e subject s w h o preferre d 
th e meteo r  impac t  theory ,  i t  i s  importan t  t o examin e 
thei r  rational e fo r  discountin g th e data .  W e hav e 
therefor e carrie d ou t  a  qualitativ e examinatio n o f  th e 
explanation s provide d b y th e subjects . 

Summary o f  reason s fo r  rejectin g data .  I n all ,  3 3 
subject s provide d classifiabl e explanation s fo r  wh y 
the y rejecte d th e first  piec e o f  anomalou s data .  Thei r 
explanation s fel l  int o five  categories :  (a )  rejectio n 
becaus e th e scientist s ha d overlooke d on e o r  mor e 
relevan t  experimenta l  factors ,  (b )  rejectio n becaus e o f 
specifi c  methodologica l  flaws ,  (c )  rejectio n o n th e 
ground s tha t  mor e researc h o r  mor e informatio n wa s 
needed ,  (d )  rejectio n o n th e ground s tha t  th e meteor -
impac t  theor y wa s s o well-supporte d tha t  th e ne w 
dat a mus t  b e incorrect ,  an d (e )  rejectio n becaus e th e 
dat a contradicte d s o m e nontheoretica l  o r 
nonmethodologica l  backgroim d beUefs ,  suc h a s belief s 
abou t  othe r  empirica l  dat a tha t  woul d b e har d t o 
explai n i f  th e anomalou s dat a wer e valid . 

S u m m a ry o f  reason s fo r  acceptin g data .  Reason s 
fo r  acceptin g dat a a s vali d fit  int o comparabl e 

categories :  (a )  acceptanc e becaus e o f  goo d 
methodology ,  (b )  acceptanc e becaus e o f  multipl e 

replication s o r  independen t  line s o f  evidence ,  (c ) 
acceptanc e becaus e o f  th e genera l  prestig e o f  scienc e 
and scientists ,  (d )  theory-drive n acceptance ,  an d (e ) 
acceptanc e becaus e o f  consistenc y wit h nontheoretica l 

backgroun d knowledg e an d intuitions .  Th e protocol s 
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Figur e 1 .  Processe s o f  respondin g t o anomalou s data . 

sugges t  tha t  thos e subject s w h o believe d th e meteo r 
impac t  theor y bu t  nevertheles s accepte d th e dat a di d 
so becaus e thei r  backgroun d knowledg e tol d the m 
tha t  th e dat a wer e valid ,  ofte n becaus e o f  specifi c 
methodologica l  strengths . 

G e n e r a l  Discussio n 

The data reported in this paper suggest that subjects 
responde d t o anomalou s dat a i n th e manne r  show n i n 
Figur e 1 .  Th e stronges t  influenc e o n ho w subject s 
processe d anomalou s dat a wa s thei r  theoretica l 
commitment .  Subject s w h o strongl y believe d th e 
meteo r  impac t  theor y tende d t o discoun t  th e dat a an d 
thereb y maintai n thei r  belie f  i n th e meteo r  impac t 
theory .  Mos t  o f  thes e subject s als o appeale d t o extra -
theoretica l  backgroun d knowledg e t o justif y thei r 
discountin g o f  th e data .  B y contrast ,  i t  appear s tha t 
some subjects '  backgroun d knowledg e constraine d 
the m t o accep t  th e anomalou s data .  W h e n thi s 
occurred ,  thei r  acceptanc e o f  th e dat a furthe r 
constraine d the m t o reduc e thei r  beUe f  i n th e curren t 
theory .  A  continuin g sequenc e o f  anomalou s data , 
then ,  migh t  eventuall y lea d t o abandonmen t  o f  th e 
curren t  theor y i n favo r  o f  a n alternativ e theory . 

The crucia l  lin k i n th e theor y chang e proces s i s 
th e lin k betwee n backgroim d knowledg e an d 
acceptin g th e anomalou s data .  I n ou r  experiment , 
onl y a  fe w subject s wh o strongl y believe d th e meteo r 
impac t  theor y accepte d th e anomalou s data .  Th e 
desig n o f  th e presen t  experimen t  doe s no t  allo w u s t o 
answer  th e questio n o f  ho w thes e individual s differe d 
fro m thos e wh o di d no t  accep t  th e anomalou s data . 
Resolutio n o f  thi s importan t  issu e await s futur e 
research . 
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