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Integratio n o f  A n o m a l o u s Dat a i n Multicausa l  Explanation s 

Jose f  Krem s 

Universit y  o f  Regensbur g 
Departmen t  o f  Psycholog y 

D-9305 3 Potsdam ,  German y 
kreins@psychologi e .  uni-regensbur g .  d e 

Abstract 

This paper describes and evaluates a computational model of 
anomalou s dat a integration .  Thi s mode l  make s us e o f  thre e 
factors :  entrenchmen t  o f  th e curren t  theor y (th e amoun t  o f  dat a 
explained) ,  th e relativ e probabilit y  o f  th e contradictor y expla -
nation s (base d o n conditiona l  probabilitie s a s par t  o f  th e 
domain-knowledge) ,  an d th e availabilit y  o f  alternativ e expla -
nation s base d o n learning .  I n a n experimenta l  stud y w e foun d 
tha t  th e enu-enchmen t  o f  a  theor y an d th e availabilit y  an d like -
lihoo d o f  a n alternativ e explanatio n influence d solutio n spee d 
and th e correctnes s o f  inferre d causa l  explanations .  However , 
i n detail ,  th e singl e level s o f  bot h factor s wer e no t  cleari y dis -
tinguishabl e an d di d no t  follo w th e predictions .  Thes e finding s 
sugges t  tha t  entrenchmen t  itsel f  i s  no t  a  majo r  facto r  i n deter -
minin g th e difficult y o f  a  task .  Instead ,  w e hypothesiz e tha t 
tas k difficult y i s  dominate d b y a  person' s abilit y  t o construc t 
an alternativ e explanatio n o f  a  give n situation ,  a  facto r  tha t  i s 
onl y indirectl y relate d t o entrenchment . 

Introduction 

Integrating anomalous data with an existing theory or expla-

natio n i s a n essentia l  subtas k i n scientifi c  discovery ,  diag -

nosti c reasonin g an d i n everyda y proble m solvin g suc h a s 

stor y understanding .  I n thi s pape r  w e focu s o n th e integra -

tio n o f  anomalou s dat a int o a n existin g multicausa l  explana -

tio n fo r  a  se t  o f  observations .  I n it s simples t  form ,  a  causa l 

inferenc e ha s th e followin g form :  Give n knowledg e tha t  A 

cause s B ,  upo n observin g B ,  A  i s hypothesize d a s th e expla -

natio n fo r  B .  Thi s i s a  kin d o f  abductiv e inferenc e (Joseph -

son &  Josephson ,  1994) .  I n multicausa l  abductiv e task s th e 

explanatio n i s  compose d o f  multipl e causa l  hypotheses , 

whic h togethe r  explai n th e observations .  A n anomal y occur s 

when ne w evidenc e contradict s th e existin g explanation .  Th e 

genera l  proble m the n i s t o decid e h o w t o modif y th e multi -

causa l  explanation ,  s o tha t  al l  evidence ,  includin g th e ne w 

observation ,  i s  explained .  W e hav e designe d an d imple -

mente d a  menta l  mode l  base d theor y o f  abductio n i n Soa r 

(se e Johnson ,  K rem s &  A m r a ,  1994 ,  fo r  details )  fo r  whic h 

we hav e propose d a  mechanis m o f  anomalou s dat a interpre -

tation .  Thi s pape r  describe s thi s mechanis m an d als o pre -

sent s result s o f  a n experimenta l  stud y i n whic h th e cognitiv e 

plausibilit y  o f  th e mechanis m wa s evaluated . 

Tod d R .  Johnso n 

Divisio n o f  Medica l  Informatic s an d 
Cente r  fo r  Cognitiv e Scienc e 

The Ohi o Stat e Universit y 
Columbus ,  Ohi o 4321 0 
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Multicausal Explanations and Anomalies 

In abductive reasoning, an anomaly occurs whenever new 
evidenc e contradict s on e o r  mor e hypothese s i n th e exist -

in g multicausa l  explanatio n fo r  previousl y give n evidence . 

N e w evidenc e ca n contradic t  th e existin g explanatio n i n 

on e o f  tw o ways :  1 )  Th e n e w evidenc e i s logicall y incon -

sisten t  wit h th e existin g explanation ,  suc h tha t  ther e i s n o 

way t o explai n th e ne w evidenc e withou t  modifyin g th e 

explanation ;  o r  2 )  Th e hypothesi s chose n t o explai n th e 

n e w evidenc e contradict s th e existin g explanation ,  bu t  a 

differen t  hypothesi s fo r  th e n e w evidenc e i s  consisten t 

wit h th e explanation . 

W h en a n anomal y occurs ,  th e reasone r  mus t  eithe r  m o d -

if y th e ol d explanatio n s o tha t  i t  i s  vali d fo r  bot h th e n e w 

an d pre-existin g evidence ,  o r  selec t  a  differen t  hypothesi s 

fo r  th e n e w dat a s o tha t  th e n e w hypothesi s i s consisten t 

wit h th e explanatio n fo r  th e ol d evidence .  Ou r  majo r 

researc h questio n i s t o clarif y th e factor s tha t  affec t  thi s 

decisio n an d th e processe s use d t o m a k e th e decision . 

Previou s studie s o f  th e interpretatio n o f  anomalou s dat a 

provid e evidenc e o n th e rol e o f  variou s factors ,  suc h a s 

entrenchmen t  o f  a  theory ,  th e availabilit y  an d likelihoo d o f 

an alternativ e explanation ,  an d a  subject' s backgroun d 

knowledge .  Chin n an d Brewe r  (1993 )  argu e tha t  th e 

entrenchmen t  o f  a  theor y i s on e o f  th e characteristic s o f  a n 

individual s curren t  belief s tha t  influenc e h o w a  perso n 

respond s t o anomalies .  O n e w a y theorie s ar e entrenche d i s 

du e t o th e amoun t  o f  evidenc e the y explain .  Applie d t o 

abductiv e reasonin g thi s shoul d m e a n tha t  theory-preserv -

in g response s shoul d covariat e wit h th e amoun t  o f  dat a 

alread y explaine d b y th e curren t  theory .  Th e literatur e o n 

th e confirmatio n bia s (e.g. ,  K layma n &  Ha ,  1987 ;  K rems , 

1994 )  a s wel l  a s studie s b y Burbule s an d Lin n (1988 )  als o 

indicat e tha t  th e availabilit y  an d likelihoo d o f  a n alterna -

tiv e hypothesi s ca n influenc e a  person' s respons e t o anom -

alou s data . 

Althoug h researcher s hav e propose d severa l  model s o f 

scientifi c  discover y an d abductiv e reasoning ,  mos t  d o no t 

provid e a  detaile d proces s mode l  o f  anomalou s dat a inter -

pretation .  Fo r  example ,  Dunba r  an d Klahr' s (1989 )  mode l 

( S D D S,  Scientifi c  Discover y a s Dua l  Search )  show s h o w 

explanation s ar e forme d an d modifie d b y searchin g i n 

hypothesi s an d experimen t  spaces ,  bu t  doe s no t  provid e a 
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detaile d descriptio n o f  wha t  happen s whe n n e w dat a contra -

dict s th e curren t  explanation .  Thagard' s (1992 )  theor y o f 

explanator y coherenc e ( T E C )  offer s a n accoun t  o f  h o w 

anomalou s dat a affect s th e strengt h (o r  coherence )  o f  ne w 

and existin g hypotheses ;  however ,  i t  doe s no t  offe r  a  theor y 

fo r  h o w peopl e us e belie f  change s t o decid e h o w t o modif y 

th e explanatio n s o tha t  i t  ca n accoun t  fo r  bot h th e ne w an d 

ol d data .  T E C doe s imply ,  however ,  tha t  a  perso n woul d 

attemp t  t o retai n th e mos t  coheren t  hypotheses.  Thus ,  i t 

seems reasonabl e fo r  a  mode l  base d o n T E C t o searc h fo r 

alternativ e hypothese s t o replac e th e les s coherent ,  contra -

dictor y hypotheses .  Theorie s base d o n case-base d explana -

tio n generatio n (Schank ,  Riesbec k an d Kass ,  1994 ) 

emphasiz e th e rol e o f  prio r  experienc e i n explainin g anoma -

lies .  Rea d an d Ces a (1991 )  showe d tha t  expectatio n failure s 

ar e importan t  cue s fo r  retrievin g relevan t  memorie s o f  previ -

ous anomalies .  However ,  littl e i s  k n o w n abou t  th e proces s o f 

explanatio n modification . 

A Computational Model 

Basic Features of the Model 

In previous work, we developed a mental model based the-

or y o f  abductio n an d implemente d i t  i n Soa r  (Newell ,  1990) . 

For  detail s o f  th e mode l  se e Johnson ,  K rem s an d A m r a 

(1994) .  W e vie w abductio n a s th e sequentia l  comprehensio n 

and integratio n o f  dat a int o a  singl e situatio n mode l  tha t 

represent s th e curren t  bes t  explanatio n o f  th e data .  Suppos e 

tha t  a  ne w datu m i s available .  First ,  th e situatio n mode l  i s 

update d t o includ e th e n e w datum .  Next ,  th e ne w datu m i s 

comprehended ,  i.e. ,  knowledg e i s brough t  t o bea r  t o 

determin e wha t  th e ne w datu m implie s abou t  th e situation . 

Comprehensio n result s i n on e o r  mor e explanation s fo r  th e 

datum ,  wher e eac h explanatio n consist s o f  on e o r  mor e 

hypothese s togethe r  wit h th e dat a the y explain .  I f  th e gener -

ate d explanatio n i s inconsisten t  wit h an y hypothese s o r  dat a 

i n th e existin g situatio n model ,  a n anomal y ha s occurre d an d 

th e mode l  mus t  b e update d b y eithe r  findin g a n alternativ e 

explanatio n fo r  th e ne w datu m o r  b y alterin g a n explanatio n 

fo r  th e ol d data . 

Processing Anomalous Data 

The model responds to anomalous data by rejecting all but 

one o f  th e anomalou s explanation s an d the n constructin g 

alternativ e explanation s fo r  th e dat a lef t  unexplaine d b y th e 

rejection(s) .  I t  doe s thi s usin g a  limite d lookahea d searc h t o 

determin e whic h explanatio n i s th e bes t  t o keep .  Suppos e 

tha t  explanations ,  e l  an d e2 ,  fo r  tw o data ,  d l  an d d2 ,  ar e 

inconsistent .  I n th e lookahea d searc h i t  firs t  select s on e o f 

th e explanations ,  sa y el ,  an d reject s it .  The n i t  searche s fo r 

an alternativ e explanatio n fo r  d l  an d evaluate s th e resultin g 

situatio n model .  Nex t  i t  return s t o th e origina l  anomalou s sit -

uation ,  reject s e2 ,  searche s fo r  a n alternativ e t o explai n d 2 

and evaluate s th e results . 

Th e mode l  the n reject s th e explanatio n whos e rejectio n 

resulte d i n th e bes t  situatio n mode l  (wher e bes t  i s  define d 

as th e mode l  tha t  explain s th e mos t  dat a wit h th e fewes t 

number  o f  explanator y components) .  Fo r  example ,  i f 

rejectin g e l  result s i n a  bette r  alternativ e explanatio n (tha n 

tha t  foun d b y rejectin g el) ,  the n e l  wil l  b e rejecte d an d th e 

alternativ e explanatio n fo r  e l  wil l  b e used . 

I f  a n alternativ e explanatio n fo r  on e o f  th e dat a item s 

canno t  b e foun d (eithe r  becaus e non e exist s o r  becaus e 

processin g limitation s preven t  adequat e search) ,  the n th e 

explanatio n fo r  tha t  datu m wil l  b e retaine d an d th e expla -

natio n fo r  th e othe r  datu m wil l  b e modified .  I f  rejectin g e l 

and e l  resul t  i n equall y goo d situatio n models ,  the n th e 

differenc e betwee n th e probabilitie s (i f  known )  tha t  e l 

explain s d l  versu s tha t  e l  explain s d l  i s  use d t o brea k th e 

tie .  Th e probabilit y  (o r  frequency )  tha t  a  give n se t  o f  evi -

denc e i s explaine d b y a  certai n se t  o f  cause s i s no t  calcu -

late d b y th e mode l  bu t  i s considere d t o b e par t  o f  th e 

domai n knowledge .  A  numbe r  o f  studie s revea l  tha t  peo -

pl e ca n implicitl y  acquir e suc h frequenc y o f  occurrenc e 

informatio n an d the n us e i t  durin g decisio n makin g (se e 

Hashe r  & Z a c k s ,  1984) . 

Thus ,  t o decid e whic h explanatio n t o reject ,  th e mode l 

makes us e o f  thre e factors :  entrenchmen t  o f  th e curren t 

theor y (th e amoun t  o f  dat a explained) ,  th e relativ e proba -

bilit y  o f  th e contradictor y explanation s (base d o n condi -

tiona l  probabilitie s a s par t  o f  th e domai n knowledge) ,  an d 

th e availabilit y  o f  alternativ e explanations . 

We assum e tha t  th e availabilit y  o f  alternativ e explana -

tion s depend s o n situation-specifi c  knowledg e an d th e 

amount  o f  tim e spen t  searchin g fo r  a n alternative .  Th e 

mor e ofte n a  situatio n i s face d i n whic h th e existin g expla -

natio n i s replace d b y a n alternative ,  th e mor e likel y i t  i s 

tha t  th e perso n ha s generate d a n appropriat e alternativ e fo r 

tha t  explanation .  Thi s mean s tha t  availabilit y  o f  potentia l 

explanation s shoul d increas e wit h proble m solvin g experi -

ence .  I t  als o mean s tha t  subjects '  confidenc e i n thei r 

explanation s shoul d correlat e wit h th e relativ e frequencie s 

tha t  th e explanation s wer e correc t  fo r  a  se t  o f  data . 

The Task 

To explore human abductive problem solving we use a 

tas k calle d Blac k Bo x ( B B X ) .  I n thi s task ,  fou r  atom s ar e 

hidde n i n a  bo x (a n 8  x  8  matrix )  an d th e player' s goa l  i s  t o 

discove r  thei r  location s b y shootin g ray s int o th e bo x (th e 

subject s ar e traine d o n thes e rule s prio r  t o introducin g 

the m t o th e abductiv e task) .  Th e B B X devic e i s show n i n 

Figur e 1 .  Eac h ato m (labele d 1-4 )  ha s a  fiel d o f  influenc e 

(show n a s a  large r  circl e aroun d th e atom) .  Thes e field s 

deflec t  o r  absor b ligh t  ray s (accordin g t o certai n laws )  a s 

illustrate d i n th e figure .  I f  a  ra y directl y hit s a n atom ,  i t  i s 

absorbed ,  an d th e ray' s inpu t  cel l  i s  marke d wit h a  circl e 

(Ray s B ,  C ,  D  an d E ) ;  i f  a  ra y enter s an d exit s a t  th e sam e 

locatio n (Ray s I ,  J  an d H ) ,  tha t  locatio n i s marke d wit h 
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Figur e 1 :  Th e Blac k Bo x wit h fou r  atom s an d th e path s o f  se v 

era l  ligh t  rays  visible . 

double arrows (this is called a reflection); otherwise, the 

location s a t  whic h th e ra y enter s an d exit s th e bo x ar e 

marke d wit h a  uniqu e symbo l  (Ray s A ,  F  an d G ,  marke d 

wit h letters) .  Th e playe r  doe s no t  actuall y se e th e pat h tha t 

th e ray  follows ;  hence ,  th e pat h mus t  b e inferred . 

We selecte d Blac k B o x fo r  thre e primar y reasons .  First ,  i t 

share s man y feature s wit h real-worl d abductiv e task s suc h a s 

devic e diagnosi s an d medica l  tes t  interpretation .  Thes e simi -

laritie s include :  1 )  Additiona l  dat a mus t  b e collecte d base d 

on th e curren t  workin g hypothesis ;  2 )  Th e dat a ca n b e 

decompose d int o subset s suc h tha t  th e dat a i n a  subse t  ca n b e 

explaine d b y th e sam e hypothesis ;  an d 3 )  A  singl e datu m ca n 

requir e multipl e individua l  hypothese s t o explain .  Second , 

Blac k Bo x i s eas y t o understand—subject s easil y lear n th e 

rule s o f  th e tas k withi n on e hou r  o f  training .  Third ,  on e o f  th e 

majo r  problem s wit h man y studie s o f  abductiv e reasonin g 

(suc h a s thos e don e i n medica l  domain s o r  natura l  scientifi c 

domains )  i s th e difficult y i n controllin g fo r  backgroun d 

knowledg e difference s betwee n subjects .  B y usin g a  sim -

pl e domai n lik e Blac k B o x w e ca n ensur e tha t  al l  subject s 

hav e th e sam e knowledg e o f  th e devic e an d tha t  n o addi -

tiona l  externa l  knowledg e i s give n t o th e subjects . 

Anomalous Data Interpretation in BlackBox 

A typical example of an anomaly in Black Box and two 

ways t o resolv e i t  ar e illustrate d i n Figur e 2 .  I n Figur e 2 a 

th e subjec t  see s Ra y A  an d place s A t o m 1 .  Next ,  Ra y B  i s 

sho t  an d th e subjec t  assume s tha t  th e ray  actuall y travele d 

straigh t  throug h th e bo x a s show n i n Figur e 2a .  Thi s expla -

natio n i s anomalous ,  however ,  wit h th e explanatio n fo r 

Ray A ,  becaus e A t o m 1  wil l  caus e Ra y B  t o tur n t o th e 

right .  Th e typica l  response ,  a t  thi s poin t  i s  t o assum e tha t 

A t o m 1  i s incorrec t  an d t o generat e a n alternativ e explana -

tio n fo r  Ra y A .  Figur e 2 b show s on e possibl e alternativ e i n 

whic h A t o m 1  i s remove d an d Ra y A  i s explaine d usin g 

thre e differen t  atoms .  Figur e 2c ,  however ,  show s a  com -

pletel y differen t  possibilit y  i n whic h Ra y A  i s stil l 

explaine d b y A t o m 1 ,  bu t  Ra y B  i s explaine d b y a n alter -

nativ e configuration .  Thus ,  th e existenc e o f  a n anomal y 

depend s o n h o w th e dat a i s initiall y  explained . 

Entrenchmen t  i n thi s tas k refer s t o th e numbe r  o f  rays 

accounte d fo r  b y a  certai n atom .  Th e mode l  predict s tha t 

th e highe r  thi s numbe r  i s befor e anomalou s dat a ar e see n 

th e harde r  i t  i s  t o giv e u p th e curren t  explanation .  Relativ e 

probabilit y  indicate s whic h o f  th e tw o contradictor y expla -

nation s i s mor e probable .  Specifically ,  relativ e probabilit y 

i s  th e rati o o f  probabilitie s betwee n th e tw o contradictor y 

explanations—^fo r  example ,  betwee n th e probabilit y  tiiat 

Ray A  i s explaine d b y th e pat h show n i n Figur e 2 a an d th e 

probabilit y  tha t  Ra y B  i s explaine d b y th e straigh t  pat h i n 

Figur e 2a .  Th e mode l  predict s tha t  th e les s probabl e expla -

natio n ha s a  greate r  chanc e o f  bein g modified .  Finally ,  th e 

model  predict s tha t  availabilit y  o f  a n explanatio n wil l 

increas e wit h leve l  o f  practice .  Therefore ,  leve l  o f  practic e 

shoul d affec t  a  person' s response s t o anomalou s data . 
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Figur e 2 :  (a )  illustrate s a n anomalou s situation ;  (b )  an d (c )  illustrat e tw o way s t o resolv e th e anomaly . 
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E x p e r i m e n t a l  E v a l u a t i o n o f  th e Predict ion s 

The predictions described in the last section were investi-

gate d i n a n experimenta l  study .  Te n undergraduat e student s 

at  th e Universit y o f  Regensbur g playe d o n fiv e consecutiv e 

day s a  tota l  numbe r  o f  18 5 game s (2 5 trainin g game s an d 1 2 

tes t  game s ever y day) . 

Design and Procedure 

A 5 (level of practice) x 3 (confirmatory evidence) x 4 (rela-

tiv e probability )  within-subject s desig n wa s used .  Th e facto r 

leve l  o f  practic e ha s fiv e levels :  on e fo r  eac h da y o f  training . 

Confirmator y evidenc e wa s measure d i n term s o f  th e numbe r 

of  ra y marker s a n explanatio n (on e o r  mor e atoms )  account s 

for .  Thi s facto r  varie d fro m 2  t o 4 .  Relativ e probabilit y  refer s 

t o th e rati o o f  th e probabilit y  o f  th e ol d versu s th e ne w expla -

nation .  Thi s facto r  ha d fou r  levels :  equal ,  ne w explanatio n i s 

les s likel y tha n th e ol d explanation ,  ne w explanatio n i s mor e 

likely ,  an d ne w datu m absolutel y contradict s th e explanatio n 

fo r  th e ol d data ,  i.e. ,  th e ne w datu m canno t  b e explaine d 

withou t  modifyin g th e existin g explanation .  Th e relativ e 

probabilitie s ar e base d o n th e frequencie s tha t  wer e com -

pute d fo r  al l  possibl e combination s o f  ra y pattern s an d atom s 

i n B B X (e.g. ,  w e kno w tha t  86 .7 % o f  al l  absorption s ar e 

explaine d b y a  singl e atom) .  Combinin g thes e tw o factor s 

result s i n 1 2 differen t  combinations . 

Ever y sessio n consiste d o f  a  trainin g phas e followe d b y a 

tes t  phase .  I n th e trainin g phase ,  subject s wer e traine d o n 2 5 

randoml y generate d games .  I n th e tes t  phase ,  subject s wer e 

presente d wit h 1 2 critica l  case s (on e fo r  eac h o f  th e abov e 

mentione d combinations )  containin g anomalies .  Th e sub -

jects '  tas k i n th e trainin g an d th e tes t  game s wa s t o develo p 

an explanatio n o f  ray s b y placin g atoms .  I n a  modifie d ver -

sio n o f  th e origina l  B B X game ,  subject s coul d plac e atoms , 

remov e atom s o r  as k fo r  ne w data .  N e w dat a wa s requeste d 

by clickin g o n a  button ,  labele d "Mor e Data, "  whic h high -

lighte d on e o f  th e perimete r  cell s o f  th e Blac k Bo x matrix . 

Thi s tol d th e subjec t  wher e th e ra y woul d b e sho t  int o th e 

box .  Clickin g o n thi s perimete r  cel l  reveale d th e outcom e o f 

th e ra y shot .  Thu s th e dat a wa s presente d sequentiall y  a s i t 

woul d b e i f  th e subject s ha d actuall y sho t  th e ray s them -

selves .  B y no t  allowin g th e subject s t o selec t  thei r  o w n ra y 

shots ,  w e coul d us e predefine d game s an d therefor e bette r 

contro l  th e situation s presente d t o th e subject s durin g th e tri -

als .  Afte r  placin g a n atom ,  th e subject s gav e a  confidenc e 

judgmen t  tha t  th e locatio n wa s correct .  Th e confidenc e scal e 

consiste d o f  seve n categorie s (betwee n guessin g an d cer -

tain) .  Al l  ato m placements ,  removal s an d dat a request s wer e 

time-stamped  an d recorded . 

Results 

Amount of evidence. On average, it took subjects less time 

t o solv e game s wit h tw o o r  fou r  piece s o f  confirmin g evi -

denc e tha n game s wit h thre e dat a item s (se e Figur e 3) .  I n a n 

A N O VA w e foun d tha t  th e mai n factor s practice ,  Fp^ ^  = 

31.44 ,  p  <  0.01 ,  an d confirmator y evidence ,  F(;̂ ^ f  = 

23.71 ,  p  <  0.01 ,  an d thei r  interaction ,  F^^ ^  ̂  Conf = ̂•'̂^ -  P 
< 0.01 ,  wer e highl y significan t 

Wit h respec t  t o difficult y (measure d i n term s o f  th e 

number  o f  correctl y place d atoms) ,  w e foun d tha t  game s 

wit h tw o an d thre e piece s o f  evidenc e wer e th e hardes t 

ove r  al l  days .  Th e mea n o f  correc t  solution s remaine d sig -

nificantl y belo w th e game s wit h fou r  confirmin g dat a 

items .  Bot h mai n factor s wer e significant ,  Fp^ ^  =  14.94 ,  p 

< 0.01 ,  Fc„nf = 8.21 ,  p  <  0.01 .  Howevei ;  ther e wa s n o sig -

nifican t  interactio n betwee n confirmator y evidenc e an d 

practic e (concernin g th e correctnes s o f  solutions) ,  Fp,. ^  ̂  

Conf = 1-91 ,  p < 0.071 . 

Relative Probability. Subjects took longest to solve 

inconsisten t  situations ,  followe d b y game s i n whic h th e 

ne w explanatio n wa s mor e likel y o r  a s likel y a s th e exist -

in g one .  G a m e s i n whic h th e ol d explanatio n wa s mor e 

likel y wer e comparativel y quic k t o play ,  Fĵ g i  =  7.7 ,  p  < . 

0.001 .  Solutio n time  decrease d constand y wit h leve l  o f 

practice ,  Fp,^=19.2 ,  p  <  0.000 ,  Fp,^,^,,^ ,  ̂ 1.13 ,  p  < 

0.34 .  Th e mea n o f  correc t  solution s wa s lowes t  wit h 

inconsisten t  situations ,  followe d b y equa l  an d the n b y ne w 

and old ,  F  =  10.5 .  p  <  0.01 .  N e w an d ol d switche d afte r 

th e firs t  tw o tria l  session s (se e Figur e 3) .  Ther e wa s a  gen -

era l  improvemen t  betwee n th e trainin g sessions ,  Fp^^ = 

14.93 ,  p  <  0.0 1 Wit h respec t  t o correctness ,  n o interactio n 

betwee n th e factor s relativ e probabilit y  an d leve l  o f  prac -

tic e coul d b e found ,  Fp^^ î̂ /̂p ^  =  0.67 ,  p  =  0.8 . 

Confidence-Rating. The model predicts that anomalous 

situation s wil l  lea d subject s t o searc h fo r  alternativ e expla -

nations ,  henc e wit h practic e o n anomalou s situation s peo -

pl e shoul d becom e mor e awar e o f  alternatives .  Thi s mean s 

tha t  th e confidenc e rating s shoul d increas e fo r  explana -

tion s tha t  rarel y prove d t o b e wrong ,  bu t  decreas e fo r 

explanation s tha t  wer e frequenU y wron g du e t o anomalou s 

data .  Th e firs t  assumptio n coul d b e verified ,  x^ = 28.94 ,  p 

< 0.00 .  Fo r  th e secon d hypothesis ,  however ,  statistica l 

test s showe d tha t  th e categorica l  variable s confidenc e ( 7 

categories )  an d leve l  o f  practic e ( 5 days )  ar e independent , 

X^  =  13.24 ,  p  >  0.05 .  Thi s mean s tha t  subject s stabilize d 

thei r  judgmen t  i n case s wher e th e curren t  explanatio n 

remaine d correc t  bu t  the y di d no t  becom e "mor e careful " 

or  "mor e uncertain "  fo r  anomalou s situations .  Eve n afte r 

havin g see n a  se t  o f  counterexample s tha t  mad e i t  neces -

sar y t o giv e u p a  curren t  explanation ,  subject s continue d 

placin g thes e atom s wit h a  degre e o f  confidenc e tha t  di d 

not  chang e base d o n experience . 

Discussion and Conclusions 

The amount of evidence and the likelihood of an alterna-

tive  interpretatio n cleari y influence d th e modificatio n o f 

explanations .  Thi s is ,  i n general ,  consisten t  wit h th e find -
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Figur e 3 :  Improvemen t  acros s leve l  o f  practic e (day )  dependen t  o n th e confirmator y evidenc e o f  th e existin g explanatio n 

(above )  an d th e relativ e probabilit y  o f  th e alternative s (bottom) .  T h e graph s o n th e lef t  sho w improvemen t  i n term s o f  m e a n 

tim e pe r  actio n (ms) ,  wher e a n actio n consiste d o f  placin g o r  removin g a n ato m o r  askin g fo r  mor e data .  T h e right-mos t  graph s 

sho w improvemen t  i n term s o f  th e numbe r  o f  atom s correctl y placed .  [CONF—conf i rmator y evidence ,  RPROB—re la t i v e 

probabilit y  wit h inc—inconsistent ,  eq—equal. ] 

ing s o f  Chin n an d Brewe r  (1993 )  an d als o wit h th e literatur e 

on cognitiv e biase s (e.g .  K layma n &  H a ,  1987) .  However ,  i n 

detail ,  th e singl e level s o f  bot h factor s wer e no t  clearl y dis -

tinguishabl e an d di d no t  follo w th e predictions . 

Base d o n thes e finding s w e assum e tha t  entrenchmen t 

itsel f  i s  no t  a  majo r  facto r  i n determinin g th e difficult y o f  a 

task .  Instead ,  w e hypothesiz e tha t  a  person' s abilit y  t o con -

struc t  a n alternativ e explanatio n o f  a  give n situatio n affect s 

tas k difficulty .  W e hypothesiz e tha t  i n a  situatio n wit h anom -

alou s dat a a  perso n select s a n explanatio n t o modif y base d 

on awarenes s o f  alternative s fo r  tha t  explanatio n an d o n th e 

possibilit y  t o explai n al l  conflictin g dat a b y a n alternative .  I f 

suc h a n alternativ e explanatio n ca n b e developed ,  the n th e 

simples t  versio n tha t  require s th e smalles t  numbe r  o f 

change s t o th e existin g explanation ,  bu t  tha t  explain s th e 

most  data ,  i s  selected .  Thi s i s indirectl y connecte d t o th e 

amount  o f  confirmin g data .  Th e greate r  thi s numbe r  i s fo r 

th e curren t  theor y th e harde r  i t  m a y b e t o fin d a n alternativ e 

tha t  explain s thi s dat a a s wel l  a s th e conflictin g data .  Thi s i s 

consisten t  wit h th e mode l  w e outline d earlier . 

Note ,  th e necessit y t o construc t  a n alternativ e explanatio n 

i s a  specifi c  featur e o f  th e B B X task .  Anomalou s dat a i n thi s 

tas k canno t  jus t  b e ignore d b y rejectio n o r  exclusion ,  i n con -

tras t  t o th e tas k use d b y Chin n an d Brewe r  (1993) .  Therefor e 

entrenchmen t  an d relativ e probabiht y ar e dominate d b y a 

searc h fo r  (an d availabilit y  of )  a n alternativ e explanation . 

Accordin g t o ou r  model ,  searc h fo r  a n explanatio n end s a s 

soo n a s a  singl e satisfactor y explanatio n i s found .  Th e 

empirica l  result s o n th e confidenc e ratin g suppor t  thi s 

assumptio n sinc e subjects '  confidence s i n thei r  initiall y 

constructe d explanation s remai n constan t  eve n afte r  seein g 

anomalou s situation s i n whic h the y ha d t o construc t  alter -

nativ e explanation s fo r  th e sam e data .  Thus ,  a  subject' s 

confidenc e i n a n explanatio n wa s independen t  o f  th e rela -

tiv e frequencie s tha t  a  certai n explanatio n i s correc t  fo r  a 

patter n o f  data .  Thi s suggest s tha t  th e confidenc e i n a 

hypothesi s i s eithe r  dominate d b y th e eas e wit h whic h a 

hypothesi s ca n b e initiall y  generate d fro m domai n knowl -

edg e o r  b y parsimony . 

Th e subject s no t  onl y go t  faster ,  bu t  als o achieve d bette r 

accurac y (se e Figur e 3) .  W e hypothesiz e th e followin g 

explanatio n base d o n bounde d searc h an d knowledg e com -

pilation .  Accordin g t o th e bounde d searc h hypothesis , 

peopl e wil l  onl y expen d a  limite d amoun t  o f  effor t  befor e 

terminatin g a  searc h wit h failure .  Thes e searche s ar e no t 

don e i n vain ,  however ,  becaus e knowledg e compilatio n 

wil l  compil e m a n y o f  th e step s o f  th e terminate d search . 

Th e nex t  tim e a  searc h i s done ,  th e perso n wil l  b e abl e t o 

reac h th e previou s poin t  o f  th e searc h proces s wit h les s 

effort ,  du e t o th e compile d steps .  Thi s allow s th e perso n t o 
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searc h further .  Eventuall y the y wil l  reac h a  desire d stat e an d 

generat e a  solutio n whic h will ,  i n turn ,  affec t  th e qualit y o f 

thei r  performance .  Thus ,  w e assum e tha t  peopl e engag e i n a 

typ e o f  progressiv e deepenin g wher e th e dept h o f  succeedin g 

searche s i s extende d a s a  resul t  o f  learnin g ove r  prio r 

searche s (Johnson ,  Zhan g &  Wang ,  1994) .  Qualit y o f  perfor -

mance improve s wit h experienc e becaus e i t  ma y tak e man y 

terminate d searc h attempt s befor e enoug h knowledg e i s 

compile d t o permi t  a  successfu l  search . 

Acknowledgments 

This work has benefitted from comments and suggestions by 

Kath y Johnson .  Han s Bogenberge r  programme d th e Win -

dows versio n o f  B B X .  Thi s wor k i s supporte d b y a  German -

America n Collaborativ e Researc h Gran t  fro m th e America n 

Counci l  o f  Learne d Societie s an d th e Germa n Academi c 

Exchang e Progra m ( D A A D ) .  Additiona l  suppor t  wa s pro -

vide d b y a  See d Gran t  fro m Th e Ohi o Stat e Universit y an d a 

gran t  fro m Vielberth-Stiftung ,  Universit y o f  Regensburg . 

Krems ,  J.F .  (1994) .  Wissensbasiert e Urteilsbildun g 

[Knowledge-base d Diagnosti c Reasoning] .  Bern :  Huber . 

Newell ,  A .  (1990) .  Unifie d Theorie s o f  Cognition .  Cam-

bridge ,  M A :  Harvar d Universit y Press . 

Read,  S.J .  &  Cesa ,  IL .  (1991) .  Thi s remind s m e o f  th e tim e 

when... :  expectatio n failure s i n remindin g an d explana -

tion .  Journa l  o f  Experimenta l  Socia l  Psychology ,  27 ,  1 -

25. 

Schank ,  R. ,  Riesbec k &  Kass .  (eds. )  (1994) .  Insid e Case -

base d Explanation .  Hillsdale :  Erlbaum . 

Thagard ,  P.  (1992) .  Conceptua l  Revolutions .  Princeton , 

N ew Jersey :  Princeto n Universit y Press . 

Reference s 

Burbules, N.C. & Linn, M.C. (1988). Response to contradic-

tion :  Scientifi c  reasonin g durin g adolescence .  Journa l  o f 

Educationa l  Psychology ,  80 ,  67-75 . 

Chinn ,  C .  A .  &  Brewer ,  W .  F .  (1993) .  Factor s tha t  influenc e 

ho w peopl e respon d t o anomalou s data .  I n Proceeding s o f 

th e Fifteent h Annua l  Conferenc e o f  th e Cognitiv e Scienc e 

Societ y (pp .  318-323) .  Hillsdale ,  NJ :  Lawrenc e Eribau m 

Associates . 

Dunbar ,  K .  &  Klahr ,  D .  (1989) .  Developmenta l  difference s i n 

scientifi c  discover y processes .  I n D .  Klah r  &  K .  Kotovsk y 

(eds.) .  Comple x Informatio n Processing :  Th e Impac t  o f 

Herber t  Simo n (pp .  109-143) .  Hillsdale ,  NJ :  Lawrenc e 

Erlbau m Associates . 

Hasher ,  L .  &  Zacks ,  R .  (1984) .  Automati c processin g o f  fun -

damenta l  information :  Th e cas e o f  frequenc y o f  occur -

rence .  America n Psychologist ,  39 ,  1372-1388 . 

Johnson ,  T.R. ,  Krems ,  J.F .  &  Amra ,  N.K .  (1994) .  A  compu -

tationa l  mode l  o f  huma n abductiv e skil l  an d it s acquisition . 

I n A .  R a m &  K .  Eisel t  (Ed.) ,  Proceeding s o f  th e Sixteent h 

Annua l  Conferenc e o f  th e Cognitiv e Scienc e Society ,  (pp . 

463^68 ) .  Hillsdale ,  NJ :  Lawrenc e Erlbau m Associates . 

Johnson ,  T.R. ,  Zhang ,  J .  &  Wang ,  H .  (1994) .  Bottom-u p rec -

ognitio n learning :  a  compilation-base d mode l  o f  limited -

lookahea d learning .  I n A .  R a m &  K .  Eisel t  (Ed.) ,  Proceed -

ing s o f  th e Sixteent h Annua l  Conferenc e o f  th e Cognitiv e 

Scienc e Societ y (pp .  469-474) .  Lawrenc e Erlbau m Associ -

ates . 

Josephson ,  J.R .  &  Josephson ,  S.G .  (1994) .  Abductiv e Infer -

ence .  Cambridge :  Universit y Press . 

Klayman ,  J .  &  Ha ,  Y.-W .  (1987) .  Confirmation ,  disconfirma -

tion ,  an d informatio n i n hypothesi s testing .  Psychologica l 

Review ,  94 ,  211-22% . 

282 


	Cogsci_1995_277-282



