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Abstrac t 

Thi s pape r  investigate s th e proces s o f  hypothesi s generatio n 
and th e coordinatio n o f  hypothesi s an d evidenc e i n medica l 
diagnosti c tasks .  T w o issue s ar e addressed :  th e generatio n o f 
hypothesi s an d th e directionalit y  o f  reasoning .  T w o problem s 
whose initia l  presentatio n suggeste d a n initia l  hypothesi s 
wer e presente d t o subject s wit h differen t  degree s o f  expertis e 
i n clinica l  medicine .  W h e n face d wit h contradictor y evidenc e 
agains t  th e initia l  hypothesis ,  1 )  earl y novice s eithe r 
modifie d th e initia l  hypothesis ,  o r  ignored ,  o r  reinterprete d 
th e cue s i n th e proble m t o fit  th e hypothesis ;  2 )  intermediat e 
novice s generate d concurren t  hypothese s t o accoun t  fo r 
differen t  set s o f  data ;  an d 3 )  advance d novice s generate d 
severa l  initia l  hypothese s an d subsequentl y narrowe d th e 
hypothesi s spac e b y generatin g a  singl e coheren t  diagnosti c 
hypothesis .  Al l  subjects ,  use d a  mixtur e o f  forwar d reasonin g 
and backwar d reasoning .  A  mor e forward-directe d reasonin g 
was relate d t o diagnosti c accuracy .  Thes e result s o n 
diagnosti c reasonin g ar e discusse d i n relatio n t o finding s o n 
scientifi c  reasoning . 

The study of diagnostic reasoning has had a long history in 
variou s fields ,  especiall y i n troubleshootin g an d medicine . 
I n medicine ,  thi s stud y ha s ha d a  numbe r  o f  differen t  forms . 
One i s th e normativ e stud y o f  diagnosti c reasonin g base d 
eithe r  o n th e rule s o f  deductiv e logi c o r  o n th e experientia l 
knowledg e an d intuitio n o f  physician s (Feinstein ,  1967) . 
Anothe r  i s th e psychometri c stud y o f  th e factor s affectin g 
physicians '  diagnosti c skill s  (Rimoldi ,  1961) .  Still ,  anothe r 
for m i s th e compariso n wit h th e processe s assume d t o b e 
characteristi c o f  scientifi c  reasoning .  Th e cognitiv e traditio n 
i n th e stud y o f  medica l  reasoning ,  whic h starte d wit h th e 
publicatio n o f  th e boo k b y Elstein ,  Shulman ,  an d Sprafk a 
(1978) ,  gav e suppor t  fo r  th e vie w tha t  diagnostician s 
reasone d i n w a y simila r  t o th e w a y tha t  scientist s ar e 
assume d t o reason ;  tha t  is ,  b y applyin g hypothetico -
deductiv e methods .  Thi s vie w wa s late r  challenge d (Groe n 
& Patel ,  1985 )  give n argument s fro m philosoph y o f  scienc e 
and result s fro m studie s i n cognitiv e psychology .  Thi s le d t o 
th e conceptualizatio n o f  reasonin g a s analogical ,  rathe r  tha n 
deductive .  Philosophica l  argumen t  a s wel l  a s cognitiv e 
scienc e researc h support s thi s position . 

Thi s wor k wa s supporte d b y a  gran t  fro m th e Medica l  Researc h 
Counci l  o f  Canad a (MH004 )  t o Viml a Pate l  an d b y a  fellowshi p 
awar d from  th e Roya l  Victori a Hospita l  Researc h Institut e (McGil l 
University )  t o Jos 6 Arocha . 

Criticis m o f  th e wor k o f  Elstein ,  Shulman ,  an d Sprafk a 
(1978 )  wa s m a d e becaus e the y seeme d t o hav e propose d 
hypothetico-deductiv e reasonin g a s psychologicall y real , 
rathe r  tha n a s a n intellectua l  tool .  I n actuality ,  peopl e d o no t 
thin k logically ;  rather ,  the y thin k b y mean s o f  "retrieving " 
analogou s case s fro m prio r  experience .  Furthermore ,  a s i t  i s 
n o w widel y known ,  peopl e m a k e logica l  mistake s i n thei r 
reasoning ;  an d obviously ,  scientist s o r  physician s ar e n o 
exception .  However ,  thi s doe s no t  mea n tha t  the y d o no t  us e 
hypothetico-deductiv e methods .  The y m a y us e i t  i n 
circumstance s wher e i t  i s required . 

Hypothesis Generation in Scientific and 

D i a g n o s t i c R e a s o n i n g 

Severa l  attempt s hav e bee n m a d e b y researcher s workin g 
withi n differen t  theoretica l  approache s t o investigat e th e 
reasonin g processe s i n scientifi c  discover y tasks :  Langley , 
S imon ,  Bradshaw ,  an d Z y t k o w (1987 )  i n studie s an d 
simulatio n model s o f  h o w scientist s solv e scientifi c 
problems ;  Dunba r  (1989) ,  Dunba r  an d Schun n (1990) , 
Klah r  an d Dunba r  (1989) ,  K u h n (1989) ,  w h o hav e worke d 
on simulate d scientifi c  problems ;  an d Tweene y an d Hoffne r 
(1987 )  i n thei r  reconstructio n o f  th e scientifi c  reasonin g 
fro m Faraday' s diaries . 

K u h n (1989 )  addresse d th e issu e o f  th e conceptua l 
understandin g an d it s  relationshi p t o processe s an d 
strategie s i n scientifi c  proble m solving .  Sh e argue d fo r  a 
developmenta l  shif t  i n th e processe s use d i n coordinatin g 
theor y an d evidenc e fro m childhoo d an d adulthood . 
Children ,  mor e tha n adults ,  fai l  t o differentiat e evidenc e an d 
theory ;  thes e b e c o m e integrated ,  undifferentiated ,  i n a 
singl e whole .  Adults ,  contrarily ,  ar e abl e t o differentiat e 
betwee n th e tw o an d ca n therefor e accommodat e o r  revis e 
thei r  theorie s w h e n face d wit h inconsisten t  evidence , 
somethin g tha t  childre n ar e unabl e t o do .  K u h n (1989 )  ha s 
show n tha t  subject s ten d t o ignor e evidenc e tha t  contradict s 
th e theorie s the y believ e t o b e true .  Sh e explain s thi s b y 
hypothesizin g tha t  subject s fai l  t o separat e thei r  belief s 
abou t  th e worl d fro m th e evidenc e tha t  suppor t  them .  Thi s 
separatio n is ,  i n part ,  determine d b y th e typ e o f  evidenc e th e 
subject s hav e t o coordinate .  T h e weake r  th e evidenc e th e 
mor e difficul t  i t  i s  t o achiev e suc h a  separation .  Th e 
difficult y o f  proble m solvin g increase s wit h th e th e 
presenc e o f  wea k evidence .  Th e proces s o f  solutio n wit h 
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weak evidenc e require s combinin g th e piece s o f  evidenc e 
suc h tha t  the y ad d u p t o th e equivalen t  valu e o f  a  stron g 
evidence .  Stron g evidenc e mor e directl y suggest s a  solution . 

A theoretica l  distinctio n ha s bee n mad e b y Klah r  an d 
Dunba r  (1988 )  i n thei r  wor k o n scientifi c  discovery : 
workin g o n a  scienc e domai n involve s a  searc h on ,  a t  least , 
tw o spaces ,  th e spac e o f  th e hypothese s an d th e spac e o f  th e 
experiments .  The y hav e foun d tha t  subjects '  doin g scientifi c 
discoverie s d o a  searc h o n thes e tw o space s t o solv e 
problems .  I n a  recen t  study ,  Dunba r  an d Schun n (1990 ) 
presente d tw o problem s wit h th e sam e underlyin g structur e 
t o subject s i n a  scientifi c  discover y task .  Th e author s 
conclude d tha t  i n scientifi c  discovery ,  1 )  subject s searc h 
fo r  a  hypothesi s tha t  ca n accoun t  fo r  a  previou s instanc e 
whic h i s simila r  t o th e presen t  problem ;  2 )  th e hypothesi s 
searche d i s the n tested ;  3 )  i f  thi s tes t  fails ,  the n th e subjec t 
searche s fo r  a n alternativ e hypothesis .  Thi s searc h i s fo r  a n 
underlyin g mechanis m an d i f  a  mechanis m i s prime d the n i t 
i s  selecte d ;  4 )  i f  n o hypothesi s i s found ,  the n th e subjec t 
adjust s th e presen t  hypothesi s t o confor m t o th e data . 

I n a  medica l  context ,  th e proces s o f  hypothesi s generatio n 
i n th e diagnosti c proces s ha s bee n studie d b y Josep h an d 
Pate l  (1990) .  The y compare d low-knowledg e an d high -
knowledg e subject s i n th e proces s o f  evaluatin g a  clinica l 
cas e i n endocrinology .  Low-knowledg e subject s wer e 
physician s w h o ha d genera l  knowledg e o f  th e domai n bu t 
lacke d specialize d knowledge ;  high-knowledg e subject s 
wer e specialist s i n endocrinology .  Th e result s showe d tha t  i t 
i s  no t  th e proces s o f  generatin g hypothese s wha t 
distinguishe s lo w an d hig h knowledg e subjects .  I t  i s  th e 
proces s o f  hypothesi s evaluation .  High-knowledg e subject s 
evaluate d thei r  hypothese s b y searchin g fo r  confirmatio n 
an d refinin g thei r  initia l  hypothesis .  Low-knowledg e 
subject s generate d alternativ e hypothese s afte r  producin g 
th e correc t  hypothesis ,  eve n thoug h th e dat a coul d no t 
discriminat e a m o n g them .  Josep h an d Pate l  (1990 ) 
conclude d tha t  diagnosti c reasonin g ca n b e describe d a s a 
tw o stag e process :  a  hypothesi s generatio n phase ,  whic h i s 
dependen t  o n genera l  domai n knowledge ;  an d a  proces s o f 
evaluatin g th e hypothese s thu s generated .  Thi s stag e i s 
dependen t  o n th e specifi c  domai n knowledg e possesse d b y 
th e subjects . 

Directionality of Diagnostic Reasoning 

At  a  mor e detaile d leve l  o f  analysis ,  th e processe s involve d 
i n diagnosti c reasonin g hav e bee n show n t o mak e us e o f 
tw o type s o f  inferences .  Thes e hav e bee n terme d forwar d 
an d backward .  Th e ter m forwar d reasonin g refer s t o a n 
inferenc e patter n tha t  act s o n evidenc e an d generate s a 
hypothesi s fro m it .  Researc h ha s show n tha t  forwar d 
reasonin g i s characteristi c o f  successfu l  exper t  performanc e 
i n som e domains ,  an d tha t  i t  i s  use d whe n subject s posses s 
th e relevan t  knowledg e t o solv e th e problem .  I t  i s  highl y 
efficien t  an d fast .  Backwar d reasonin g i s a  patter n o f 
inferenc e i n whic h a  hypothesi s serve s t o generat e th e 
evidence .  It s direction ,  then ,  i s fro m hypothesi s t o data .  A n 
alternative ,  bu t  relate d definitio n i s tha t  i t  goe s fro m th e 
goa l  t o th e proble m data .  I n suc h a  instance ,  i t  m a y describ e 

th e directionalit y o f  a  procedure .  I n eithe r  case ,  ther e i s first 
th e generatio n o f  a  hypothesi s an d the n th e checkin g o f  th e 
evidenc e agains t  th e hypothesis .  Backwar d inferenc e i s use d 
mainl y whe n ther e i s lac k o f  sufficien t  knowledg e t o reac h 
th e solutio n fro m th e dat a alone .  I t  i s  slo w an d make s heav y 
demands o n workin g memory .  I t  i s  mos t  characteristi c o f 
th e novic e an d i t  i s  frequentl y tie d t o unsuccessfu l 
performance .  However ,  it s  us e i s a  functio n o f  bot h th e 
proble m solve r  an d th e proble m t o b e solved .  Nonetheless , 
i t  ha s bee n foun d t o characteriz e th e proble m solvin g o f 
expert s i n variou s domain s (Larkin ,  McDermott ,  Simon ,  & 
Simon ,  1980 ;  se e Anderso n (1987 )  fo r  a  curiou s situatio n i n 
th e domai n o f  programming) . 

Althoug h forwar d reasonin g i s frequentl y associate d wit h 
exper t  performance ,  ther e i s evidenc e tha t  i t  i s  als o use d b y 
novices .  Recen t  researc h (Patel ,  Groen ,  &  Norman ,  i n 
press )  ha s provide d evidenc e tha t  th e directiona l  patter n o f 
reasonin g m a y b e linke d t o curricula r  factor s i n novices . 
Patel ,  Groen ,  an d N o r m a n carrie d ou t  tw o studie s whic h 
the y compare d th e diagnosti c reasonin g proces s o f  student s 
w ho wer e traine d i n tw o differen t  curricula .  O n e grou p (th e 
P BL group )  wa s traine d i n a  proble m solvin g environment , 
whic h emphasize s th e utilizatio n o f  a  hypothetico-deductiv e 
approac h t o medica l  diagnosis ,  an d wher e th e acquisitio n o f 
basi c scienc e i s concurren t  wit h clinica l  practice .  Th e othe r 
(th e C C group )  wa s traine d i n a  traditiona l  medica l 
curriculum ,  wher e mos t  o f  basi c scienc e i s taugh t 
independentl y of ,  an d prio r  to ,  clinica l  training .  Th e result s 
showe d tha t  wherea s th e P B L grou p relie d mor e o n 
backwar d reasonin g an d produce d mor e elaborations ,  th e 
C C grou p relie d mor e o n th e us e o f  forwar d reasoning . 

Thi s pape r  present s som e result s fro m a  large r  researc h 
projec t  (Arocha ,  1991 )  o n th e proces s o f  proble m solvin g 
by novic e diagnosticians .  Th e result s reporte d her e regar d 
th e proces s b y whic h medica l  students ,  traine d i n a 
traditiona l  curriculum ,  generat e an d evaluat e diagnosti c 
hypothesis . 

Method 

Subjects :  Th e subject s wer e second ,  third ,  an d fourt h yea r 
medica l  student s a t  McGil l  Universit y ( 4 subject s pe r 
group )  an d on e cardiolog y resident .  Secon d yea r  student s 
had jus t  starte d a n introductio n t o clinica l  medicine ;  the y 
had n o experienc e i n th e hospita l  and ,  therefore ,  thei r 
knowledg e o f  diseas e come s principall y fro m lecture s an d 
textbooks .  Thir d yea r  student s wer e i n thei r  firs t  yea r  o f 
clinica l  trainin g i n th e hospitals .  Fourt h yea r  student s ha d 
jus t  complete d thei r  medical ,  degre e requirement s wit h tw o 
year s o f  biomedica l  science s an d tw o year s o f  clinica l 
training ,  an d wer e preparin g fo r  thei r  provincia l  an d federa l 
certificatio n exams . 

Materials: Two real-life clinical problems in cardiology 
selecte d wer e modifie d i n suc h a  wa y tha t  th e relevan t 
informatio n wa s presente d late r  i n th e case .  Bot h case s wer e 
simila r  i n thei r  initia l  presentation ,  bu t  diffe r  i n subsequen t 
information .  Th e case s wer e divide d int o thre e segments : 
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(1 )  presentin g complaint ;  (2 )  pas t  history ;  an d (3 )  result s o f 
th e physica l  examination . 

Procedure: The subjects were all tested individually in a 
singl e 9 0 minut e session .  Thei r  tas k wa s t o explai n eac h 
cas e a s completel y a s possible .  Th e case s wer e presente d o n 
thre e consecutiv e cards ,  eac h containin g on e segmen t  o f 
information .  Th e subject s wer e instructe d t o thiiU c ou t  lou d 
whil e the y rea d th e segments .  The y wer e aske d t o mak e a 
tentativ e diagnosi s afte r  eac h segment .  Then ,  the y followe d 
t o th e nex t  car d an d repeate d th e procedur e fo r  th e secon d 
and thir d cards . 

Analysis: The analysis consisted of representing the cases 
and protocol s i n term s o f  proposition s (Frederiksen ,  1975 ; 
va n Dij k &  Kintsch ,  1983) .  F ro m thes e propositions ,  a 
referenc e fram e fo r  each  cas e wa s constructe d a s a  semanti c 
network ,  whic h ha s bee n successfull y use d i n cognitiv e 
researc h i n medicin e b y Pate l  an d Groe n (1986) .  Th e 
referenc e frame s s o develope d serve d a s a  compariso n fo r 
th e assessmen t  o f  individua l  frame s constructe d fro m th e 
subjects '  protocols .  Th e networ k representation s containe d 
mostl y conditiona l  an d causa l  relationships .  Othe r 
relationship s wer e attributive ,  locative ,  an d temporal . 
Coordinatio n o f  theor y o f  evidenc e wa s assesse d b y 
confirmatio n (i.e. ,  a  positiv e cu e serve s t o generat e a 
hypothesis )  an d disconfirmatio n ( a positiv e o r  negativ e cu e 
serve s t o rul e ou t  a  hypothesis )  strategies .  Directionalit y o f 
reasonin g wa s assesse d b y th e us e o f  backwar d (i.e. , 
hypothesi s i s matche d t o cue )  an d forwar d (cu e suggest s 
hypothesis )  inferences . 

Results 

A summar y o f  th e result s fo r  al l  group s o f  subject s i s 
presente d first .  T h e result s includ e accurac y o f  th e 
diagnosis ,  th e hypothesi s generatio n an d th e evaluatio n 
strategie s th e subject s used ,  an d th e directionalit y o f  thei r 
reasoning .  A  detaile d analysi s o f  tw o subjects '  schemati c 
representation s follows .  Thi s allow s u s t o se e th e proces s b y 
whic h thes e subject s deal t  wit h th e evidenc e fo r  o r  agains t 
th e diagnosti c hypothese s i n th e case s an d describ e th e 
processe s the y use d t o solv e th e problems ,  speciall y th e 
strategie s the y followe d an d th e directionalit y o f  thei r 
reasoning . 

Diagnostic Accuracy: Five subjects reached the correct 
diagnosti c hypothesis :  T w o secon d yea r  students ,  tw o 
fourt h yea r  student s an d th e residen t  Onl y th e residen t  wa s 
successfu l  i n bot h problems .  N o thir d yea r  studen t 
generate d th e correc t  solution .  Althoug h ther e wa s littl e 
succes s i n reachin g accurat e diagnosi s i n mos t  cases ,  th e 
subject s wer e abl e t o selec t  al l  th e importan t  cue s i n th e 
cas e fo r  interpretation . 

Hypothesi s Generat ion :  Th e numbe r  o f  hypothese s 
generate d varie d acros s groups ;  specially ,  thos e generate d a t 

th e first  segment ,  wit h th e secon d yea r  student s generatin g 
th e fewe r  diagnosti c hypothese s (x = 1.5 )  an d thir d an d 
fourt h yea r  student s generatin g a  large r  numbe r 
(x = 3  an d x=3.4 ,  respectively) .  Th e residen t  generate d th e 
same numbe r  o f  diagnosti c hypothese s fo r  both  case s (n=5) . 
I n term s o f  th e qualit y o f  th e diagnoses ,  al l  subject s 
generate d th e initiall y  suggeste d hypothesi s a t  th e firs t 
segment 

Evaluation Strategies: The most widely used evaluation 
strateg y wa s confirmation .  A  confirmatio n strateg y wa s on e 
whic h linke d a  positiv e cu e t o a  hypothesi s a s suppor t  fo r 
th e hypothesis .  Sevent y on e percen t  o f  th e cue s b y secon d 
yea r  student s wer e o f  thi s kind ;  8 8 % wer e confirmin g 
relation s fo r  both  thir d yea r  an d fourt h yea r  students .  Th e 
residen t  generate d 9 2 % confirmin g relations .  Al l  secon d 
yea r  student s kep t  thei r  initia l  hypothesi s eve n whe n 
contradictor y dat a wer e presented .  The y ignore d 
contradictor y evidenc e o r  modifie d slightl y th e initia l 
hypothesi s t o fit  th e data .  Thir d an d fourt h yea r  student s 
use d concurren t  hypothese s t o accoun t  fo r  differen t  cue s i n 
th e case .  Thes e wer e o f  tw o kinds :  cardia c hypothese s t o 
accoun t  fo r  th e initia l  cue s an d pleuro-pulmonar y t o accoun t 
fo r  cue s tha t  di d no t  fit  th e initia l  diagnosis .  Th e exper t 
subjec t  generate d mor e diagnosti c hypothesis ,  bu t  wa s abl e 
t o produc e a  singl e hypothesi s i n th e thir d segmen t  b y 
selectin g th e on e tha t  accounte d fo r  mor e o f  th e data . 

Directionality of Reasoning: Most reasoning inferences 
wer e forwar d inferences .  I n th e case s i n whic h th e correc t 
diagnose s wer e reached ,  4  subject s use d forwar d inference s 
t o conclud e th e final  diagnosis .  Al l  thes e corresponde d t o 
cas e 2  (AIMS) .  Th e residen t  als o use d backwar d inferenc e 
i n reachin g th e solutio n t o cas e 1  (VP45) ,  whe n provide d 
wit h contradictor y evidence . 

Detailed Analysis of Two Protocols: This section presents 
a compariso n o f  th e solutio n processe s give n b y a  secon d 
yea r  studen t  an d th e residen t  t o cas e 1  (VP45 )  .  Figur e 1 
present s th e schemati c representafio n o f  th e proble m 
solvin g proces s generate d fro m th e protoco l  o f  subjec t  2.1 . 
Th e subjec t  start s b y generatin g th e hypothesi s o f 
myocardia l  infarction ,  give n th e cue s o f  sever e centra l 
crushin g ches t  pai n an d ches t  pai n o f  fou r  hours .  Th e 
subjec t  add s suppor t  fo r  thi s hypothesi s b y notin g tha t  th e 
age o f  th e patien t  i s  i n keepin g with  a  relate d affection : 
coronar y arter y disease .  A  secon d hypothesis ,  whic h th e 
studen t  disconfirms ,  i s rheumati c feve r  (streptoccoca l 
infection) ,  base d o n th e finding  o f  ches t  pai n o f  4  hours . 
The negativ e findings  i n th e cas e ar e use d t o disconfir m 
pulmonar y edem a secondar y t o lef t  ventricula r  failure , 
whic h m a y resul t  fro m myocardia l  infarction .  Lastly ,  th e 
subjec t  conclude s tha t  th e coug h i s irrelevan t  t o th e patient' s 
mai n condition .  T h e subjec t  base s he r  conclusio n o n th e 
negativ e findings  o f  n o hemoptysi s an d n o sputum ,  whic h 
ar e associate d wit h coug h i n myocardia l  infarction . 
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^  Myocardia l  Infarctio n J>J5Sj''«'''- ' 

4-hou r  Histor y Of  Ches t  Pai n 

CORD '"'"^'^"'•"'''^rnnb""^^ Central, Crushing Chest Pain 
^x|p^-- « Sever e Centra l  Ches t  Pai n 
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Figur e 2 .  Schemati c representatio n o f  th e proble m solvin g proces s o f  cas e 1  (VP45 )  b y th e resident .  A  ^ — represent s a 
confirmin g relatio n toward s th e correc t  diagnosis ;  a  — -  represent s a  confirmin g relatio n toward s an d alternativ e 
diagnosis ;  a  ««»~« » represent s a  disconfirmin g relation .  A  dashe d lin e represent s a  relatio n linkin g a  cu e i n th e curren t 
segment  t o eithe r  a  hypothesi s o r  anothe r  cu e i n previou s segments .  CORD:  represent s a  conditiona l  relation ;  CHU:  represent s 
a causa l  relation ;  RE G represent s a  negation ;  OR-EKCL:  represent s a n exclusiv e disjunctiv e relauon .  A  bo x indicate s th e fina l 
diagnosi s reache d b y th e subjec t 
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Thus ,  u p t o thi s point ,  thi s secon d yea r  studen t  ha s 
generate d a  singl e diagnosis ,  tha t  o f  myocardia l  infarction , 
wit h on e modification :  n o left-ventricula r  failure .  Th e res t 
of  th e hypothese s sh e generate s ar e disconfirmed :  the y ar e 
rule d ou t  b y th e evidence .  Th e secon d segmen t  introduce s 
th e findings  o f  histor y o f  uppe r  respirator y infection ,  sor e 
throat ,  runn y nos e an d generalize d myalgia ,  whic h th e 
subjec t  correctl y interpret s a s a  vira l  infection .  However , 
sh e use s thes e finding s t o conclud e tha t  i s no t  a 
streptoccoca l  infection ,  whic h i s relate d t o th e hypothesis , 
disconfirme d i n th e firs t  segment ,  o f  rheumati c feve r 
(streptoccoca l  infectio n precede s th e appearanc e o f 
rheumati c fever) .  Thi s subjec t  the n conclude s tha t  th e 
infectio n i s unrelate d t o th e ches t  pain .  Thus ,  th e subjec t  a t 
thi s segmen t  onl y rule s ou t  th e relevanc e o f  th e infectio n 
whil e maintainin g th e diagnosi s o f  myocardia l  infarction . 
The thir d segmen t  introduce s 7  ne w finding s o f  whic h th e 
subjec t  select s 3  fo r  c o m m e n t  Thes e ar e temperatur e 38X: , 
ches t  clea r  t o percussio n an d auscultation ,  an d n o 
splenomegaly .  Th e sam e strateg y sh e use d i n th e previou s 
segment  i s use d here :  sh e use s th e findings  t o disconfir m 
alternativ e diagnoses .  Thi s time ,  pneumoni a an d subacut e 
bacteria l  endocarditi s  ar e rule d out :  Pneumoni a involve s 
congeste d ches t  an d subacut e bacteria l  endocarditi s 
involve s enlarge d spleen .  I n summary ,  thi s subjec t 
generate d th e initia l  diagnosi s o f  myocardia l  infarctio n an d 
maintaine d i t  i n th e presenc e o f  contradictor y evidence . 
Furthe r  information ,  whic h g o agains t  suc h initia l  diagnosi s 
serve d t o modif y th e initia l  hypothesi s withou t  rejectin g i t 
(i.e. ,  righ t  ventricula r  rathe r  tha n lef t  ventricula r  failure) . 
Othe r  informatio n i s eithe r  acknowledged ,  bu t  interprete d a s 
unrelate d t o th e episod e o f  ches t  pain ,  o r  ignored . 

Conside r  n o w th e solutio n give n b y th e residen t  t o th e 
same case .  First ,  th e residen t  consider s a  large r  numbe r  o f 
diagnoses :  fro m a  cram p o f  th e intercosta l  muscle s t o 
hypoventilatio n t o myocardia l  infarctio n o r  dissectio n o f 
th e aorta ,  t o pericarditis .  Thus ,  instea d o f  assumin g tha t  th e 
centra l  ches t  pai n correspond s t o myocardia l  infarction ,  th e 
residen t  acknowledge s tha t  thi s presentatio n m a y b e 
produce d b y othe r  diseases .  Th e subjec t  employ s a  breadth -
firs t  searc h b y considerin g th e possibilit y  o f  differen t 
alternativ e diagnose s o f  varie d origin ,  quality ,  an d 
seriousness .  Th e secon d segmen t  sugges t  t o th e residen t  th e 
possibilit y  o f  a n infection ,  bu t  th e mai n focu s i s o n rulin g 
out  an y seriou s disease .  T h e infectio n doe s no t  strongl y 
sugges t  an y particula r  diagnosis .  However ,  h e pay s mor e 
attentio n t o diagnose s tha t  m a y relat e a n infectiou s proces s 
and ches t  pain :  pneumothora x o r  pericarditi s  A t  th e thir d 
segment ,  th e subjec t  focuse s o n th e finding s o f  fever , 
jugula r  venou s distensio n an d ches t  clea r  t o percussio n an d 
auscultation .  T o accoun t  fo r  th e case ,  the n th e residen t 
look s fo r  hypothesi s tha t  woul d compatibl e wit h th e patter n 
of  ches t  pain ,  th e jugula r  venou s distension ,  an d th e 
clearnes s o f  th e ches t  H e generate s tw o intermediate ,  non -
diagnostic ,  hypothese s tha t  ca n produc e jugula r  venou s 
distensio n an d ches t  pain :  on e i s disease s tha t  involv e a n 
obstructio n o f  th e venou s retur n t o th e hear t  {ven a cav a 
syndrome ,  mediastinitis )  th e othe r  i s disease s tha t  limi t  o f 

th e diastoli c functio n o f  th e right  ventricl e (pericarditis) . 
For  th e former ,  th e subjec t  find s n o evidenc e i n th e cas e 
presentation .  H e apparentl y matche s th e feature s tha t 
identif y a  typica l  perso n wit h neoplasti c diseas e wit h th e 
feature s o f  th e presen t  case ,  fro m whic h h e discard s th e 
hypothesis .  Th e othe r  typ e o f  underlyin g proces s tha t  m a y 
caus e suc h a  patter n i s on e tha t  limit s th e diastoli c functio n 
of  th e righ t  ventricle ,  suc h a s th e cas e o f  pericardits . 
Therefore ,  pericarditi s  mus t  b e th e correc t  diagnosis .  Th e 
residen t  doe s no t  conside r  th e possibilit y  o f  myocardia l 
infarctio n becaus e th e ches t  i s clear ,  th e patien t  doe s no t 
hav e pulmonar y edema ,  whic h h e woul d hav e i f  h e ha d a n 
myocardia l  infarctio n an d becaus e th e finding  respirator y 
rat e o f  2 0 i s no t  consisten t  wit h hear t  failure . 

I n summary ,  th e strateg y employe d b y thi s subjec t  differ s 
substantiall y  fro m th e on e use d b y th e first  subject .  First ,  h e 
start s b y generatin g severa l  initia l  diagnoses ,  eve n thoug h 
th e cas e strongl y suggest s onl y one .  T h e subjec t  use s 
subsequen t  informatio n t o narro w th e possibl e hypotheses : 
i n th e secon d segment ,  b y focusin g o n disease s o f  infectiou s 
character ;  an d i n th e thir d segment ,  b y tryin g t o fit  al l  th e 
mai n cas e cue s int o a  singl e hypothesi s tha t  cover s the m all . 
He use s a  for m o f  backwar d inferenc e whic h serve s t o 
generat e th e correc t  diagnosti c hypothesis .  B y postulatin g 
tw o possibl e causa l  mechanisms ,  eithe r  a n obstructio n o f 
venou s bloo d flow  t o th e hear t  o r  a  limitin g o f  th e diastoli c 
functio n o f  th e right  ventricle ,  an d matchin g th e patter n o f 
cue s t o wha t  woul d b e produce d b y th e tw o suc h processes , 
th e subjec t  conclude s th e correc t  diagnosis .  Suc h us e o f 
bacwar d inferenc e require s a  vas t  backgroun d o f  biomedica l 
knowledg e t o b e successfu l  (cf .  Patel ,  Groen ,  Arocha , 
1990) . 

Discussion 

First ,  th e result s sho w tha t  degre e o f  trainin g doe s no t  hav e 
an importan t  effec t  o n wha t  findings  ar e chose n a s bein g 
relevant ;  tha t  is ,  al l  subject s focuse d thei r  attentio n o n th e 
most  importan t  findings.  Thi s i s consisten t  wit h findings  i n 
previou s researc h (Braccio ,  1988) .  Also ,  i t  ha s bee n foun d 
tha t  novice s ar e frequentl y abl e t o recal l  th e importan t 
findings  i n a  cas e bu t  are ,  nonetheless ,  unabl e t o us e thos e 
findings  correctl y i n th e solutio n o f  th e cas e (Pate l  & 
Frederiksen ,  1984) .  Second ,  secon d yea r  student s seeme d t o 
hav e bee n strongl y influence d b y th e initia l  hypothesi s an d 
wer e unabl e t o chang e thei r  diagnosi s i n ligh t  o f 
contradictor y evidence .  M o r e experience d student s see m t o 
hav e recognize d th e importanc e o f  contradictor y evidenc e 
but  wer e als o unabl e t o overrid e thei r  initia l  hypothesis ; 
instead ,  the y generate d concurren t  hypothese s t o explai n 
set s o f  cues .  Th e residen t  wa s th e onl y subjec t  w h o change d 
th e initia l  diagnosi s a s contradictor y evidenc e wa s presente d 
and w h o attempte d t o provid e a  singl e coheren t  hypothesi s 
t o accoun t  fo r  al l  th e cas e cues .  Thes e result s ar e compatibl e 
wit h thos e obtaine d i n researc h o n th e scientifi c  discover y 
proces s (Dunbar ,  1989 ;  Dunba r  &  Schunn ,  1990 ;  Klah r  & 
Dunbar ,  1988) .  However ,  ther e m a y b e specifi c  difference s 
betwee n level s o f  expertise ,  a s th e presen t  result s suggest . 
As expertis e wit h a  domai n increases ,  subject s see m t o b e 

627 



more awar e o f  ih e rol e o f  providin g coherenc e t o th e 
proble m interpretation .  Th e thre e genera l  processe s reporte d 
here ,  namely ,  1 )  generatin g a  majo r  hypothesi s an d eithe r 
reinterpretin g o r  ignorin g contradictor y data ;  2 )  generatin g 
concurren t  hypothese s t o accoun t  fo r  differen t  set s o f  cues ; 
and 3 )  generatin g variou s initia l  hypothese s an d the n 
narrowin g th e hypothesi s spac e an d interpretin g th e dat a i n 
term s o f  a  singl e hypothesi s b y imposin g coherence ,  ma y b e 
thre e genera l  strategie s linke d t o th e developmen t  o f 
expertise .  Furthe r  investigatio n i s require d t o validat e thi s 
conclusion . 

The tw o schemati c representation s presente d o n th e 
proble m solvin g proces s o f  tw o subject s serv e t o highligh t 
some points .  Previou s researc h ha s foun d th e us e o f  forwar d 
inference s linke d t o successfu l  performanc e o f  exper t 
subjects .  I n thi s paper ,  a s i t  ha s bee n reporte d elsewher e 
(Patel ,  Groen ,  &  Norman ,  i n press) ,  th e us e o f  forwar d 
reasonin g wa s th e mos t  consistentl y use d typ e o f  inference . 
However ,  i t  consiste d o f  a  "shallow "  for m o f  forwar d 
inferenc e a s i t  wa s no t  supporte d b y knowledg e o f  th e 
underlyin g mechanism .  Backwar d reasonin g wa s use d i n a 
fe w occasion s mainl y b y thir d yea r  students ,  wh o generate d 
th e longes t  protocol s an d gav e th e larges t  numbe r  o f 
explanation s fo r  th e cases ,  an d b y th e resident . 

The cas e o f  th e residen t  show s a n instanc e wher e th e us e 
of  a  backwar d inferenc e i s successfull y use d t o generat e th e 
correc t  diagnosis .  Thi s cas e i s als o interestin g becaus e i t 
present s th e us e o f  biomedica l  knowledg e t o reac h th e 
correc t  diagnosis .  I t  ha s bee n argue d tha t  biomedica l 
knowledg e form s a  separat e "world "  fro m th e clinica l 
knowledge .  Thi s interpretatio n is ,  t o som e extent , 
supporte d i n th e presen t  study .  Recal l  tha t  secon d yea r 
student s ha d n o clinica l  training ;  thei r  onl y knowledg e o f 
clinica l  medicin e wa s throug h lectures ,  bu t  the y ha d 2  year s 
of  basi c scienc e teaching .  Eve n thes e subjects ,  wh o on e ma y 
expec t  t o us e thei r  knowledg e o f  basi c scienc e t o solv e th e 
clinica l  problem ,  di d no t  d o s o (cf .  Patel ,  Groe n &  Norma n 
1990) .  O n th e contrary ,  the y relie d almos t  exclusivel y o n 
th e associatio n betwee n clinica l  cue s an d diagnosti c cate -
gories .  Th e resident ,  however ,  wa s th e subjec t  wit h longes t 
clinica l  training .  Nonetheless ,  h e use d knowledg e o f  basi c 
scienc e t o reac h th e diagnosis . 
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