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T H E P R A G M A T I C S O F E X P E R T I S E I N M E D I C I N E 

David A. Evans 

Department s o f  Philosoph y an d Compute r  Scienc e 

Carnegi e Mello n Universit y 

INTRODUCTION 

A centra l  goa l  o f  cognitiv e scienc e researc h i n proble m solvin g ha s bee n t o illuminat e th e 

natur e o f  expertis e (Ch i  &  Glaser ,  i n press ;  Johnson ,  e t  al. ,  1981) .  Som e o f  thi s researc h 

has centere d o n th e acquisitio n o f  specifi c  skill s  tha t  ar e prerequisite s o f  exper t  performanc e 

(Feltovich ,  e t  al. ,  1984) ;  some ,  o n th e difference s i n knowledge—i n scop e an d organization — 

foun d amon g experts ,  intermediates ,  an d novice s (Chas e &  Simon ,  1973 ;  Chi ,  Feltovic h Sz 

Glaser ,  1981 ;  Larkin ,  e t  al. ,  1980 ;  Patel ,  1984 ;  Pate l  k  Frederiksen ,  1984) . 

Th e pictur e o f  expertis e tha t  emerge s fro m thes e studie s i s o f  individual s wh o kno w mor e 

tha n non-experts ;  bu t  whos e knowledg e differ s no t  onl y i n quantit y bu t  als o quality .  I n 

particular ,  th e knowledg e o f  suc h expert s i s dens e an d context-sensitive :  expert s no t  onl y 

see m t o hav e mor e domain-specifi c  concepts ,  bu t  mor e relation s amon g concepts ;  an d expert s 

hav e a  greate r  facilit y  i n identifyin g appropriat e context s i n whic h t o interpre t  th e dat a i n a 

proble m (Evans ,  Gad d &  Pople ,  i n press) . 

I n a  domai n lik e medicine ,  wher e problem s ma y involv e comple x detail s an d solution s 

may b e grounde d i n incomplet e model s o f  pathophysiologica l  processes ,  knowin g mor e ca n 

lea d t o a  tensio n betwee n th e nee d fo r  bot h effectiv e problem-solvin g behavio r  an d thoroug h 

investigatio n o f  riva l  hypotheses .  H o w suc h tension s ar e resolve d reveal s aspect s o f  th e 

pragmatic s o f  medica l  expertise .  Thi s pape r  identifie s tw o associate d phenomen a resultin g 

fro m domai n pragmatics—selectiv e ignoranc e an d disciplinar y ecologica l  equilibrium—tha t 

accoun t  fo r  apparentl y sub-optima l  behavio r  i n medica l  exper t  proble m solving . 

ON PRAGMATICS IN MEDICINE 

Pragmatic s generall y refer s t o th e collectio n o f  effect s i n th e processin g o f  informatio n 

tha t  d o no t  deriv e alon e fro m eithe r  th e surfac e dat a o r  th e semantic s o f  th e cod e i n th e 

apprehende d message .  Thi s characterizatio n applie s equall y t o hnguisti c an d non-linguisti c 

communications .  Thus ,  pragmatic s subsume s th e inferences ,  interpretations ,  groundin g o f 

references ,  an d othe r  effect s o f  context—whethe r  th e 'visible '  co-occurin g phenomen a tha t 

accompan y a  communicatio n o r  th e 'invisible '  menta l  models—tha t  ar e mobilize d i n th e 

pursui t  o f  interpretations . 

Pragmatic s i n medicin e deserve s specia l  attentio n becaus e successfu l  proble m solvin g 

depend s o n identifyin g th e appropriat e context s i n whic h t o interpre t  th e typicall y over -

whelmin g numbe r  o f  possibl e feature s i n an y particula r  medica l  case .  Suc h context s ar e 

discovere d b y organizin g surfac e observation s (e.g. ,  symptoms ,  signs ,  laborator y data )  int o 

pattern s suggestiv e o f  diagnosti c hypotheses ;  bu t  th e pattern s themselve s reflec t  component s 

of  diseas e models—idealization s o f  pathophysiologica l  processes ,  ofte n expresse d a s pseudo -

causa l  relation s amon g individua l  observation s i n a  case .  Sinc e th e availabl e dat a i n mos t 
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medica l  case s ar e to o numerous ,  an d th e availabl e correlation s to o complex ,  t o suppor t  direc t 

inductiv e reasoning ,  physician s mus t  rel y o n a  prior i  model s tha t  ma y b e underdetermine d 

by th e immediatel y accessibl e informatio n (Evans ,  Gad d &  Pople ,  i n press) .  On e natura l 

resul t  i s  tha t  physician s hypothesiz e candidat e diagnoses ;  an d on e effec t  i s  tha t  candidat e 

diagnose s defin e context s i n whic h dat a ma y b e over-interpreted . 

ON EXPERTISE IN MEDICINE 

Expert s i n medicin e ar e individual s wh o hav e achieve d a  hig h leve l  o f  competence ,  per -

haps a s measure d b y pee r  assessment—individual s wh o hav e complete d al l  norma l  phase s 

of  trainin g an d hav e bee n practicin g medica l  proble m solvin g fo r  som e time .  Typically , 

suc h expert s ar e no t  exper t  across-the-board ,  i n al l  phase s o f  medica l  proble m solving ,  bu t 

ar e 'specialists'—expert s i n solvin g domain-specifi c  proble m types ,  e.g. ,  problem s i n inter -

nal  medicin e o r  pathology .  Bu t  thoug h specialized ,  medica l  expertis e i s no t  special-cas e 

or  extraordinar y expertise—i s no t  cognitivel y anomalous—rather ,  i s  attainabl e b y normall y 

intelligen t  individuals .  I n particular ,  medica l  non-expert s (novices ,  intermediates )  ar e no t 

cognitivel y immatur e individual s o r  laypeople .  The y ar e medica l  students ,  interns ,  an d res -

idents :  individual s wh o hav e attaine d a  hig h leve l  o f  genera l  competenc e an d som e degre e 

of  specialize d training .  Th e focu s o f  researc h i n medica l  proble m solvin g i s o n ho w suc h 

non-expert s acquir e domain-specifi c  knowledg e an d competence . 

One measur e o f  expertis e i s th e abilit y  t o manag e a n amoun t  o f  informatio n tha t  woul d 

overwhel m th e novice .  Indeed ,  tha t  ma y b e th e singl e mos t  strikin g an d consisten t  charac -

teristi c o f  expert s acros s subdomain s o f  medicine .  Bu t  ther e ar e aspect s o f  medica l  exper t 

behavio r  (an d expert/novic e differences )  tha t  indicat e tha t  suc h exper t  abilit y  t o manag e 

dat a ma y no t  lea d t o commensurabl y improve d reasonin g abilitie s i n problem-relate d tasks . 

For  example ,  expert s mak e accurat e diagnose s eve n whe n the y explai n thei r  diagnose s incor -

rectl y (Pate l  &  Groen ,  1986) .  Thi s suggest s tha t  differen t  relation s amon g th e feature s i n a 

cas e ma y b e involve d i n actua l  proble m solvin g tha n ar e reveale d i n th e normativ e model s 

of  pathophysiologica l  processe s tha t  for m th e communit y standar d fo r  medica l  explanations . 

As a  relate d example ,  expert s i n on e medica l  domai n hav e difficult y solvin g problem s i n 

anothe r  medica l  domain ,  eve n whe n presente d wit h th e basi c scienc e informatio n require d 

t o accoun t  fo r  th e pathophysiologica l  processe s involve d i n th e proble m (Patel ,  Aroch a k , 

Groen ,  1987 ;  Patel ,  Evan s &  Groen ,  i n press) .  Thi s suggest s tha t  th e inference s tha t  expert s 

make ar e no t  base d o n 'first-principle '  reasoning ,  bu t  ar e guide d b y other ,  domain-specific , 

reasonin g processes .  A s a  final  example ,  expert s ar e typicall y mor e intoleran t  o f  uncertaint y 

tha n novices ,  thoug h the y hav e th e knowledg e require d t o se e a  greate r  numbe r  o f  possibilite s 

i n interpretin g dat a (Patel ,  Evan s &  Kaufman ,  i n press) .  Thi s suggest s tha t  th e process -

in g o f  informatio n b y medica l  expert s i s a t  leas t  partl y categorial ,  an d tha t  th e categorie s 

effectivel y filter  variatio n i n data . 

I n short ,  exper t  performanc e i s no t  perfect ;  an d aspect s o f  exper t  performanc e fal l  shor t 

of  standard s tha t  experts ,  themselves ,  ma y acknowledg e a s desirable .  (Thi s i s especiall y 
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th e cas e i n th e emphasi s o n basi c scienc e a s a  basi s fo r  medica l  reasoning. )  Mor e problem -

ati c tha n simpl e failure s i n performance ,  though ,  i s th e fac t  tha t  th e observe d behavio r  o f 

experts—i n thei r  approac h t o problems ,  i n thei r  explanations—i s consistent ,  coherent ,  an d 

superficiall y  rational .  Wha t  ca n accoun t  fo r  this ? 

EFFECTS OF PRAGMATICS IN MEDICAL PROBLEM SOLVING 

I f  w e tak e th e abov e observation s a t  fac e value ,  w e mus t  conclud e tha t  medica l  expert s 

ar e no t  capabl e o f  flawless  judgment ,  eve n i n thei r  area s o f  specialization ;  that ,  i n a  sense , 

the y practic e fals e science ,  o r  a t  leas t  a  differen t  scienc e tha n the y imagine .  I n eithe r  cas e 

we shoul d b e concerned .  I f  ther e i s n o metho d a t  all ,  ther e i s n o basi s fo r  th e decision s 

physician s make .  An d i f  ther e i s a  method ,  bu t  i t  i s  differen t  fro m th e on e use d t o infor m 

th e discipline ,  ther e i s n o basi s fo r  predictin g th e effect s o f  change—modification s o f  th e 

normativ e model s i n th e fagad e method—o n actua l  practice . 

On th e surface ,  thi s ha s th e for m o f  a  dilemma .  I  suggest ,  however ,  tha t  i t  i s  th e natura l 

consequenc e o f  problem-solvin g behavio r  'i n th e limit' ;  an d tha t  thi s situatio n ma y actuall y 

reflec t  a n optima l  adaptatio n t o th e need s o f  communicatio n i n comple x domains .  I n par -

ticular ,  I  woul d clai m tha t  th e observe d sub-optima l  performanc e o n som e problem-relate d 

task s ca n b e attribute d t o th e pragmatic s o f  informatio n managemen t  i n medicine .  On e 

pragmati c effec t  i s  loca l  (an d 'low-level' ,  i n actua l  proble m solving) :  th e nee d t o discrimi -

nat e phenomen a s o tha t  the y ca n b e analyze d a s element s o f  comple x categories .  Thi s lead s 

t o selectiv e ignorance— a failur e t o se e variatio n an d t o distinguis h 'source '  dat a fro m inter -

pretations .  Anothe r  pragmati c effec t  i s globa l  (an d ca n hav e consequence s fo r  perfomanc e a t 

al l  levels) :  th e nee d t o organiz e informatio n i n problem-solvin g situation s i s greate r  tha n th e 

need t o establis h accurat e relation s amon g elements .  Thi s lead s t o a n emphasi s o n principle s 

of  organizatio n an d o n compHanc e wit h estabhshe d standard s o f  coherenc e (a t  th e expens e 

of  principle s o f  science )  givin g ris e t o disciplinar y ecologica l  equilibrium—wher e degredation s 

i n communit y standard s pos e a  greate r  threa t  t o performanc e tha n degredation s i n models . 

The followin g section s offe r  furthe r  reflection s o n thes e points . 

Selective Ignorance 

One sourc e o f  erro r  i n exper t  performanc e derive s directl y fro m a  sourc e o f  efficiency : 

expert s ma y fai l  t o se e certai n relation s i n dat a becaus e invoked ,  candidat e interpretation s 

effectivel y accoun t  fo r  man y o f  th e relation s i n th e data ,  obscurin g possibl e alternativ e 

interpretation s an d invitin g a n under-interpretatio n o f  anomalou s data .  Thi s i s seen ,  fo r 

example ,  i n studie s o f  novices ,  intermediates ,  an d expert s i n doctor/patien t  interview s (Patel , 

Evan s &  Kaufman ,  i n press) .  Th e principa l  proble m fo r  novice s i s seein g to o much—the y 

canno t  discriminat e th e relevan t  fro m irrelevan t  details ;  an d the y canno t  organiz e al l  th e 

informatio n the y gathe r  i n interview s (though t  the y ma y retai n it) .  Th e principa l  proble m 

fo r  experts ,  o n th e othe r  hand ,  i s tha t  the y ma y mis-manag e th e flow  o f  informatio n b y 

over-interpretin g possibl e cue s and ,  consequently ,  ignorin g possibl y importan t  details . 

I n actua l  practice ,  th e salvatio n i n th e first  cas e i s knowledge ;  i n th e second ,  discipline . 

370 



E V A NS 

Throug h knowledge ,  th e novic e acquire s prototype s tha t  serv e bot h a s target s fo r  th e in -

terpretatio n o f  detail s an d als o a s predictor s o f  additiona l  relation s o r  detail s tha t  ma y b e 

relevant .  Prototype s becom e signpost s o n th e wa y t o th e successfu l  organizatio n o f  th e in -

formatio n i n a  case ;  an d prototype s ar e leamable .  Throug h discipline ,  th e exper t  check s th e 

tendenc y t o prematur e closure—i n particular ,  b y followin g procedure s tha t  wil l  typicall y re -

quir e tha t  detail s b e examine d fro m severa l  point s o f  vie w befor e a  conclusio n ca n b e drawn . 

Thi s force s th e exper t  t o re-examin e th e preferre d hypothesis ,  thoug h i t  ma y no t  forc e hi m 

or  he r  t o abando n i t  i n th e fac e o f  counterevidence . 

I t  i s  interestin g t o not e tha t  expert s w e hav e studie d d o no t  recove r  wel l  fro m defeate d 

hypotheses .  The y frequentl y discar d methodolog y a t  suc h point s an d generat e inference s 

tha t  ar e base d o n possibl e association s o f  data-—no t  necessaril y  probabl e o r  plausibl e ones . 

Indeed ,  attempt s t o appea l  t o 'basi c scientific '  reasonin g a t  suc h time s i s actuall y counter -

productiv e (Patel ,  Evan s &  Groen ,  i n press) . 

Thi s ma y b e partiall y  explaine d b y a  relate d phenomenon ,  viz. ,  tha t  exper t  understandin g 

involve s wha t  appear s t o b e simultaneou s derivatio n o f  a  situatio n mode l  alon g wit h th e 

processin g o f  surfac e data—an d tha t  th e tw o ar e integrate d i n recal l  (Patel ,  1988) .  Thi s i s 

distinc t  fro m th e result s wit h novices ,  wher e ther e appear s t o b e a  separatio n i n memor y o f 

th e fact s an d th e derive d situation . 

Bot h phenomena—th e over-interpretatio n o f  cue s (an d consequen t  under-interpretatio n o f 

variation )  an d th e integratio n o f  sourc e dat a an d interpretations—bea r  a  strikin g similarit y 

t o wha t  w e se e i n categoria l  perception—wher e discret e phenomen a ar e no t  notice d i f  the y 

fal l  belo w a  threshol d o f  perception ;  bu t  ar e homogenize d an d integrate d int o a  perceptua l  o r 

processin g category ,  i f  the y excee d th e threshold .  Typically ,  i n suc h case s o f  perception ,  th e 

sourc e stimulu s i s los t  an d onl y th e categor y an d it s prototypica l  prediction s ar e recoverable . 

I n th e fac e o f  nois y o r  comple x data ,  categoria l  perceptio n give s ris e t o efficien t  perform -

ance—but  als o selectiv e ignorance :  on e ha s th e abilit y  t o mak e clea r  judgment s bu t  on e lose s 

th e abilit y  t o mak e (o r  see )  fine  distinctions .  On e importan t  effec t  o f  selectiv e ignoranc e 

i s tha t  al l  peopl e wh o shar e th e perceptua l  categorie s wil l  agre e o n thei r  classification s 

of  phenomena .  (Thi s phenomeno n assure s agreement s i n phonologica l  interpretations ,  fo r 

example ,  amon g nativ e speaker s o f  th e sam e language. )  Bu t  anothe r  effec t  i s  tha t  whe n 

categorizatio n prove s incorrect ,  i t  ma y b e difficul t  t o se e dat a objectively ,  withou t  partia l 

interpretations . 

Disciplinary Ecological Equilibrium 

A serie s o f  studie s o n th e basi s o f  medical-concept s hav e recentl y suggeste d tha t  actua l 

medica l  expertis e ma y i n som e instance s b e base d o n fals e informatio n (Coulson ,  Feltovic h 

L Spiro ,  1986 ;  Feltovich ,  Spir o &  Coulson ,  i n press ;  Spiro ,  Feltovic h &  Coulson ,  1987) . 

Such observation s clearl y presen t  a  challeng e t o th e scienc e o f  medicine ,  bu t  als o t o ou r 

understandin g o f  effectiv e proble m solving .  I f  th e acknowledge d basi s fo r  proble m solvin g i s 

flawed,  wha t  account s fo r  th e persistenc e i n us e o f  inaccurat e model s i n medcia l  textbooks . 
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i n medica l  curricula ,  an d i n exper t  discourse ? I s thi s on e sourc e o f  th e sub-optima l  behavio r 

we observ e i n exper t  proble m solving ? 

One analysi s i s tha t  fals e model s arise ,  i n part ,  throug h simplification s tha t  facilitat e 

learning .  Th e stron g clai m i n thi s cas e woul d b e tha t  suc h practic e lead s t o a  perniciou s 

degradatio n i n th e validit y o f  a  science .  I n th e wors t  case ,  th e cycl e becomes :  Learnin g 

efficienc y lead s t o performanc e deficiency ,  whic h late r  lead s t o ne w learnin g inefficiency . 

Mor e concretely ,  th e simplification s tha t  mak e th e learnin g o f  comple x concept s easie r  o n 

first  exposur e actuall y becom e th e base s o f  model s tha t  ar e flawed.  These ,  i n turn ,  giv e ris e t o 

performanc e anomalies ;  an d inhibi t  th e acquisitio n o f  new—and possibl y 'correct'-—model s 

of  biomedica l  phenomena . 

An alternativ e interpretatio n i s possible .  Simplification s (eve n falsifications )  ar e bot h 

adaptiv e an d necessar y i n comple x domain s suc h a s medicine .  Th e clai m woul d b e tha t 

th e nee d fo r  coherenc e outweigh s th e nee d fo r  accuracy ;  an d coherenc e i s assure d onl y 

i f  th e normativ e model s ar e widel y accepted ,  remembered ,  an d use d a s th e basi s fo r  th e 

description ,  analysis ,  an d discussio n o f  problems .  T o th e exten t  tha t  detai l  i s  comple x 

and render s model s difficul t  t o lear n an d use ,  actua l  accurac y ca n lea d t o degradation s i n 

agreemen t  o n coherenc e standards .  Rathe r  tha n promot e performanc e deficiency ,  change s 

i n practic e (e.g. ,  emphasizin g scientifi c  accurac y whe n w e trai n physicians )  ma y presen t  a 

greate r  threa t  o f  reducin g globa l  expertis e tha n hop e o f  improvin g disciplinar y performance . 

Th e tensio n her e i s betwee n th e nee d fo r  globa l  coherenc e an d proble m solvin g efficienc y 

(purchase d vi a selectiv e ignorance) ,  o n th e on e hand ,  an d accurac y o f  knowledg e (purchase d 

vi a attentio n t o greate r  detail—an d perhap s intoleranc e o f  variation) ,  o n th e other .  Th e 

clai m woul d b e tha t  i n domain s wher e perfomanc e grow s asymptoti c i n th e limit—and , 

mor e importantly ,  wher e expertis e i s collectiv e i n practice ,  no t  individual—ther e i s a  dis -

ciplinar y ecologica l  equilibrium—i n whic h th e nee d fo r  grea t  sensitivit y t o coherenc e an d 

grea t  conformit y wit h paradigm s (t o promot e agreemen t  i n proble m solvin g behavior )  i s 

mor e importan t  tha n accurac y o f  th e accepte d models .  I n suc h a  case ,  th e superfica l  biase s 

we observ e woul d actuall y b e th e symptom s o f  constructiv e adaptiv e behavior . 

CONCLUSION 

Th e sourc e o f  th e problem s w e observ e i n medica l  expert s derive s fro m limitation s i n 

human intelligenc e (an d epistemologica l  models )  i n capturin g th e ontolog y o f  biomedicine . 

The uniformit y o f  performanc e acros s expert s reflect s th e 'sociology '  o f  th e discipline—th e 

adaptiv e behavio r  associate d wit h share d an d reinforce d principle s o f  communicatio n an d 

explanator y adequacy . 

One lesso n i s tha t  wha t  expert s d o wef l  ma y necessaril y  determin e wha t  expert s d o poorly . 

The medica l  exper t  purchase s efficienc y wit h selectiv e ignorance ;  an d achieve s effectiv e com -

municatio n an d coherenc e throug h a  conspirac y o f  simplifications .  Thes e ar e tw o o f  th e 

pragmati c feature s o f  expertis e i n medicine . 

Th e reflection s offere d her e requir e elaboratio n beyon d th e scop e o f  thi s paper ;  bu t  the y 
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rais e question s tha t  hav e impHcation s fo r  ou r  understandin g o f  learnin g an d skil l  master y i n 

othe r  comple x problem-solvin g domains—no t  jus t  i n medicine . 

REFERENCES 

Chase, W.G. & Simon, H.A. (1973). Perception in chess. Cognitive Psychology, 4i 55-81. 

Chi, M.T.H., Feltovich, P.J. & Glaser, R. (1981). Categorization and representation of physics 

problem s b y expert s an d novices .  Cognitiv e Science ,  5 ,  121-152 . 

Chi, M.T.H. & Glaser, R. (Eds.) (In Press). The nature of expertise. Hillsdale, NJ: Lawrence 

Erlbau m Associates . 

Coulson, R.L., Feltovich, P.J. & Spiro, R.J. (1986). Foundations of a misunderstanding of the 
ultrastructura l  basi s o f  myocardia l  failure :  A  reciprocatin g networ k o f  oversimplification s 

(Repor t  No .  1) .  Springfield ,  IL :  Conceptua l  Knowledg e Researc h Project ,  Souther n Illinoi s 

Universit y Schoo l  o f  Medicine . 

Evans, D.A., Gadd, C.S. & Pople, H.E., Jr. (In Press). Managing coherence and context in 

medica l  problem-solvin g discourse .  I n D.A .  Evan s &  V.L .  Pate l  (Eds.) ,  Cognitiv e scienc e i n 

medicine .  Cambridge ,  M A :  Th e MI T Press . 

Feltovich, P.J., Johnson, P.E., Moller, J.H. & Swanson, D.B. (1984). LCS: The role and develop-

ment  o f  medica l  knowledg e i n diagnosti c expertise .  I n W.J .  Clance y &  E.H .  Shorthff e (Eds.) , 

Reading s i n medica l  artificia l  intelligence :  Th e first  decade .  Reading ,  M A :  Addiso n Wesley . 

Feltovich, P.J., Spiro, R.J. & Coulson, R.L. (In Press). The nature of conceptual understanding 

i n biomedicine :  Th e dee p structur e o f  comple x idea s an d th e developmen t  o f  misconceptions . 

I n D.A .  Evan s k  V.L .  Pate l  (Eds.) ,  Cognitiv e scienc e i n medicine .  Cambridge ,  M A :  Th e 
MI T Press . 

Johnson, P.E., Duran, A.S., Hassebrock, F., MoUer, J., Prietula, M., Feltovich, P.J. & Swanson, 

D.B.  (1981) .  Expertis e an d erro r  i n diagnosti c reasoning .  Cognitiv e Science ,  5 ,  235-283 . 

Larkin, J.H., McDermott, J., Simon, D.P. & Simon, H.A. (1980). Expert and novice performance 

i n solvin g physic s problems .  Science ,  208 ,  1335-1342 . 

Patel, V.L. (1984). Prior knowledge and comprehension of medical texts: Expert-novice differ-

ences .  Centr e fo r  Medica l  Education ,  McGil l  University ,  Montreal ,  Canada .  C M E Repor t  # 

CME84-CS3. 

Patel, V.L. (1988). The nature of understanding and problem solving in medical expertise. Centre 

fo r  Medica l  Education ,  McGil l  University ,  Montreal ,  Canada .  C M E Repor t  #  CME88-CS4 . 

Patel, V.L., Arocha, J.F. & Groen, G.J. (1986) Strategy selection and degree of expertise in 

medica l  reasoning .  Proceeding s o f  th e Eigh t  Annua l  Conferenc e o f  th e Cognitiv e Scienc e 

Society .  Hillsdale ,  NJ :  Lawrenc e Erlbau m Associates ,  Pubhshers . 

Patel, V.L. & Frederiksen, C.II. (1984). Cognitive processes in comprehension and knowledge 

acquisitio n b y medica l  student s an d physicians .  I n H.G .  Schmid t  &  M.C .  d e Voide r  (Eds) , 

Tutorial s i n problem-base d learning .  Assen ,  Holland :  Va n Gorcum . 

373 



E V A NS 

Patel ,  \'.L .  k  Groen ,  G.J .  (1986) .  Knowledge-base d solutio n strategie s i n medica l  reasoning . 

Cognitiv e Science ,  10 ,  91-115 . 

Patel, V.L., Evans, D.A., h Groen, G.J. (In Press). Biomedical knowledge and clinical reasoning. 

I n D.A .  Evan s h  V.L .  Pate l  (Eds.) ,  Cognitiv e scienc e i n medicine .  Cambridge ,  M A :  Th e 

M I T Press . 

Patel, V.L., Evans, D.A. & Kaufman, D. (In Press). A cognitive science framework for doc-

tor/patien t  interaction .  I n D.A .  Evan s h  V.L .  Pate l  (Eds.) ,  Cognitiv e scienc e i n medicine . 

Cambridge ,  M A :  Th e M I T Press . 

Spiro, R.J., Feltovich, P.J. k Coulson, R.L. (1987). Seductive reductions: The hazards of over-

simplificatio n o f  comple x concept s (Repor t  No .  4) .  Springfield ,  IL :  Conceptua l  Knowledg e 

Researc h Project ,  Souther n Illinoi s Universit y Schoo l  o f  Medicine . 

374 


	cogsci_1988_368-374



