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T R A N S I T O RY S T A G ES I N T H E D E V E L O P M E NT O F M E D I C A L EXPERTISE : 

T HE " I N T E R M E D I A T E EFFECT "  I N CLINICA L C A S E R E P R E S E N T A T I ON STUDIE S 1 

Henk G. Schmidt, Henny P. A. Boshuizen & Pie P. M. Hobus 

University of Limburg, Maastricht, The Netherlands 

One o f  th e best-establishe d empirica l  phenomen a i n researc h o n th e developmen t  o f  expertis e i n 
medicine ,  i s th e "intermediat e effec t  "  i n clinica l  cas e representatio n studies .  Th e experimenta l 

paradig m whic h produce s thi s phenomeno n i s describe d a s follows :  Subject s differin g i n leve l  o f 

expertis e ar e requested  t o study ,  fo r  abou t  tw o o r  thre e minutes ,  hal f  a  pag e o f  tex t  describin g a 

patient' s history ,  presentin g complaint s an d som e additiona l  findings-result s o f  laborator y test s 
and/o r  physica l  examination .  Th e tex t  i s removed ,  an d th e subject s ar e aske d t o recall  everythin g 

the y ca n remember from  th e text̂ .  I n addition ,  the y ar e require d t o stat e a  mos t  likel y diagnosi s fo r 

th e case .  Subject s wit h intermediat e level s o f  expertis e consistentl y produc e mor e extensiv e recalls 

tha n eithe r  expert s -e.g .  experience d physicians — o r  novice s (Pate l  &  Groen ,  1986a) . 

Thi s phenomeno n ha s bee n demonstrate d unde r  variou s conditions ,  wit h differen t  case s an d i n 

differen t  populations .  I n a  stud y usin g a  cardiovascula r  respiratio n case ,  Muzzin ,  Norman , 
Feightner ,  &  T u g w e U (1983 )  foun d tha t  internist s recalle d significantl y fewe r  item s fro m th e cas e 

tha n di d residents  o r  pre-residenc y medica l  students .  Claesse n &  Boshuize n (1985 )  presente d 

typica l  an d atypica l  case s o f  pancreatiti s  an d prostatiti s  t o famil y physician s an d student s a t  thre e 

level s o f  expertise .  Th e resident s participatin g i n th e experimen t  showe d superio r  recall  o n al l  case s 

as compare d wit h bot h th e famil y physician s an d th e pre-clinica l  students .  Pate l  &  Medley-Mar k 

(1985 )  demonstrate d th e sam e phenomeno n i n fina l  yea r  medica l  student s a s compare d wit h bot h 

intemist s an d novices ,  usin g a n acut e bacteria l  endocarditi s  cas e an d a  stomac h cance r  case .  Th e 

intermediat e effec t  has ,  i n addition ,  bee n demonstrate d i n expertise-relate d task s othe r  tha n tex t 

processin g (Gran t  &  Marsden ,  1988 ;  Patel ,  Evans ,  &  Kaufinan ,  1988) .  I n al l  studie s reviewe d 

however ,  diagnosti c accurac y o f  th e mos t  experience d grou p exceede d tha t  o f  th e othe r  level s o f 

expertise ,  suggestin g tha t  th e intermediat e effec t  canno t  b e explaine d awa y b y assumin g lac k o f 

ecologica l  validit y o f  th e experimenta l  tasks . 

These results appear to be counterintuitive. Research into the way in which subjects with different 
level s o f  prio r  knowledg e proces s tex t  ha s show n tha t  th e riche r  th e knowledg e bas e use d i n th e 

interpretatio n o f  n e w information ,  th e bette r  recal l  o f  tha t  information .  Spilich ,  Vesonde r  &  Vos s 

(1979) ,  fo r  instance ,  foun d tha t  subject s wit h hig h knowledg e o f  basebal l  remembered  more ,  an d 

mor e relevant  informatio n from a  report  o f  a  basebal l  gam e tha n low-knowledg e individuals .  I n th e 

domai n o f  chess ,  grandmaster s wer e abl e t o recall  position s o f  piece s o n th e boar d mor e accuratel y 

tha n player s wit h les s experienc e (D e Groot ,  1946) .  I t  i s generall y assume d tha t  prio r  knowledg e 

provide s scaffoldin g fo r  th e n e w informatio n t o b e encode d an d retrieved.  I n othe r  words :  Instea d 

of  th e invertedl y U-shape d curv e commonl y foun d i n developmenta l  studie s i n medicine ,  on e woul d 

expec t  a  monotonou s increas e o f  recall  a s a  functio n o f  increasin g expertise . 

*  Preparatio n o f  thi s pape r  wa s enable d b y gran t  #  626 6 o f  th e Dutc h Foundatio n fo r  Educationa l  Researc h (SVO )  t o 
H.  G.  Schmid t  an d H.P.A .  Boshuizen .  Th e author s lik e t o acknowledg e th e contribution s o f  Stev e Forste r  an d 
Loreoc e Coughlin . 

^The resultin g recall  protoco l  i s  segmente d int o propositions .  Th e proposition s recalled,  an d thei r  interrelations ,  ar e 
considere d th e subject' s menta l  representation  o f  th e patient' s problem ,  a  representation  o n whic h hi s diagnosi s o f  th e 
underlyin g patholog y i s based .  On e simpl e wa y t o dea l  wit h a  recall  protoco l  i s  t o coun t  th e numbe r  o f  proposition s 
conectl y recalle d 
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Based on an extensive review of the literature, Schmidt & Norman (1988) suggest that the 
intermediat e effec t  ma y resul t  from  th e fac t  tha t  expert s an d intermediate s appl y differen t  knowledg e 
i n th e representation  o f  a  clinica l  case .  I n thei r  view ,  th e developmen t  o f  expertis e i n medicin e 
progresse s throug h severa l  transitor y stages ,  eac h o f  whic h i s characterize d b y functionall y differen t 
knowledg e stmcture s underlyin g performance .  Whe n applie d t o th e understandin g o f  clinica l  cases , 
thes e structure s produc e quit e differen t  effects .  Novices ,  b y thei r  nature ,  hav e litd c mor e tha n a  lay -
person' s ide a o f  illness .  Thei r  knowledg e i s limite d an d consist s mainl y o f  a n understandin g o f 
basi c biologica l  processe s an d structures ,  withou t  muc h reference  t o th e consequence s o f  diseas e a s 
excnplifie d i n a  clinica l  case .  Student s however ,  wh o ente r  residency,  hav e alread y develope d ric h 
and elaborate d causa l  network s explainin g th e sign s an d syir^tom s associate d wit h a  diseas e i n 
term s o f  underlyin g pathophysiologica l  processes ,  principle s o r  mechanisms .  Since ,  b y tha t  time , 
thei r  exposur e t o "real "  patient s stil l  ha s bee n limited ,  the y hav e t o proces s informatio n extracte d 
from  a  ne w cas e consciousl y an d elaborately ,  reasonin g throug h th e causa l  pathophysiologica l 
network s availabl e t o them ,  i n orde r  t o arriv e a t  a n understandin g o f  tha t  case .  Thi s reasonin g 
proces s ma y tak e (considerable )  time . 
For  experience d physician s however ,  causa l  pathophysiologica l  knowledg e ha s becom e compile d 
int o diagnosti c label s o r  simplifie d causa l  model s explainin g sign s an d symptoms ,  a s a  result  o f 
extensiv e use .  Compile d knowledg e is ,  b y it s  nature ,  automaticall y an d effortlessl y activate d b y 
relevant  cue s i n a  case ,  becaus e repeated  activatio n i n respons e t o thes e sam e cue s ha s cause d it s 
compilatio n (Anderson ,  1983) .  TTier e i s som e evidenc e supportin g th e ide a o f  th e limite d us e o f 
elaborat e pathophysiologica l  explanatio n b y experience d clinicians .  Boshuizen ,  Schmid t  & 
Coughli n (1987) ,  usin g a  think-alou d methodology ,  showe d tha t  genera l  practitioner s onl y rarel y 
refer  t o pathophysiolog y whil e reasoning  abou t  a  sequentiall y  presente d case .  Wherea s student s 
use pathophysiologica l  concept s extensivel y whe n explainin g th e informatio n presente d t o them . 
Patel ,  Evan s &  Groe n (1988) ,  reviewing  research  o n pathophysiologica l  explanatio n o f  clinica l 
case s b y subject s o f  differen t  expertise ,  als o conclud e tha t  expert s appea r  t o rely  les s o n causa l 
biomedica l  knowledg e whil e diagnosin g a  case .  Thes e finding s suppor t  th e ide a tha t  th e 
developmen t  o f  expertis e involve s extensiv e compilatio n o f  knowledg e acquire d durin g training . 
However ,  Schmid t  &  Norma n postulat e that ,  i n additio n t o th e proces s o f  compilation ,  anothe r 
proces s take s plac e a s a  result  o f  frequen t  exposur e t o patients .  Experienc e add s somethin g t o th e 
knowledg e bas e o f  physician s tha t  i s  onl y superficiall y  taugh t  i n medica l  schoo l  bu t  ̂jpear s t o b e 
most  relevant  whil e diagnosin g a  patient :  Th e constraint s unde r  whic h diseas e occur s i n humans . 
Ther e i s som e evidenc e tha t  exper t  behavio r  i s  determine d i n particula r  b y th e exten t  t o whic h rich 
and elaborate d knowledg e abou t  thes e constraint s i s acquire d (Schmidt ,  Hobus ,  Patel ,  & 
Boshuizen ,  1987) .  T o accommodat e thi s poin t  o f  view ,  Feltovic h &  Barrow s (1984 )  hav e 
suggeste d tha t  i n th e cours e o f  year s o f  practice ,  physician s develo p cognitiv e structure s o f  variou s 
disease s whic h the y cal l  "illnes s scripts" .  Thes e illnes s script s contai n th e physician' s idiosyncrati c 
and compile d knowledg e o f  th e diseas e an d it s consequences ,  i n additio n t o knowledg e o f  th e 
constraint s unde r  whic h a  diseas e occurs .  ("Enablin g conditions "  i s th e ter m the y us e t o refer  t o 
tfiese  constraints. )  Illnes s script s ar e frame -  o r  list-lik e structures ,  containin g prototypica l 
informatio n abou t  a  disease ,  which ,  whe n activated ,  guid e a  clinicia n throug h a  cas e an d suppor t 
hi m i n lookin g fo r  cue s tha t  ar e relevant . 

This theory allows for a number of predictions about the nature of differences between subjects of 
variou s level s o f  expertise .  O f  these ,  th e followin g ar e relevan t  t o th e experimen t  describe d here : 
1.  Assumin g tha t  consciou s applicatio n o f  causa l  pathophysiologica l  knowledg e i n explainin g al l 
th e informatio n embedde d i n a  cas e ca n b e considere d mor e extensiv e tha n jus t  lookin g fo r  relevan t 
cues i n orde r  t o matc h a n applicabl e illnes s script ,  i t  ma y b e expecte d tha t  th e recall  o f  tha t  cas e b y 
intermediate s wil l  b e superio r  t o th e experts '  recall .  Thi s woul d explai n th e sourc e o f  th e 
intermediat e effects . 
2.  Consciou s processing ,  however ,  take s mor e tim e tha n automaticall y activatin g a  relevant  scrip t 
and fillin g i n slots .  Hence ,  i t  i s  predicte d tha t  th e intermediat e effec t  wil l  dis^pea r  whe n 
processin g tim e i s restricted .  Th e experts '  recal l  performanc e however ,  wil l  b e les s affecte d b y a 
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decrease in the time available to process the case, simply because experts need less time to match the 

symptom s t o a  relevan t  script .  Th e scrip t  i n tum ,  wil l  facilitat e subsequen t  retrieva l  o f  case-relate d 

information . 

3.  I f  intermediate s usuall y proces s a  cas e activatin g elaborat e pathophysiologica l  knowledge , 

wherea s th e expert s onl y appl y compile d knowledge ,  i t  i s  predicte d tha t  post-ho c 

pathophysiologica l  explanation s provide d b y intermediate s wil l  b e mor e extensiv e tha n thos e 

provide d b y experts . 

4.  Predictio n 3  wil l  onl y appl y t o thos e circumstance s i n whic h subject s hav e enoug h tim e t o jqspl y 

causa l  knowledge .  Thus ,  a  decreas e i n processin g tim e availabl e wil l  als o affec t  th e elaboratenes s 

of  th e post-ho c pathophysiologica l  explanation s provide d b y intermediates .  Th e amoun t  o f 

explanatio n provide d b y th e expert s however ,  wU l  no t  b e influence d b y manipulatio n o f  th e 

processin g time ,  sinc e tfieir  knowledg e i s compile d an d easil y available ,  eve n unde r  highl y 

restricte d processin g conditions . 

5.  Limitatio n o f  processin g tim e wil l  probabl y affec t  th e accurac y o f  th e diagnosti c hypothese s 

offere d b y al l  groups .  However ,  th e exper t  grou p wil l  displa y smalle r  losse s i n accurac y fo r  th e 

same reason s a s state d before :  Expert s reaso n les s an d therefore ,  hav e mor e tim e availabl e t o sca n 

briefl y th e cas e i n searc h o f  a  solution . 

In order to test these hypotheses, subjects having different levels of expertise were requested to 

stud y a  cas e histor y unde r  varyin g tim e constraints ,  recal l  th e information ,  provid e a  diagnosi s an d 

produc e a  pathophysiologica l  explanation . 

MEmOD 
Subject s 
Subject s wer e 12 0 student s an d physician s o f  th e Universit y o f  Limburg :  2 4 firs t  yea r  allie d healt h 

science s students ,  7 2 medica l  student s (2 4 second- ,  2 4 fourth -  an d 2 4 sixth-yea r  undergraduat e 

students )  an d 2 4 internist s wit h a t  leas t  tw o year s o f  experience .  Eac h grou p o f  2 4 wa s randoml y 

subdivide d i n thre e group s o f  eigh t  w h o studie d th e clinica l  cas e unde r  differen t  tim e constraints . 

Subject s receive d a  smal l  compensatio n fo r  thei r  participation . 

Material 

The material s consiste d o f  a  bookle t  containin g a  270-wor d descriptio n o f  a  clinica l  cas e an d thre e 

blan k respons e sheets .  Th e cas e wa s a  Dutc h translatio n o f  th e acut e bacteria l  endocarditi s  cas e use d 

by Pate l  &  Groe n (1986b )  an d consiste d o f  7 1 propositions . 

Procedure 
First ,  subject s wer e requeste d t o stud y th e cas e carefully .  Dependen t  upo n th e experimenta l 

condition ,  the y wer e give n th e opportunit y t o stud y th e cas e fo r  3  minute s an d 3 0 second s (3 '  30") , 

whic h wa s th e amoun t  o f  tim e allotte d t o subject s i n th e origina l  Pate l  studies ,  1  minut e 1 5 seconds , 

or  3 0 seconds^ .  Afte r  readin g th e tex t  fo r  th e duratio n o f  tim e allowed ,  th e experimente r  aske d 

the m t o tu m t o th e nex t  page .  Thi s pag e containe d th e followin g instruction :  "Woul d yo u b e s o 

kin d a s t o writ e d o w n everythin g yo u recal l  fro m th e case ? Writ e complet e sentence s an d avoi d 

abbreviations" .  Sufficien t  spac e wa s give n t o produc e a  free  recal l  protocol .  O n th e nex t  page , 

subject s wer e requeste d t o provid e a  diagnosi s fo r  th e patient .  Th e las t  pag e containe d thi s 

instruction :  "Describ e th e pathophysiolog y which ,  i n you r  opinion ,  underlie s th e case .  Writ e 

conplet e sentence s an d avoi d abbreviations .  Onl y us e schemati c representation s i f  strictl y 

necessary" .  Subject s wer e fre e t o us e a s m u c h tim e a s the y neede d fo r  th e assignments . 

P̂recedin g th e processin g o f  th e case ,  subject s i n th e 30 "  conditio n wer e give n th e opportunit y t o read  a n unrelate d 
tex t  o f  exactl y th e sam e lengt h t o provid e the m wit h som e experienc e i n scannin g a  tex t  i n a  ver y shor t  lime .  Thi s 
was don e i n orde r  t o minimiz e variabilit y  i n th e wa y subject s woul d undertak e th e experimenta l  task . 
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Accurac y scor e 

-Q-  3'30 " 
-• -  ri5 " 
•  SO-

NS 2n d y r  4t h y r  6t h y r  internist s 

Level of expertise 

Figur e 1 .  Averag e accurac y o f  diagnose s a s a  functio n o f  expertis e an d processin g tim e 

Subsequently, the free recall and pathophysiology protocols were segmented into propositions, 
ĵ jplyin g a  techniqu e adapte d from  Frcderikse n (1975) .  Th e numbe r  o f  proposition s correctl y 
recalle d wa s recorded .  I n addition ,  th e tota l  numbe r  o f  proposition s i n th e pathophysiolog y 
protocol s wa s established .  Th e accurac y o f  th e diagnosi s wa s determine d attachin g weight s t o eac h 
of  th e elements .  I f  th e diagnosi s containe d th e ter m "endocarditis "  2  point s wer e given .  Th e 
presenc e o f  "acute" ,  "bacterial "  an d "embolisms "  eac h contribute d 1  j)oint .  So ,  a  maximu m scor e 
of  5  coul d b e obtained . 
I n addition ,  extensiv e qualitativ e analyse s wer e carrie d ou t  whic h ar e beyon d th e scop e o f  thi s pape r 
and whos e result s wil l  no t  b e discusse d here . 

RESULTS and DISCUSSION 
Diagnosti c accurac y 
Figur e 1  show s th e averag e accurac y o f  th e diagnose s propose d b y th e subjects .  I n lin e wit h othe r 
studies ,  th e numbe r  o f  accurat e diagnose s significantl y covarie s wit h expertise ,  resultin g i n th e 
classica l  monotonicall y increasin g performanc e curve .  TTies e dat a sugges t  tha t  th e cas e 
representatio n tas k i s ecologicall y valid ,  becaus e expertise-relate d difference s t o b e expecte d ar c 
actuall y found . 
Processin g time ,  however ,  doe s no t  hav e a  significan t  effec t  o n diagnosti c performance .  Thi s 
conclusio n applie s t o al l  level s o f  expertise ,  includin g exper t  performance :  F  (2 ,  21) = 2.62 ,  p < 
.10 .  Thes e results  ar e somewha t  a t  varianc e wit h th e expectatio n that ,  i n particular ,  performanc e o f 
subject s wit h les s experienc e woul d suffe r  from  th e constrainin g o f  tim e availabl e fo r  processing . 
However ,  sinc e th e averag e score s o f  thes e group s ar e extremel y lo w unde r  al l  conditions ,  failur e t o 
fin d significan t  difference s ma y b e du e t o th e overal l  difficult y o f  th e case . 

Recall data 
Figur e 2  show s th e results  o f  th e analyse s o f  th e fre e recal l  protocols .  Th e numbe r  o f  proposition s 
recalled  i s displaye d a s a  functio n o f  expertis e an d processin g time .  Overal l  difference s betwee n 
level s o f  exf)ertise ,  an d withi n differen t  processin g tim e conditions ,  ar e statisticall y significan t  (p < 
.001) .  A n exceptio n i s th e performanc e o f  th e differen t  group s unde r  th e intermediat e -1 '  15" -
processin g tim e constraint ;  F  (4 ,  35) = 2.33 ,  p < .07 .  Pairwis e comparison s withi n condition s 
sho w th e followin g pattern :  Unde r  th e 3 '  30 "  processin g tim e condition ,  th e internist s an d th e 
healt h science s student s produc e significantl y les s proposition s tha n th e thre e intermediat e level s o f 
expertis e (p < .001) ,  nicel y illustratin g th e existenc e o f  a n intermediat e effec t  i n thes e data .  Amon g 
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Number  o f  proposition s 

/ 

•B-  3'30 " 
-• -  1'15 " 
-o -  30 " 

2nd y r  4t h y r  6t h y r  internist s 

Leve l  o f  expertis e 

Figur e 2 .  Numbe r  o f  proposition s recalle d from  th e acut e bacteria l  endocarditi s  cas e 
as a  functio n o f  expertis e an d processin g time . 

the groups that were required to process the case within 1 minute and 15 seconds, only the fourth-
and sixth-yea r  student s produc e significantl y mor e recall ,  indicatin g tha t  th e intermediat e effect , 
althoug h stil l  traceable ,  i s  vanishing .  Unde r  th e shortes t  processin g condition ,  th e tw o highes t 
level s o f  expertis e diffe r  significantl y from  th e othe r  groups ,  bu t  no t  from  eac h other . 
I n summary ,  a s predicte d b y Schmid t  &  Norma n (1988) ,  di e emergenc e o f  th e intermediat e effec t 
appear s t o b e dependen t  o n th e amoun t  o f  tim e availabl e fo r  processin g clinica l  information .  Give n 
a sufficientl y shor t  perio d o f  time ,  th e phenomeno n disappears ,  an d i s replace d b y a n increas e i n 
performanc e a s a  functio n o f  expertise .  I t  i s  interestin g t o not e tha t  difference s withi n level s o f 
exj)ertis e a s a  resul t  o f  difference s i n processin g tim e ar e highl y significan t  (al l  sho w p-value s 
smalle r  tha n .0001) ,  wit h th e exceptio n o f  th e internists ;  F  (2 ,  21) = 1.04 ,  p < .37 .  Thes e dat a 
sugges t  tha t  i n contras t  t o student s o f  al l  level s o f  expertise ,  th e performanc e o f  experience d 
physician s i s relativel y insensitiv e t o manipulation s o f  time ,  a t  leas t  withi n th e limit s o f  th e presen t 
experiment . 

Pathophysiological protocols 
The hypothesi s wa s tha t  intermediate s an d expert s us e functionall y differen t  knowledg e whil e 
representin g a  clinica l  case .  Accordin g t o Schmid t  &  Norma n (1988) ,  intermediate s consciousl y 
proces s th e informatio n applyin g a  ric h bas e o f  causa l  pathophysiologica l  knowledge ,  wherea s 
expert s almos t  automaticall y activat e compile d knowledg e directl y relevan t  t o th e case .  Thus ,  post -
hoc pathophysiologica l  explanation s provide d b y th e intemiediate s wil l  b e mor e extensiv e tha n 
thos e provide d b y th e experts .  However ,  i f  intermediate s ar e hindere d i n unfoldin g thei r 
knowledge ,  b y restrictin g tim e neede d t o activat e an d reaso n from  relevan t  pathophysiologica l 
networks ,  informatio n from  th e cas e canno t  properl y b e processed .  Unde r  th e latte r  condition ,  th e 
elaboratenes s o f  post-ho c explanatio n b y intermediate s i s expecte d t o decrease ,  wherea s 
pathophysiologica l  explanatio n provide d b y th e expert s -althoug h compile d an d therefor e les s 
extensive -  wil l  remai n constant . 
Figur e 3  contain s quantitativ e informatio n concernin g thi s issue .  Again ,  overal l  difference s ar e 
highl y reliable ,  bot h withi n level s o f  th e experimenta l  treatmen t  an d withi n eac h o f  th e level s o f 
expertise .  Exception s ar e th e 6t h yea r  students ;  F  (2 ,  2 1 ) = 2.28 ,  p < .13 ;  an d th e internists ;  F  (2 , 
2I) = .40 ,  p < .67 .  Amon g students ,  a  decreas e i n processin g tim e generall y cause s a  decreas e i n th e 
number  o f  proposition s produce d i n th e pathophysiologica l  protocols ,  suggestin g tha t  les s extensiv e 
processin g o f  pathophysiologica l  knowledg e ha s take n plac e whil e tryin g t o understan d th e case . 
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Number  o f  proposition s 
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Figur e 3 .  N u m b e r  o f  proposition s foun d i n th e pathophysiologica l  protocol s 

as a  functio n o f  expertis e an d processin g tim e 

In many ways, these data resemble those of Figiu^e 2. An intermediate effect is present, and 

processin g tim e seem s t o hav e th e sam e effec t  o n pathophysiologica l  reasonin g a s i t  ha s o n recall . 

Thes e similaritie s indee d sugges t  tha t  th e intermediat e effec t  i n fre e recal l  i s  th e resul t  o f  extensiv e 

and consciou s processin g o f  pathophysiologica l  knowledg e i n th e cours e o f  understandin g th e case . 

(Althoug h th e averag e within-grou p product-momen t  correlatio n betwee n number s o f  proposition s 

produce d i n fre e recal l  an d pathophysiolog y protocol s i s no t  impressive :  r = .34 ,  p < .001 ;  largel y 

du e t o th e presenc e o f  zer o correlation s i n tw o lowes t  expertis e levels )  Again ,  th e performanc e o f 

th e physician s appear s t o b e a  separat e issue .  Thei r  outpu t  i s smal l  an d quit e stable ,  irrespectiv e o f 

th e constraints .  Qualitativ e analysi s show s tha t  thei r  protocol s contai n highl y relevan t  hig h leve l 

explanator y concept s an d compile d causa l  reasonin g abou t  th e case .  I n addition ,  the y incorporat e i n 

thei r  explanation s t o a  large r  exten t  condition s tha t  enable d th e acut e bacteria l  endocarditi s  t o emerg e 

(Boshuizen ,  1988) . 

GENERAL DISCUSSION 
The theor y outline d rathe r  simpl y explain s a  numbe r  o f  hithert o unexplaine d empirica l  phenomena , 
notabl y th e intermediat e effec t  repeatedl y demonstrate d i n recal l  studie s (Pate l  &  Groen ,  1986a ; 
Muzzin ,  e t  al. ,  1983 )  an d th e relativ e absenc e o f  pathophysiologica l  reasonin g b y exjiert-clinician s 
i n think-alou d experiment s (Boshuizen ,  e t  al ,  1987 ;  Patel ,  e t  al.,1988) . 
The dat a presente d generall y appea r  t o suppor t  th e notio n propose d b y Schmid t  &  Norma n (1988 ) 
tha t  student s an d experience d physician s represen t  clinica l  case s i n differen t  ways ,  becaus e i n th e 
proces s o f  understandin g th e text ,  bot h group s us e functionall y differen t  knowledge .  Provide d the y 
hav e sufficien t  time ,  medica l  student s consciousl y proces s causa l  pathophysiologica l  knowledg e 
activate d b y cue s embedde d i n th e text .  Physicians ,  however ,  onl y pic k u p informatio n tha t  i s 
directl y relevan t  t o th e solutio n o f  th e problem ,  becaus e thei r  knowledg e o f  disease ,  it s  enablin g 
conditions ,  cause s an d consequences ,  ha s bee n etche d b y continuou s exposur e t o thousand s o f 
patients .  Th e resultan t  structure s ar e highl y compile d i n orde r  t o mee t  th e demand s o f  thei r 
profession . 
Of  course ,  th e dat a presente d onl y sugges t  a  cause-effec t  relationshi p betwee n th e kin d o f 
knowledg e use d an d recal l  performance .  Furthe r  researc h i s neede d t o establis h th e causa l  chai n 
betwee n th e two .  A  particularl y attractiv e optio n i n thi s respec t  seem s t o b e th e experimenta l 
manipulatio n o f  prio r  knowledg e o f  group s havin g differen t  level s o f  expertise ,  i n orde r  t o 
investigat e effect s o f  knowledg e activatio n o n th e representatio n o f  clinica l  informatio n i n memory . 
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