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T HE N A T U R E O F E X P E R T I S E I N T H E CL IN ICA L I N T E R V I E W :  I N T E R A C T I V E M E D I C A L 

P R O B L EM S O L V I N G 

David R. Kaufman and Vimla L. Patel 
Centr e fo r  Medica l  Educatio n 

McGil l  Universit y 

The doctor patient interview is an interactive, goal-directed process; diagnosis being one of the 
primar y goals .  Th e clinica l  intervie w i s perhap s th e mos t  importan t  sourc e o f  medica l  dat a tha t  a  physicia n 
has acces s to .  Althoug h diagnose s ar e mos t  ofte n mad e durin g th e history-takin g (Kassire r  &  Gorry ,  1978) , 
i t  i s on e o f  th e leas t  understoo d aspect s o f  clinica l  cognition .  I n medica l  proble m solvin g ther e hav e bee n 
comparativel y fe w studie s tha t  hav e examine d th e acquisitio n an d representatio n o f  clinica l  information . 
Elstein ,  Shulma n an d Sprafk a (1978 )  use d doctor-patien t  simulation s t o evaluat e th e performanc e o f 
physicians .  Barrows ,  e t  al. ,  (1978 )  extende d th e researc h t o evaluat e th e natur e o f  clinica l  expertis e alon g a 
developmenta l  continuum ,  fro m novic e medica l  studen t  t o exper t  physician .  Th e principa l  goa l  o f  thes e 
studie s wa s t o characteriz e th e genera l  aspect s o f  clinica l  performance .  Th e emphasi s wa s o n proces s rathe r 
tha n conten t  o r  knowledge .  Thei r  finding s di d no t  discriminat e betwee n betwee n studen t  an d exper t 
physicia n excep t  fo r  th e accurac y o f  diagnosti c hypotheses . 

Recent  investigation s i n medica l  proble m solvin g hav e shifte d fro m a n emphasi s o n globa l  aspect s 
of  clinica l  reasonin g t o a  focu s o n th e natur e an d conten t  o f  medica l  knowledg e use d t o solv e a  problem . 
Feltovic h an d colleague s investigate d knowledge-base d difference s betwee n exper t  an d novic e i n th e domai n 
of  pediatri c cardiolog y (Feltovic h e t  al. ,  1984) .  Th e result s suggeste d tha t  ther e ar e systemati c difference s i n 
th e structur e o f  clinicians '  knowledge-base ,  correspondin g t o certai n level s o f  expertis e tha t  direc t  the m 
toward s particula r  inference s i n generatin g diagnosti c hypotheses .  Pate l  an d Groe n (1986 )  demonstrate d tha t 
exper t  physician s w h o accuratel y diagnose d a  clinica l  case ,  develope d explanation s o f  th e diseas e proces s 
tha t  coul d b e accounte d fo r  i n term s o f  a  forward-chainin g strategy ,  movin g fro m proposition s i n th e 
stimulu s tex t  t o condition s tha t  suggeste d a  componen t  o f  th e diagnosis .  Exper t  physician s w h o 
misdiagnose d th e cas e use d a  backward-chainin g strategy ,  characterize d b y th e postin g o f  a  potentia l  caus e 
and th e subsequen t  generatio n o f  confirmator y evidence . 

Thes e studie s provid e convergin g evidenc e tha t  i t  i s  primaril y th e difference s i n a  clinician' s 
knowledg e bas e tha t  allow s the m t o effectivel y represen t  a  proble m an d generat e a n appropriat e solution . 
Thi s woul d sugges t  tha t  an y characterizatio n o f  expertis e i n th e contex t  o f  th e clinica l  intervie w canno t  b e 
made independen t  o f  th e knowledg e necessar y t o solv e th e problem .  Th e researc h presente d her e represent s 
an attemp t  t o investigat e th e clinica l  intervie w a s a  problem-solvin g situation .  I n particular ,  thi s stud y 
investigate s expert-novic e difference s i n th e acquisition ,  representatio n an d utilizatio n o f  patien t  informatio n 
i n th e cours e o f  th e clinica l  interview . 

THEORETICAL FRAMEWORK 

It was determined that to effectively investigate this area we needed a coherent epistemological 
framework — identifyin g appropriat e unit s o f  knowledg e tha t  correspon d t o medica l  proble m solvin g an d a 
characterizatio n o f  th e tas k environmen t  an d cognitiv e demand s o f  th e clinica l  intervie w Th e overal l 
framewor k i s describe d i n greate r  detai l  i n Kaufma n (1987 )  an d Patel ,  Evans ,  an d Kaufma n (i n press) . 

The epistemologica l  framewor k i s adopte d fro m a  mode l  propose d b y Evans ,  Gad d an d Popl e (i n 
press )  wh o distinguis h si x level s a t  whic h clinica l  knowledg e stratifies .  Fou r  o f  thes e level s ar e o f  interes t 
t o thi s research .  Observation s ar e unit s o f  informatio n tha t  ar e recognize d a s potentiall y  relevan t  i n th e 
problem-solvin g context .  The y d o no t  constitut e clinicall y usefu l  fact s an d man y observation s wil l  b e 
disregarde d whe n formulatin g diagnosti c hypotheses .  Finding s ar e comprise d o f  observation s tha t  ar e 
anchore d i n th e diagnosti c contex t  an d hav e potentia l  clinica l  significance .  Facet s ar e cluster s o f  finding s 
tha t  ar e suggestiv e o f  prediagnosti c interpretations .  Facet s reflec t  genera l  pathologica l  description s suc h a s 
aorti c insufficienc y o r  categorica l  description s suc h a s endocrin e problem .  Diagnosi s i s th e leve l  o f 
classificatio n tha t  subsume s an d explain s al l  level s beneat h it .  Th e diagnosti c labe l  serve s t o summariz e 
and organiz e th e patien t  finding s int o a  coheren t  an d functiona l  uni t  tha t  facilitate s therapeuti c an d 
management  decisions . 

Facet s an d diagnose s defin e th e contex t  an d provid e a  framewor k i n whic h observation s an d 
finding s ca n b e interpreted .  Thi s result s i n th e instantiatio n o f  defaul t  expectation s tha t  guid e th e 
physician' s subsequen t  questions .  Observation s for m th e minima l  uni t  o f  th e proble m space .  Observation s 
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conve y th e prepositiona l  informatio n tha t  i s  subjecte d t o inferentia l  operation s an d result s i n th e 
constructio n o f  highe r  orde r  conceptua l  structures . 

Medica l  proble m solvin g ha s bee n describe d a s a n ill-structure d tas k (Johnson ,  1983) .  Ill -
structure d problem s ar e one s i n whic h th e initia l  states ,  th e goa l  stat e an d th e necessar y constraints ,  ar e 
unknow n a t  th e beginnin g o f  th e problem-solvin g process .  I n solvin g a  patient' s problem ,  th e initia l  state , 
th e goa l  state ,  an d th e element s o f  th e proble m spac e ar e undefine d prio r  t o th e interview .  Th e interi m 
subgoa l  i s  t o formulat e a  representatio n o f  th e patient' s presentin g complaint .  Thi s a s wel l  a s patien t 
variable s becom e th e initia l  knowledg e state .  Th e clinician' s representatio n o f  thi s initia l  stat e wil l  i n par t 
determin e subsequen t  inquiry .  Th e permissibl e operator s ar e essentiall y  th e rang e o f  question s aske d b y th e 
clinicia n t o elici t  specifi c  information .  Th e applicatio n o f  thes e operator s ca n b e guide d toward s specifi c 
inquiry ,  suc h a s evaluatin g a  hypothese s o r  oriente d toward s genera l  information  gathering ,  suc h a s 
assessin g th e patient' s pas t  medica l  history . 

Data-gatherin g strategie s ca n b e guide d b y a  goa l  t o elaborat e th e genera l  parameter s o f  a  problem -
space ;  tha t  is ,  t o deriv e findings  an d meaningfu l  relation s a m o n g finding s i n th e patient' s history .  Thi s 
proces s i s  principall y bottom-up ,  generatin g facet s an d differentia l  diagnose s fro m th e element s i n a 
proble m space .  Thi s i s referre d t o a s reasonin g diagnosticall y  (Patel ,  Evan s &  Chawla ,  1987) .  Onc e th e 
proble m representatio n i s sufficientl y wel l  elaborated ,  certai n expectation s ar e buil t  up .  Th e inquir y i s 
directe d toward s elicitin g specifi c  finding s tha t  correspon d t o th e interi m interpretation s (face t  hypotheses ) 
an d diagnosti c hypothese s tha t  th e physicia n ha s generated .  Thi s top-dow n proces s i s  referre d t o a s 
reasonin g predictively .  I t  i s  expecte d tha t  experience d physician s hav e a  greate r  capacit y t o reaso n i n th e 
predictiv e m o d e ,  becaus e the y ar e mor e abl e t o recogniz e pattern s o f  element s i n a  proble m tha t  ar e 
associate d wit h certai n diagnoses . 

EXPERIMENTAL METHODS 

Fifteen volunteer subjects were selected: 5 endocrinologists (experts), 5 physicians in their third 
yea r  o f  residenc y program s (intermediates) ,  an d 5  final  yea r  medica l  student s (novices )  w h o ha d complete d 
thei r  clinica l  training .  Eac h subjec t  wa s give n 1 5 minute s t o tak e th e patient' s history .  Th e patien t  wa s a 
pai d voluntee r  outpatien t  Eac h sessio n wa s videotape d an d th e dialogu e wa s subsequentl y transcribed .  Th e 
patien t  wa s a  2 2 yea r  ol d orienta l  mal e w h o presente d wit h tw o episode s o f  sever e muscl e weaknes s an d 
othe r  manifestations .  Thi s proble m ha d bee n diagnose d a s hypokalemi c periodi c paralysi s associate d wit h 
thyrotoxicosis ,  a n u n c o m m o n disorde r  o f  th e thyroi d gland ,  involvin g episode s o f  paralysi s associate d wit h 
a marke d fal l  i n seru m potassium .  Thi s proble m ca n b e decompose d int o tw o components , 
hyperthyroidis m an d hypokalemia . 

Diagnosti c accurac y w a s evaluate d accordin g t o whethe r  th e tw o diagnosti c components , 
hyperthyroidis m an d hypokalemi c periodi c paralysi s wer e presen t  i n th e subjects '  differentia l  diagnoses .  Th e 
transcribe d dialogu e wa s segmente d int o unit s o f  doctor-patien t  exchanges ,  whic h ar e physician -
question/patient-respons e pairings .  Th e metho d use d t o characteriz e th e doctor-patien t  dialogu e incorporate d 
a pragmati c analysi s o f  th e discours e (describe d i n Patel ,  Evan s &  Kaufman ,  i n press) ,  whos e primar y 
functio n i s t o characteriz e th e informatio n i n focu s durin g th e cours e o f  th e interview .  Thi s analysi s i s 
designe d t o evaluat e h o w a  clinicia n manipulate s th e contex t  o f  th e interview ,  t o elici t  observations , 
conclud e findings,  an d deriv e meanin g fro m highe r  orde r  relation s i n th e data .  I t  als o permit s u s t o evaluat e 
data-gatherin g strategies ,  a s evidence d b y sequence s o f  question s elicite d an d finding s conclude d durin g th e 
cours e o f  th e interview . 

Observation s an d findings  ar e th e mai n unit s o f  dat a use d i n thi s stud y t o characteriz e th e 
representatio n tha t  th e clinicia n i s constructing .  Observation s i n thi s analysi s ar e unit s o f  informatio n 
expresse d b y th e patien t  o r  elicite d b y th e physicia n i n th e cours e o f  th e interview .  Th e criterio n fo r  codin g 
an observatio n i s tha t  i t  contribute s uniqu e informatio n t o th e intervie w an d i s accepte d b y th e physician . 

Finding s reflec t  a  decisio n mad e b y a  physicia n concludin g tha t  a  particula r  arra y o f  observationa l 
dat a contain s a  significan t  cu e o r  cue s tha t  nee d t o b e accounte d fo r  i n th e diagnosti c context .  Finding s ar e 
multi-facete d concept s tha t  hav e certai n well-formednes s conditions .  Certai n prepositiona l  parameter s suc h 
as location ,  duration ,  an d sensatio n quality ,  nee d t o b e satisfie d t o conclud e a  specifi c  finding.  Finding s ar e 
specifi c  t o particula r  individual s wit h uniqu e presentin g problems .  However ,  i t  i s  possibl e t o specif y a 
relativel y comprehensiv e se t  o f  generi c findings .  Toward s thi s end ,  w e appea l  t o a  highl y develope d sourc e 
of  medica l  knowledge .  Intemist- I  i s  a n exper t  syste m fo r  computer-assiste d diagnosi s i n interna l  medicin e 
(Miller ,  e t  al. ,  1984) .  I t  ha s a n extensiv e knowledge-bas e incorporatin g ove r  55 0 diagnosti c classification s 
an d mor e tha n 400 0 findings .  Finding s ar e determine d t o b e conclude d i f  the y correspon d i n for m t o 
internis t  findings .  Thi s metho d i s explicate d i n Patel ,  Evans ,  an d Kaufma n (i n press) . 

462 



K A U F M AN &  PATE L 

Finding s ca n b e eithe r  negativ e o r  positive .  A  positiv e finding  i s a  determinatio n b y th e subjec t 
tha t  a  findin g i s characteristi c o f  th e patient' s condition .  A  negativ e findin g i s a  resul t  o f  a  conclusio n tha t 
a particula r  findin g i s no t  indicativ e o f  th e patient' s problem .  Negativ e finding s ar e particularl y usefu l  i n 
discriminatin g betwee n competin g diagnosti c hypotheses .  However ,  i t  i s  reasonabl e t o speculat e tha t  th e 
mor e th e subject s elici t  negativ e findings ,  th e mor e likel y th e subjec t  ha s no t  bee n abl e t o develo p a n 
adequat e representatio n o f  th e problem . 

A referenc e mode l  wa s created ,  wit h th e assistanc e o f  a n exper t  endocrinologist ,  t o identif y an d 
classif y finding s wit h respec t  t o thei r  importanc e i n thi s particula r  case .  Th e mode l  identifie d th e relevan t 
findings  i n thi s case .  Relevan t  finding s ar e suggestiv e o f  thi s diagnosi s an d ar e contributor y t o th e 
identificatio n o f  th e problem .  I n total ,  ther e wer e 1 6 fmding s designate d a s relevant . 

Th e variable s use d i n thi s stud y includ e th e accurac y o f  diagnosis ,  th e numbe r  o f  question/answe r 
exchanges ,  th e numbe r  o f  observation s elicited ,  th e numbe r  o f  tota l  fmding s acquired ,  th e numbe r  o f 
positiv e an d negativ e fmding s elicite d an d th e percentag e o f  relevan t  findings  elicite d durin g th e interview . 
I n addition ,  t o thes e variable s w e ca n deriv e thre e measure s o f  efficiency :  a )  th e numbe r  o f  observation s pe r 
question/answe r  exchang e expresse d a s a  percentage .  Thi s i s designe d l o asses s th e efficac y o f  a  subjects ' 
abilit y  t o elici t  potentiall y  relevan t  information ;  b )  th e numbe r  o f  finding s pe r  question/answe r  exchang e 
expresse d a s a  percentage .  Thi s i s a  mor e specifi c  inde x o f  a  clinicians '  abilit y  t o recogniz e significan t 
informatio n i n th e patient s statement s an d t o focu s probe s directl y o n th e proble m tha t  lea d t o th e 
generatio n o f  specifi c  findings;  c )  th e numbe r  o f  positiv e finding s ove r  question/answe r  exchange s a s a 
percentage .  Thi s measur e assesse s th e abilit y  o f  a  subjec t  t o develo p a  proble m representation ,  anticipat e 
candidat e finding s an d reaso n predictively . 

Thre e explorator y multivariat e an d tw o univariat e analyse s o f  varianc e wer e performed .  Th e leve l 
of  expertis e wa s th e independen t  variabl e fo r  eac h analysis .  Th e firs t  multivariat e analysi s include d 
question/answe r  exchanges ,  tota l  numbe r  o f  observation s an d tota l  numbe r  o f  finding s a s th e dependen t 
variables .  I n th e secon d multivariat e analysis ,  positiv e an d negativ e findings  wer e th e dependen t  variables . 
I n th e thir d multivariat e analysis ,  th e first  tw o efficienc y measures ,  observation s divide d b y exchange s an d 
findings  divide d b y exchange s wer e th e dependen t  variables .  Th e firs t  univariat e analysi s use d relevan t 
findings  a s th e dependen t  measur e an d th e secon d univariat e analyse s use d th e thir d efficienc y measure , 
positiv e findings  ove r  question/answe r  exchange s a s th e dependen t  measure . 

RESULTS AND DISCUSSION 

DIAGNOSTIC ACCURACY: Four out of five expert physicians accurately identified both 
component s o f  th e diagnosis .  Th e othe r  exper t  identifie d onl y th e thyroi d problem .  O n e o f  th e resident s 
accuratel y identife d th e problem ,  whil e tw o other s identifie d th e mor e genera l  aspect ,  hyperthyroidism .  O n e 
residen t  recognize d th e fac t  tha t  th e patien t  wa s sufferin g fro m periodi c paralysis ,  bu t  faile d t o identif y 
hypokalemi a a s th e causa l  agent .  O n e subjec t  di d no t  recogniz e eithe r  component .  N o novic e wa s abl e t o 
completel y diagnos e th e problem .  However ,  thre e o f  th e novic e medica l  student s recognize d th e thyroi d 
aspect . 
I N F O R M A T I ON A C Q U S I T I O N :  A  summar y o f  th e result s pertainin g t o question/answe r  exchanges , 
finding s an d observation s ar e presente d i n Tabl e 1 .  Th e first  multivariat e analysi s wit h question/answe r 
exchanges ,  observations ,  an d finding s a s dependen t  variable s yielde d a  significan t  grou p (leve l  o f  expertise ) 
effec t  (F[2,12 ]  =  4.64 ,  p  <  .05) .  Ther e wa s als o a  significan t  grou p b y measur e interactio n effec t  (F[4,20 ] 
= 3.43 ,  p  <.05) .  Th e endocrinologist s ha d o n averag e th e shortes t  interview s a s judge d b y th e numbe r  o f 
question/answe r  exchanges ,  followe d b y th e resident s wit h th e medica l  student s o n averag e conductin g th e 
longes t  interviews .  A s th e interactio n effec t  woul d suggest ,  th e patter n change s somewha t  fo r  th e finding s 
and observations .  Th e resident s elicite d th e greates t  numbe r  o f  findings,  followe d b y th e medica l  student s 
and th e endocrinologists .  I n eac h o f  thes e 3  measure s th e endocrinologist s generate d significantl y lowe r 
frequencie s tha n eithe r  o f  th e othe r  2  groups . 

Th e secon d multivariat e analysis ,  whic h compare d th e positiv e an d negativ e finding s generated , 
yielde d n o significan t  differences .  I t  i s  assume d tha t  positiv e finding s hav e a  bearin g o n evaluatin g o r 
confirmin g workin g hypotheses ,  whil e negativ e finding s ar e usefu l  i n discriminatin g betwee n alternativ e 
hypotheses .  I n examinin g th e grou p means ,  i t  become s apparen t  tha t  a  patter n i s emerging .  A s mentione d 
previously ,  th e expert s elicite d fewe r  observation s an d generate d fewe r  findings  tha n th e othe r  groups ,  whic h 
on th e surfac e woul d see m puzzling .  However ,  th e expert s generate d a  comparabl e numbe r  o f  positiv e 
findings  (14.4 )  t o th e resident s (14.6) ,  whic h wa s o n averag e mor e tha n th e student s generate d (13) .  Thi s 
woul d sugges t  tha t  th e expert s ar e mor e focuse d i n tha t  the y nee d fewe r  question s t o generat e significan t 
informatio n an d t o conclud e findings.  Generally ,  th e residen t  grou p generate d almos t  a s m a n y negativ e 
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finding s a s positiv e findings.  Th e comparabl y larg e numbe r  o f  negativ e findings  ar e suggestiv e o f  th e fac t 
tha t  thi s grou p ha d difficult y accountin g fo r  th e myria d o f  problem s th e patien t  wa s presentin g wit h an d 
coul d no t  develo p a  coheren t  proble m representation .  Th e generatio n o f  numerou s negativ e findings  woul d 
als o indicat e tha t  thes e subject s wer e considerin g multipl e hypothese s an d wer e attemptin g t o rule-ou t  a s 
many a s possible .  Th e medica l  students ,  o n average ,  elicite d somewha t  fewe r  negativ e findings  tha n di d th e 
residents .  Thi s ma y sugges t  tha t  thos e subject s wh o wer e abl e t o identif y th e thyroi d aspec t  wer e conten t 
tha t  the y ha d correctl y diagnose d th e problem .  Th e resident s recognize d tha t  ther e wer e man y discrepan t 
findings  tha t  coul d no t  b e accounte d fo r  b y hyperthyroidis m an d pursue d alternativ e explanations .  Th e 
expert s develo p a  coheren t  representatio n o f  th e distinctiv e patter n o f  findings  an d elici t  fewe r  negativ e 
finding s becaus e the y d o no t  perceiv e a s grea t  a  nee d t o rul e ou t  competin g diagnoses . 

TABLE 1: Categories of information acquisition by level of expertise. 

1 C A T E G O RY M E AN S.D . 
Question/Answe r  77. 4 
Exchange s 

Tota l 
Observation s 

Tota l 
Finding s 

Positiv e 
Finding s 

Negativ e 
Finding s 

Percentag e o f 
Relevan t  Findin g 

41. 6 

20. 8 

14. 4 

6. 4 

72 
5 

31. 9 

19. 2 

2. 9 

2. 5 

3. 6 

13 

M E AN S.D . 
119. 4 19. 1 

61 7. 3 

27. 4 4. 5 

14. 6 3. 1 

12. 8 5. 6 

60 19. 5 

— f r n v i T E S -
M E AN S.D . 
12S. « 20. 1 

56. 8 9. 9 

23 4. 8 

13 3. 8 

10 4. 9 

45 8. 2 

The efficienc y measure s ar e supportiv e o f  th e findings  suggestin g a  developmenta l  continuu m i n 
th e selectivit y o f  information .  Th e multivariat e analysi s wit h th e firs t  tw o efficienc y measures , 
observation s divide d b y exchange s an d finding s divide d b y exchanges ,  a s dependen t  variables ,  resulte d i n 
significan t  grou p difference s (F[2,12 ]  =  8.69 ,  p  <  .01) .  Th e exper t  endocrinologist s ha d o n averag e th e 
highes t  efficienc y score s o n bot h measure s followe d b y th e resident s an d students .  Th e difference s ar e mos t 
salien t  o n th e secon d measure ,  th e percentag e o f  finding s generate d pe r  question/answe r  exchange .  Thi s 
indicate s tha t  th e expert s ar e mor e efficien t  i n identifyin g cue s i n th e patien t  dat a an d as k th e appropriat e 
question s whic h lea d t o th e generatio n o f  findings.  Th e medica l  student s ar e th e leas t  efficien t  i n focusin g 
probe s o n aspect s o f  th e proble m tha t  lea d t o th e generatio n o f  findings .  Sinc e the y d o no t  hav e muc h 
clinica l  experience ,  the y m a y no t  b e a s capabl e o f  recognizin g th e specifi c  context s wher e findings  ar e 
manifested .  Th e univariat e analysi s o f  varianc e o n th e thir d measur e o f  posifiv e finding s pe r 
question/answe r  exchang e als o resulte d i n highl y significan t  grou p difference s (F[2,12 ]  =  7.28 ,  p  <  .01) . 
The exper t  grou p ha d a  significantl y highe r  grou p mea n (18.6 )  o n thi s measur e tha n eithe r  th e resident s 
(12.2 )  o r  th e student s (10.6) .  Thi s woul d sugges t  tha t  th e exper t  grou p ten d t o recogniz e aspect s o f  th e 
proble m earl y o n an d attemp t  t o pursu e hypothese s tha t  sugges t  candidat e finding s tha t  lea d t o a  componen t 
of  th e diagnosti c solution .  Whil e th e othe r  tw o group s hav e greate r  difficult y i n isolatin g th e proble m an d 
ar e les s capabl e o f  anticipatin g potentia l  findings. 

The difference s tha t  hav e emerge d thu s fa r  ar e suggestiv e o f  difference s relate d t o th e selectiv e 
acquisitio n an d processin g o f  information .  Th e result s pertainin g t o th e percentag e o f  relevan t  finding s 
generate d ar e i n th e expecte d direction .  Th e univariat e analysi s comparin g th e relevan t  findings  elicite d 
yielde d a  significan t  grou p effec t  (F[2,12 ]  =  4.46 ,  p  <  .05) .  Th e endocrinologist s generate d 7 2 % o f  th e 
availabl e relevan t  findings,  followe d b y th e resident s wit h 6 0 % an d th e medica l  student s w h o wer e onl y abl e 
t o elici t  4 5 % o f  th e relevan t  findings. 

To accuratel y diagnos e th e case ,  i t  i s  essentia l  t o elucidat e th e mos t  significan t  finding s i n th e 
case .  Perhap s th e mos t  tellin g inde x o f  th e selectiv e acquisitio n i s th e percentag e o f  relevan t  findings  ove r 
th e tota l  numbe r  o f  findings  generated .  Thi s reflect s a n abilit y t o isolat e an d elaborat e upo n th e mos t 
fundamental  aspect s o f  th e clinica l  problem .  I t  i s  thi s statisti c tha t  reveal s th e mos t  strikin g difference s 
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betwee n groups .  Fift y percen t  o f  al l  finding s elicite d b y th e exper t  physician s resulte d i n th e generatio n o f 
a relevan t  finding.  Thi s wa s considerabl y mor e tha n th e othe r  tw o groups ,  wit h th e resident s yieldin g 3 3 % 
and th e medica l  studen u yieldin g 3 1 % o f  th e tota l  finding s the y generate d a s relevant .  Thi s indicate s tha t 
th e endocrinologist s ar e abl e t o recogniz e pattern s i n th e dat a an d focu s o n th e pertinen t  informatio n leadin g 
t o component s o f  th e diagnosis .  Th e resident s generall y ca n identif y muc h o f  th e relevan t  information . 
However ,  the y d o no t  posses s th e sam e domai n specifi c  knowledg e an d ar e consequentl y les s selectiv e i n th e 
informatio n the y elicit .  Th e student s d o no t  hav e th e knowledg e no r  th e clinica l  experienc e t o generat e th e 
relevan t  informatio n tha t  ha s t o b e accounte d for . 
P R O B L EM R E P R E S E N T A T I ON S T R A T E G I E S :  Thu s far .  i t  i s a t  th e leve l  o f  finding s tha t  th e 
most  salien t  difference s hav e emerged .  Thi s sectio n attempt s t o elucidat e th e broade r  spectru m o f  contex t 
and describ e th e natur e an d sequenc e o f  informatio n i n focus .  Thi s accountin g provide s a  framewor k t o 
discus s difference s i n th e hierarchica l  structurin g o f  informatio n an d th e us e o f  strategie s i n th e constructio n 
and modificatio n o f  a  patien t  proble m representation .  Thi s analysi s i s  primaril y descriptiv e wit h 
illustration s fro m individua l  protocol s provide d t o highligh t  certai n points .  I n th e contex t  o f  th e clinica l 
interview ,  th e proble m spac e i s no t  define d a  priori ,  i t  i s  constructe d i n th e cours e o f  th e evolvin g 
interaction .  W e ca n assum e tha t  ther e ar e multipl e pathway s t o th e goa l  stat e o f  diagnosis ,  whic h var y 
greatl y i n thei r  efficienc y an d efficacy .  I t  i s  propose d tha t  throug h examinin g th e sequenc e an d natur e o f 
informatio n i n focus ,  w e ca n characteriz e th e strategi c constructio n o f  a  proble m representation . 

Predictiv e reasonin g involve s th e generatio n o f  a n initia l  proble m formulatio n an d th e subsequen t 
pursui t  o f  specifi c  candidat e findings,  drive n b y a  hypothese s o r  smal l  subse t  o f  relate d hypotheses .  I t  i s 
analogou s t o a  forward-chai n o f  reasoning .  I t  i s a  ver y powerfu l  strateg y wit h a n associate d degre e o f  risk . 
I t  ha s th e effec t  o f  controllin g uncertainty ,  b y delimitin g th e numbe r  o f  variable s tha t  mus t  b e accounte d 
fo r  i n th e proble m resolutio n proces s (Patel ,  Evan s &  Cha w la ,  1987) .  I t  i s a n efficien t  strateg y tha t 
minimize s cognitiv e loa d an d maximize s th e allocatio n o f  resource s toward s th e assessmen t  o f  a  particula r 
hypothese s o r  a  smal l  subse t  o f  relate d hypotheses .  Th e associate d ris k i s tha t  th e scop e o f  probin g fo r 
informatio n wil l  b e to o narro w an d essentia l  element s ma y b e overlooked . 

An excerp t  fro m th e intervie w o f  exper t  2  i s presente d i n Tabl e 2 .  A t  thi s poin t  i n th e intervie w 
thi s subjec t  ha d documente d th e patient' s presentin g complaint .  I n question/answe r  exchang e 20 ,  sh e 
focuse s o n on e o f  th e cardina l  sign s o f  hyperthyroidism ,  hea t  intolerance .  Sh e provide s a n exemplar , 
describin g a  circumstanc e i n whic h th e patien t  ma y b e mos t  cognizan t  o f  thi s problem .  Th e patien t  a t  thi s 
poin t  reject s tha t  characterization .  Sh e continue s t o pursu e thi s lin e o f  reasoning ,  elicitin g severa l  o f  th e 
critica l  finding s characteristi c o f  hyperthyroidism .  Afte r  establishin g tha t  th e patien t  ha d bee n eatin g mor e 
(exchang e 24) ,  sh e attempt s t o lin k th e thyroi d componen t  wit h th e episode s o f  muscl e paralysis .  I n 
exchange s 2 5 an d 26 ,  sh e focuse s o n th e particula r  food s tha t  th e patien t  ha d bee n indulgin g in . 
Carbohydrate s predispos e patient s t o attack s o f  hypokalemi c paralysis .  Afte r  th e patien t  agree s wit h thi s 
description ,  th e physicia n subsequentl y attempt s t o determin e whethe r  th e patien t  recall s eatin g a 
carbohydrat e mea l  prio r  t o th e secon d muscl e attack .  Thi s protoco l  document s th e efficac y o f  predictiv e 
reasonin g i n generatin g findings  fro m facet-leve l  hypothese s an d i n integratin g facet s i n th e formulatio n o f 
diagnosti c hypotheses . 

TABLE 2: DOCTOR-PATIENT DIALOGUE EXPERT 2 

20. D. No. Had you noticed that you were minding the heat any more than other people you live with, or 
othe r  peopl e i n th e room ? 
P.  U m m,  n o 
2L D .  No .  Di d yo u notic e an y tremo r  o f  you r  hands ? 
P.  Well ,  yeah . 
22.  D .  Ho w lon g before ? 
P.  Fou r  months . 
23.  D .  Fou r  months .  Di d yo u notic e an y weigh t  loss ? 
P.  Aroun d te n pounds . 
24.  D .  Te n pounds .  Wer e yo u eatin g more ? 
P.  Yes . 
25.  D .  Yes .  Wha t  kind s o f  thing s wer e yo u eating ? 
P.  Uhh ,  meat ;  beef ,  well ,  fish,  sometime s ribs . 
27.  D .  Well ,  swee t  things ,  o r  macaroni ,  noodles ,  kin d o f  carbohydrat e things ? 
P.  Well ,  yeah . 
30.  D .  D o yo u recal l  i f  yo u wer e eatin g anythin g unusua l  jus t  befor e thi s attac k happened ? 
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P.  Umm,  No . 

An excerpt from a residents (R3) is presented in Tabic 3. In this situation, the interview had just 
begu n an d th e subjec t  wa s attemptin g t o characteriz e th e patient' s presentin g complaint .  I n th e excerp t  th e 
topi c i n focu s i s le g muscl e weakness .  Th e residen t  i s  attemptin g t o characteriz e th e proble m i n term s o f  a 
circumstanc e tha t  h e coul d recogniz e a s bein g exemplar y o f  a  medica l  contex t  h e coul d explain .  Despit e th e 
fac t  tha t  th e intervie w ha d jus t  started ,  th e subjec t  make s n o attemp t  t o elaborat e o n th e patient' s complaint . 
He present s th e patien t  wit h a  serie s o f  probe s i n th e for m o f  binar y respons e choice s (e.g .  ye s o r  no) ,  usin g 
exemplar s depictin g circumstance s i n whic h th e weaknes s m a y manifes t  itself . 

I n th e cours e o f  thi s exchange ,  h e fail s t o pic k u p o n certai n critica l  piece s o f  information .  I n 
question/answe r  exchang e 6 ,  fo r  instance ,  th e subjec t  focuse s o n th e periodi c patter n o f  th e weakness .  Th e 
patien t  respond s tha t  i t  ha s onl y happene d twice ,  a  critica l  piec e o f  informatio n fo r  determinin g tha t  thi s i s 
periodi c a s oppose d t o generalize d weakness .  Th e clinicia n continue s t o attemp t  t o characteriz e th e natur e 
of  th e weakness ,  unde r  th e assumptio n tha t  thi s i s a  proble m o f  chroni c muscl e weakness .  H e provide s th e 
patien t  wit h potentia l  situation s i n whic h th e weaknes s m a y manifes t  itself ,  demonstratin g tha t  h e ha s a 
causa l  mode l  o f  differen t  le g muscl e problem s an d i s attemptin g t o instantiat e th e corresp)ondin g findings. 
I n th e cours e o f  pursuin g thes e hypotheses ,  h e ha s overlooke d thre e essentia l  findings,  includin g th e 
aforementione d finding .  I n exchang e 9 ,  th e patien t  inform s th e physicia n tha t  i t  jus t  happene d suddenly . 
Fro m hi s subsequen t  probes ,  i t  appear s tha t  h e doe s no t  conclud e weaknes s o f  sudde n onset ,  bu t  rathe r  infer s 
tha t  th e weaknes s i s generalized ,  bu t  intermitten t  i n severity .  Th e follow-u p questions ,  onl y a  sampl e o f 
whic h ar e include d here ,  focu s o n potentia l  palliativ e an d exacerbatin g factor s tha t  impac t  o n th e weakness . 

I n thi s stretc h o f  discourse ,  i t  i s  apparen t  tha t  h e ha s misrepresente d th e patient' s complain t  Th e 
initia l  formulatio n o f  a  proble m representatio n constrain s th e searc h spac e an d determine s th e probe s tha t 
follo w it .  Thi s wa s clearl y th e cas e i n thi s protocol .  Thi s subjec t  wa s unabl e t o characteriz e an y aspec t  o f 
th e patien t  problem ,  primaril y fo r  th e reaso n tha t  h e wa s workin g unde r  th e assumptio n tha t  thi s wa s a 
proble m o f  chroni c muscl e weakness ,  an d neve r  triggere d th e appropriat e face t  o f  acut e periodi c weakness . 
As a  result ,  th e subjec t  introduce d greate r  uncertaint y int o th e proble m space ,  b y generatin g multipl e 
competin g facet-leve l  hypotheses ,  non e o f  whic h adequatel y characterize d th e patient' s condition .  Thi s i s 
apparen t  throughou t  th e protoco l  an d eve n i n th e diagnose s liste d i n hi s differential . 

TABLE 3: DOCTOR-PATIENT DIALOGUE RESIDENT 3 

3. D. What's the problem? 
P.  I  hav e muscl e problems . 
4.  D .  Yo u hav e muscl e problems ? I n you r  legs ? What  d o yo u have ,  muscl e weakness ,  or ? 
P.  Weakness ,  n o pain . 
5.  D .  N o pai n a t  all .  Ho w lon g hav e yo u ha d th e weakness ? 
P.  Thre e months . 
6.  D .  Thre e months .  I s i t  ther e al l  th e time ,  o r  doe s i t  com e an d go ? 
P.  It' s  comin g an d going .  It s happene d twice . 
7.  D .  Ok .  D o yo u find  let' s ..say...D o yo u hav e th e weaknes s whe n yo u wak e u p i n th e morning ? 
P.  No . 
8.  D .  D o yo u hav e t o d o a  certai n amoun t  o f  exercis e befor e yo u ge t  weak ? 
P.  Ah ,  no . 
9.  D .  So ,  let' s  say...let' s  sa y yo u coul d wal k dow n th e stree t  an d a s soo n a s yo u starte d walkin g yo u coul d 
notic e tha t  ther e i s a  weakness .  Wou l d yo u sa y tha t  yo u wal k a  distanc e first  an d the n yo u ge t  weak ? 
P.  Ahh.. .  no t  really ,  i t  jus t  suddenl y fel t  weak . 
10 .  D .  A n d d o yo u hav e period s let' s  sa y wher e yo u fee l  wea k an d the n yo u fee l  norma l  agai n an d the n 
yo u ar e weak ? Lik e that ? 
P.  Yeah . 
12.  D .  Ok .  I s ther e anythin g yo u k n o w tha t  make s i t  better ? Y o u fee l  les s wea k ...or . 
P.  No . 

The primary differences between the experts and the residents protocols are reflected in the ability 
t o formulat e a n initia l  representatio n o f  th e patien t  problem .  Th e exper t  effectivel y characterize s th e 
patient' s presentin g complain t  an d subsequentl y pursue s a  high-yiel d knowledge-base d strateg y t o confir m a 
diagnosti c hypothesis .  Th e residen t  fail s t o elaborat e th e patient' s presentin g complain t  an d a s a 
consequence ,  pursue s genera l  data-gatherin g su-ategie s tha t  continuousl y wide n th e scop e o f  diagnosti c 

466 



K A U F M AN &  PATE L 

candidate s withou t  an y forwar d movemen t  toward s th e solutio n state .  Th e difference s ca n b e attribute d t o 
domain-specifi c  knowledg e an d domain-specifi c  experienc e wit h patient' s presentin g wit h simila r  histories . 

As expected ,  ther e wer e difference s i n term s o f  th e accurac y o f  diagnosis ,  wit h th e expert s 
generatin g th e mos t  accurat e diagnoses ,  followe d b y th e resident s an d medica l  students ,  respectively .  Th e 
most  globa l  measure s o f  subjects '  performanc e suc h a s th e tota l  numbe r  o f  observation s an d finding s 
generate d ar e neithe r  adequat e indice s o f  expertis e no r  meaningfu l  indicator s o f  successfu l  performance . 
Novice s an d resident s tende d t o elici t  mor e tota l  observation s an d finding s tha n th e expert s did .  I t  appear s 
tha t  th e subexper t  group s neede d t o elici t  mor e observation s t o generat e findings  an d mor e findings  t o deriv e 
facets .  However ,  i t  i s  th e natur e o f  th e finding s an d no t  th e numbe r  o f  findings  tha t  i s associate d wit h 
successfu l  performance .  Finding s nee d t o b e coordinate d an d organize d unde r  th e relevan t  facets ,  whic h i n 
tur n ar e extrapolate d t o th e appropriat e diagnosti c context .  Ther e wer e severa l  instance s wher e element s o f  a 
significan t  finding  wer e elicite d bu t  becaus e o f  inappropriat e backgroun d assumption s wer e misconstrued . 

The stud y demonstrate d tha t  expert s hav e a  greate r  capacit y t o elici t  th e appropriat e informatio n i n 
contex t  an d elaborat e th e constraint s o f  a  problem-representation .  Give n a  comple x problem ,  intermediat e 
subject s experienc e difficult y i n integratin g informatio n fro m multipl e sources .  The y ten d t o pursu e 
hypothesis-drive n strategie s tha t  lea d the m dow n multipl e searc h paths .  Novic e medica l  student s experienc e 
greate r  difficult y a t  th e loca l  level-derivin g findings  fro m th e patient' s observations . 

I n general ,  th e result s o f  thi s stud y sugges t  tha t  th e selectiv e acquisitio n an d efficien t  utilizatio n o f 
informatio n ar e hallmark s o f  expertise .  Thi s findin g i s consonan t  wit h result s o f  othe r  problem-solvin g 
studie s i n medicin e an d i n othe r  domain s tha t  indicat e tha t  th e rapid ,  systemati c applicatio n o f  knowledg e t o 
problem s an d th e us e o f  effectiv e knowledge-base d strategie s leadin g t o accurat e solution s distinguis h 
performanc e a t  differen t  level s o f  expertis e an d individual s varyin g i n thei r  competency . 
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