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Abst rac t 

It is well established that there are declines in basic 
cognitiv e function s associate d wit h aging .  However ,  fo r 
individual s wit h extensiv e knowledg e i n a  particula r 
domai n (e.g .  experts) ,  ther e doe s no t  appea r  t o b e age -
relate d limitation s i n performance .  Althoug h exper t 
performanc e relie s o n certai n fundamenta l  cognitiv e 
processes ,  suc h a s informatio n processin g an d memor y 
capacity ,  th e strateg y wit h whic h a n exper t  maintain s a 
hig h leve l  o f  functionin g i n his/he r  domai n ma y b e 
altered .  On e ma y vie w thi s alteratio n a s a  sig n o f 
compensatio n fo r  age-relate d limitation ,  o r  on e ma y 
dee m tha t  thi s alteratio n o f  strategie s i s  du e t o th e 
natura l  cours e o f  extensiv e practic e i n th e field.  Th e ai m 
of  thi s pape r  i s  t o explor e diagnosti c reasonin g 
processe s i n a n agin g medica l  specialist .  Specifically , 
thi s stud y explore s wha t  aspect s o f  performanc e 
approximate s tha t  o f  a  younge r  expert ,  an d wha t  aspect s 
deviat e fro m th e curren t  mode l  o f  expertis e i n medicine . 

Introduction 

Rapidl y expandin g medica l  knowledge ,  improvement s i n 
genera l  nutrition ,  hygiene ,  educatio n an d publi c sanitatio n 
has contribute d t o th e healt h an d longevit y o f  ou r 
population .  Consequently ,  a s a  highe r  proportio n o f  peopl e 
continu e t o Uv e longer  lives ,  interes t  i n th e agin g proces s 
has sparke d a  flurr y o f  researc h delineatin g m a n y 
physiological ,  psychologica l  an d cognitiv e effect s associate d 
wit h advance d ag e (Bine n &  Schaie ,  1985) .  Fo r  instance , 
agin g ha s bee n show n t o affec t  basi c cognitiv e functions , 
suc h a s workin g m e m o r y ( W M )  capacit y an d rat e o f 
informatio n processin g (Verhaeghen ,  Marcoe n &  Goossens , 
1993) .  However ,  ther e i s evidenc e t o suppor t  th e clai m tha t 
mor e comple x cognitiv e functioning ,  suc h a s reasonin g an d 
problem-solvin g abilities ,  d o no t  appea r  t o sho w th e sam e 
magnitud e o f  ag e relate d limitation s (Chamess ,  1985) . 
Furthermore ,  a s professional s maintai n interes t  i n thei r 
field s wel l  int o thei r  60's ,  70's ,  an d beyond ,  researc h ha s 
bee n conducte d t o characteriz e an d understan d competen t 
exper t  performanc e a s a  functio n o f  aging .  Finding s indicat e 
tha t  m a n y agin g individual s continu e t o functio n a t  a 
remarkabl e leve l  o f  proficiency ,  especiall y i n domain s wher e 
th e individua l  ha s extensiv e knowledg e (Chamess ,  1985) . 
Thi s i s especiall y tru e i n area s wher e n e w informatio n i s 
quickl y accumulating ,  suc h a s medicine ,  requirin g curren t 
practitioner s t o improv e thei r  medica l  knowledg e an d 
professiona l  competenc e a s the y continu e t o practic e 
medicin e a t  advance d ages . 

As wa s mentione d earlier ,  accurac y o r  successfu l 
performanc e i n a n individual' s domai n o f  expertis e m a y no t 
necessaril y  declin e a s on e get s olde r  ( .  However ,  decline s i n 
m e m o ry tasks ,  suc h a s recal l  abilit y  an d W M capacity ,  i s 

apparentl y relate d t o age .  Therefore ,  thi s explorator y stud y 
seek s t o investigat e whethe r  workin g m e m o r y capacit y an d 
decrease d efficienc y i n retrieva l  o f  store d informatio n o f  a n 
agin g medica l  exper t  constrain s performance .  I f  not ,  the n 
what  possibl e mechanism s ar e ther e whic h "compensate "  o r 
"bypass "  th e apparen t  limitations ? 

Expertise and Aging 

Studie s investigatin g performanc e o f  agin g expert s ar e 
abl e t o demonsU-at e difference s i n performanc e betwee n agin g 
and younge r  individual s primaril y whe n subject s ar e teste d 
outsid e thei r  are a o f  expertise .  Thes e difference s demonstrat e 
tha t  olde r  individual s ar e slowe r  i n learnin g a  ne w tas k an d 
hav e poore r  m e m o r y fo r  recal l  (rathe r  tha n recognition )  o f 
items .  Studie s lookin g a t  agin g an d exper t  performanc e 
withi n thei r  are a o f  expertis e hav e com e t o somewha t 
differen t  conclusions .  Namely ,  tha t  exper t  skill s  withi n 
thei r  domai n o f  specialt y ar e maintaine d a t  advance d ages .  I t 
seems tha t  somethin g abou t  extensiv e knowledg e i n a n are a 
eithe r  prevent s o r  protect s individual s fro m ag e related 
declines ,  enablin g the m t o continu e functionin g a t  amazin g 
level s (Shimamur a et .  al. ,  1995) . 

Investigation s o f  th e recal l  o f  ches s piec e position s o f 
bot h youn g an d ol d exper t  an d novic e ches s player s indicate d 
tha t  performanc e o n th e ches s positio n recal l  tas k wa s 
dependen t  upo n bot h th e ag e an d th e skil l  (leve l  o f  expertise ) 
of  th e participan t  (Chamess ,  1985) .  Chames s foun d tha t 
exper t  ches s player s a s a  grou p recalle d mor e ches s position s 
tha n th e novic e ches s players .  However ,  olde r  player s 
(greate r  tha n 5 5 years )  i n eithe r  grou p (novic e o r  expert )  di d 
not  recal l  a s m a n y ches s piec e position s a s thei r  younger , 
skill-equivalen t  counterparts . 

W h en Chames s compare d th e performanc e o f  thes e ches s 
player s i n a  game ,  h e foun d skill ,  no t  age ,  t o b e a 
determinin g factor .  So ,  althoug h th e olde r  player s ha d 
poore r  recal l  scores ,  thi s di d no t  interfer e wit h thei r  abilit y 
t o pla y well .  Skil l  leve l  wa s foun d t o b e a  bette r  predicto r 
of  a  successfu l  player ,  regardles s o f  ag e an d related 
impairments . 

Working Memory and Aging 

W M i s define d a s " a syste m fo r  temporaril y  holdin g an d 
manipulatin g informatio n a s par t  o f  a  wid e rang e o f  essentia l 
cognitiv e tasks ,  suc h a s learning ,  reasonin g an d 
comprehending "  (Baddeley ,  1990 ,  p .  67) .  W M capacit y ha s 
bee n show n t o declin e wit h ag e (Kausler ,  1985 ;  Craik , 
1994) ,  bu t  experienc e wit h a  particula r  tas k m a y potentiall y 
improv e th e efficienc y o f  th e W M syste m (Salthouse , 
1985) .  Thi s propose d efficienc y m a y b e evidence d a s th e 
eas e wit h whic h fact s an d informatio n ca n b e retrieve d fro m 
long-ter m m e m o r y ( L T M )  stores . 

844 

mailto:LEANNA@EGO.PSYCH.MCGILL.CA
mailto:patel@hebb.psych.mcgill.ca


Studie s o f  agin g o n W M hav e demonstrate d tha t  olde r 
adult s ar e unabl e t o perfor m a s wel l  a s younge r  adult s o n 
conventiona l  free  recal l  tasks .  But ,  performanc e o n thes e 
fre e recal l  task s i s highl y influence d b y factor s suc h a s 
instruction ,  context ,  an d prio r  knowledge .  Crai k (ly'M ) 
explore d th e effect s o f  ihe& e type s o f  "environmenta l 
support "  o n th e performanc e o f  olde r  an d younge r  subject s 
on a  fre e recal l  task .  H e conclude d tha t  "th e negativ e effect s 
of  agin g ca n b e somewha t  ameliorate d b y th e provisio n o f 
appropriat e environmenta l  support "  (p .  158) . 

Medical Expertise 

The diagnosti c reasonin g strategie s o f  novices , 
intermediate s an d medica l  expert s hav e bee n wel l  documente d 
(Schmid t  &  Boshuizen ,  1993 ;  Patel ,  Aroch a &  Kaufman , 
1994) .  Novice s ar e beginne r  medica l  students ,  wherea s 
intermediate s ar e advance d medica l  student s and/o r  residents , 
who hav e knowledg e o f  a  particula r  field  o f  medicin e bu t 
the y d o no t  hav e extensiv e clinica l  experienc e (Pate l  & 
Groen ,  1991) .  Th e c o m m o n findings  ar e tha t  novice s 
proces s informatio n a t  a  superficia l  level ,  an d therefor e 
searc h strategie s int o possibl e etiologie s an d diagnose s ar e 
quit e limited .  Conversely ,  intermediate s engag e i n 
extraneou s search ,  an d the y provid e extensiv e elaboration s i n 
explainin g a  patient' s symptomolog y (Arocha ,  Pate l  & 
Patel ,  1993) .  However ,  medica l  experts '  knowledg e i s 
"finel y tuned "  s o tha t  the y ar e abl e hon e i n o n critica l  item s 
and t o filter  ou t  irrelevan t  information ,  preventin g a n 
extensiv e searc h (Patel ,  Aroch a &  Kaufman ,  1994) .  The y 
ver y efficientl y recognize ,  focu s an d elaborat e o n th e 
essentia l  component s o f  a  patient' s healt h profile ,  du e t o 
thei r  comprehensiv e knowledg e a s wel l  a s thei r  histor y o f 
clinica l  exposure/experience .  Typically ,  medical  expert s 
conduc t  wha t  i s referre d t o a s a  situationa l  assessmen t  (Klei n 
&Calderwood ,  1991) ,  wher e th e formulatio n o f  a n accurat e 
diagnosi s depend s o n understandin g th e details ,  parameter s 
and circumstance s unde r  whic h th e patien t  currentl y 
manifest s his/he r  symptoms .  Thi s wa s foun d t o b e a  ke y 
elaboratio n befor e a  diagnosi s i s usuall y provide d relativel y 
earl y o n (Kushniruk ,  Pate l  &  Fleiszer ,  1995 )  Finally ,  a  las t 
characteristi c o f  exper t  performanc e i s th e hig h leve l  o f 
accurac y an d intricat e comprehensio n o f  th e patient' s 
conditio n an d diagnosis . 

Aging and Medical Expertise 

Ther e ha s bee n littl e attemp t  t o examin e th e diagnosti c 
reasonin g proces s i n agin g medical  specialists .  However , 
Pate l  &  Aroch a (1997 )  investigate d som e implication s tha t 
th e developmen t  an d maintenanc e o f  medica l  expertis e hav e 
on agin g medica l  experts ,  althoug h age-relate d measure s 
wer e no t  directl y investigated .  Therefore ,  th e focu s o f  thi s 
stud y wa s t o advanc e a n attemp t  a t  a  qualitativ e examinatio n 
of  possibl e cognitiv e change s associate d wit h agin g i n 
medica l  specialists .  W e wante d t o characteriz e th e 
performanc e o f  tw o outstandin g individual s i n a  tas k withi n 
thei r  specialize d domain .  Further ,  w e wante d t o loo k a t 
processe s tha t  ar e require d fo r  successfu l  medical  problem -
solvin g an d decisio n making ,  whic h m a y potentiall y  b e 
inmiun e t o th e effect s o f  aging .  Thes e includ e A )  degre e o f 
situationa l  assessmen t  B )  abilit y  t o distinguis h relevan t  an d 

irrelevan t  clinica l  findings  an d C )  diagnosti c accuracy .  Othe r 
cognitiv e characteristic s neede d a s basi c suppor t  fo r  th e 
exper t  strategies ,  whic h ar e believe d t o b e ^ecte d b y th e 
agin g process ,  wer e als o investigated .  Thes e includ e D ) 
spee d o f  informatio n processing/efficienc y o f  retrieval , 
whic h determine s th e amoun t  o f  tim e i t  take s t o diagnose , 
and th e facilit y  wit h whic h on e ha s inmiediat e acces s t o 
acquire d knowledg e stor e i n m e m o r y an d E )  W M capacity , 
whic h allow s on e t o kee p trac k o f  patien t  details ,  goal s an d 
hypothese s whil e formulatin g a  diagnosis .  Ultimately ,  w e 
wante d t o examin e whethe r  a n agin g physicia n utilize s 
differen t  problem-solvin g (diagnostic )  strategie s t o maintai n 
a hig h leve l  o f  performance ,  whe n face d wit h basi c cognitiv e 
limitation s associate d wit h aging . 

Methods 

Subjects 

T wo subject s wer e carefull y selecte d t o participat e i n thi s 
study .  A  to p cardiologist ,  age d 70 ,  w h o i s a  pionee r  i n hi s 
field,  an d pubhshe d th e first  articl e o n "cardia c tamponade " 
i n Th e N e w Englan d Journal  o f  Medicine ,  wa s chose n 
becaus e o f  hi s specialize d expertis e i n th e domain ,  extensiv e 
clinica l  experienc e an d trac k record .  Th e senio r  cardiolog y 
resident ,  age d 35 ,  wa s i n hi s fifth  yea r  o f  residency ,  highl y 
recommende d fo r  thi s stud y b y hi s supervisor s becaus e o f 
outstandin g performanc e durin g hi s training ,  an d hi s 
continua l  effor t  i n th e field.  W e wante d t o collec t  ric h an d 
in-dept h dat a o n th e performanc e o f  tw o ver y talente d an d 
competen t  individual s w h o differe d i n age ,  clinica l 
experienc e an d expertise . 

Procedure 

Clinica l  Proble m A n actua l  clinica l  case ,  modifie d i n 
textua l  for m b y a  tea m o f  specialists ,  wa s develope d wit h 
th e ai d o f  a n independen t  cardiologist .  Th e problem ,  use d i n 
othe r  studies ,  an d elaborate d i n detai l  elsewher e (Patel ,  Groe n 
& Arocha ,  1991) ,  describe s a  m a n w h o wa s diagnose d a s 
havin g Pericardia l  Effusio n wit h Pre-Tamponade .  Thi s i s a 
conditio n i n whic h ther e i s compressio n o f  th e hear t 
produce d b y th e accumulatio n o f  fluid  i n th e pericardia l  sac , 
t o th e exten t  tha t  th e norma l  expansio n o f  th e hear t  i s 
prevented .  Th e actua l  diagnosi s i s comprise d o f  tw o parts . 
1)  Pericardia l  Effusion ,  whic h i s relativel y "easy "  t o 
identify ,  an d 2 )  Pre-Tamponade ,  whic h i s a  seriou s conditio n 
and rathe r  difficul t  t o identify .  Th e writte n cas e wa s 
presente d i n thre e sections ,  on e pe r  page :  History ,  Physica l 
Examination ,  an d La b Results .  Subject s wer e aske d t o nsa d 
th e cardiolog y cas e whil e "thinkin g aloud" .  The y wer e the n 
require d t o provid e a  diagnosis ,  t o recal l  th e cas e (withou t 
lookin g a t  it) ,  an d t o explai n th e underlyin g 
pathophysiolog y o f  th e problem .  Th e subjects '  response s 
wer e audiotaped ,  transcribed ,  the n analyze d usin g propositio n 
analytica l  techniques . 

W o r k i n g M e m o r y S p a n Tes t  Thi s tas k involve s 
readin g a  serie s o f  sentences ,  on e a t  a  time ,  wit h th e goa l  o f 
recallin g th e las t  wor d o f  eac h sentenc e afte r  th e serie s i s 
over .  Thi s tas k interfere s wit h th e subject' s abilit y  t o 
rehears e th e word s b y requirin g tha t  th e nex t  sentenc e b e rea d 
immediatel y afte r  th e previou s one .  Subject s m o v e o n t o 
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harde r  level s (increase d numbe r  o f  sentence s pe r  series )  unli l 
the y ar e unabl e t o recal l  mos t  o f  th e words .  Thi s ceilin g i s 
though t  t o represen t  th e subject' s Workin g M e m o r y 
Capacity ,  th e readin g spa n score .  Thi s tas k i s constructe d s o 
tha t  on e ca n attai n a  m a x i m u m readin g spa n scor e o f  6 
words . 

Data Analysis 

We utilize d propositiona l  an d semanti c analyses ,  whic h 
enable d u s t o represen t  diagnosti c dialogue s int o semanti c 
representation s an d directionalit y o f  componen t  reasonin g 
strategie s (Pate l  &  Groen ,  1991 ;  Ericsso n &  Simon ,  1984) . 
Thes e analyse s wer e conducte d t o ai d i n th e examinatio n o f 
A )  degre e an d timin g o f  situationa l  assessmen t  B )  relevan t 
and irrelevan t  clinica l  findings  C )  diagnosti c accurac y an d 
completeness .  Thes e measure s wer e chose n becaus e the y 
represen t  critica l  characteristic s o f  exper t  performanc e i n 
medicine .  Furthe r  analysi s include d quantifyin g th e D )  th e 
efficienc y (speed )  o f  problem-solvin g an d E )  th e capacit y o f 
workin g m e m o r y usin g th e Readin g Spa n Tas k (Jus t  & 
Carpenter ,  1992) .  Selectio n o f  thes e measure s enable d u s t o 
loo k a t  alread y establishe d measure s believe d t o b e affecte d 
by th e agin g process . 

Results 

Situationa l  A s s e s s m e n t 

A situationa l  assessmen t  involve s clarificatio n an d 
identificatio n o f  th e stat e o f  a  decisio n problem ,  fo r 
example ,  requestin g additiona l  informatio n o n ke y details ,  o r 
reviewin g an d interpretin g data .  Thi s i s a n exampl e o f 
forward-directed ,  o r  data-drive n reasoning ,  a n indicato r  o f 
exper t  performance .  I t  i s  importan t  t o not e tha t  situationa l 
assessmen t  involve s a  thoroug h understandin g o f  th e entir e 
clinica l  picture ,  rathe r  tha n simpl y determinin g th e urgenc y 
of  th e situation ,  an d actin g o n it .  O n e mus t  tak e int o 
accoun t  al l  critica l  factor s befor e a n actio n i s chosen .  Fo r 
example ,  respondin g t o a n urgen t  infectio n migh t  entai l 
antibioti c treatment ,  however ,  a  thoroug h situationa l 
assessmen t  migh t  revea l  a n allerg y t o a  c o m m o n antibiotic . 
Thus ,  on e ca n se e th e importanc e o f  a  dee p understandin g o f 
th e entir e clinica l  picture ,  rathe r  tha n a  quic k respons e 
lackin g sufficien t  information .  Th e followin g excerp t 
illustrate s tha t  th e olde r  exper t  requeste d fiirthe r  information , 
and describe d wha t  h e woul d d o next .  H e wa s reluctan t  t o 
provid e a  definit e diagnosi s eve n tw o minute s int o th e tas k 
(compare d t o 2 0 second s wit h th e resident) ,  unti l  h e 
understoo d mor e (rea d on) . 

" N o w ther e ar e othe r  possibl e thing s whic h yo u g o 
straigh t  into ,  tryin g t o se e i f  i t  goe s o n fitting .  I  a m 
not  goin g t o tel l  yo u al l  th e othe r  thing s tha t  i t 
migh t  be .  Yo u bea r  the m i n mind.....[LATER ]  I 
woul d surel y wan t  t o kno w h o w h e wa s breathing .  I 
presum e h e wa s breathin g rapidly....probabl y 20-2 5 a 
minute....Th e reaso n I  wan t  t o kno w tha t  i s tha t  a 
Pulse s Paradoxi s o f  1 2 m m Hg i s unimportan t  i f  yo u 
ar e breathin g hard ,  bu t  i f  he' s breathin g quietl y a t  1 2 
a minute ,  the n yo u woul d b e alerte d fo r  probabl y a 
pericardia l  involvement. " 

Th e residen t  bega n b y elaboratin g som e o f  th e differentia l 
diagnoses ,  goin g int o detai l  a s t o w h y eac h shoul d b e 
considered ,  rathe r  tha n collectin g mor e informatio n o n thi s 
patient .  Contraste d t o th e directionalit y o f  th e expert ,  th e 
residen t  engage s i n backward-directed ,  o r  hypothesis-drive n 
reasoning ,  seekin g tex t  informatio n t o justif y th e 
hypothesize d diagnosis .  Further ,  th e residen t  stay s a t  th e 
leve l  o f  explainin g w h y clinica l  fact s (symptoms )  exist , 
rathe r  tha n evaluatin g whethe r  a  particula r  fac t  i s  relevant , 
and wha t  additiona l  informatio n i s required .  Th e passag e 
belo w highlight s h o w th e residen t  stick s t o th e data ,  an d 
rathe r  prematurel y propose s a  diagnosis ,  som e 2 0 second s 
afte r  commencin g th e case ,  evidencin g a  lac k o f  adequat e 
situationa l  assessment . 

"S o he' s go t  wha t  sound s lik e orthopnea ,  whic h 
m ay b e secondar y t o myopath y o r  som e diseas e o f  th e 
muscl e lik e fro m alcohol ,  o r  mayb e secondar y t o 
coronar y arter y disease...[LATER ]  Pulsu s paradoxicu s 
12 m m H g;  S o jus t  o n th e borderlin e o f  bein g 
significant .  Paradoxica l  puls e i s wha t  yo u shoul d b e 
concerne d about .  Pericardia l  effusio n wit h som e 
tamponade .  Althoug h i f  h e ha s a  primar y lun g 
problem ,  I  coul d explai n th e Paradoxi s one ,  an d yo u 
coul d hav e mil d Pulsu s wit h congestion. " 

Relevant and Irrelevant Clinical Findings 

The residen t  judge d m a n y mor e tex t  findings/observations 
t o b e relevan t  t o th e diagnosi s tha n th e exper t  did .  Th e 
exper t  use d 7  tex t  findings/observations  t o suppor t  al l  6 
subdiagnosti c hypotheses ,  wherea s th e residen t  mentione d 1 8 
tex t  findings/observations,  mor e tha n doubl e th e amoun t 
generate d b y th e expert .  I n othe r  words ,  th e exper t 
successfull y recognize d no t  merel y th e relevan t  observations , 
but  th e critica l  one s i n th e determinatio n o f  th e correc t 
diagnosis ,  makin g hi s strateg y a  mor e efficien t  one . 
Further ,  th e residen t  concentrate d o n supportin g 1 
subdiagnosti c hypothese s wit h th e majorit y o f  th e 1 8 tex t 
findings  (72%) ,  leavin g th e othe r  diagnosti c component s 
effectivel y unaccounte d for .  Essentially ,  th e residen t  over -
supporte d th e diagnosi s o f  Pericardia l  Effusion ,  spendin g a 
considerabl e proportio n o f  hi s tim e confirmin g thi s on e 
subdiagnosti c hypothesis . 

Diagnostic Accuracy 

Si x subdiagnosti c hypothese s (associate d healt h problems ) 
ar e neede d t o reflec t  complet e diagnosti c understandin g o f  th e 
case .  Th e si x associate d healt h problem s include d Ischemi c 
Hear t  Disease ,  Lef t  Ventricula r  Failure ,  Righ t  Ventricula r 
Failure ,  Pericardia l  Effusion ,  Pericardia l  Tamponade ,  an d 
Hepati c Congestion .  Th e final  diagnosi s i s Pericardia l 
Effusio n wit h Pre-Tamponade .  Th e exper t  mentione d al l  6 
subdiagnosti c hypotheses ,  an d provide d th e final  diagnosi s i n 
th e diagnosi s section .  Th e residen t  faile d t o mentio n th e 
subdiagnosi s o f  Hepati c Congestion .  W h e n prompte d fo r  a 
final  diagnosis ,  th e residen t  state d Pericardia l  Effusion ,  bu t 
di d no t  qualif y i t  wit h Pre-Tamponade ,  essentiall y  missin g 
thi s urgen t  an d seriou s condition . 

I n additio n t o th e residen t  providin g a n incomplet e 
diagnosis ,  h e als o mad e error s i n understandin g th e case ,  an d 
ther e wer e som e self-contradictions .  Th e error s h e mad e 
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wer e a )  statin g tha t  th e live r  wa s no t  congested ,  whe n i n fac t 
i t  was ;  b )  statin g tha t  ther e wa s a  righ t  pleura l  effusion , 
wher e ther e wa s none ;  c )  h e incorrectl y recalle d tha t  th e 
patien t  drink s alcoho l  mor e recently ,  wherea s i t  wa s slala l 
tha t  th e patien t  bega n drinkin g less .  Finally ,  th e residen t  d ) 
suggest s tha t  thi s i s no t  a  cas e o f  hypothyroidism ,  ye t  i n 
concluding ,  h e i s uncertai n abou t  thi s an d suggest s testin g 
fo r  thi s condition . 

EfTiciency (Time) 

The overal l  amoun t  o f  tim e spen t  o n th e clinica l  cas e wa s 
11 minute s 2 0 second s fo r  th e residen t  an d 2 3 minute s 4 0 
second s fo r  th e olde r  expert .  Althoug h th e tas k wa s no t 
tim e constrained ,  i t  i s  importan t  t o not e tha t  th e olde r  exper t 
too k twic e a s lon g a s th e resident .  Also ,  th e exper t  spen t 
more tim e i n th e diagnosi s sectio n tha n an y othe r  sectio n 
(almos t  7  minutes ,  approximatel y on e thir d o f  th e tota l 
time) ,  whic h indicate s tha t  h e place s th e mos t  importanc e i n 
thi s section . 

Reading Span WM Task 

The residen t  performe d bette r  tha n th e exper t  o n th e 
Readin g Spa n M e m o r y task .  Score s ar e determine d b y th e 
leve l  a t  whic h on e canno t  continu e t o recal l  th e las t  word s i n 
a serie s o f  sentences .  Th e residen t  achieve d a  scor e o f  4 , 
wherea s th e olde r  exper t  attaine d a  scor e o f  3.5 .  Accordin g t o 
th e categorizatio n use d b y Jus t  &  Carpente r  (1992) ,  di e 
residen t  obtaine d a  hig h spa n ( 4 u p t o a  m a x i m u m o f  6 
words )  W M capacity ,  wherea s th e exper t  cardiologis t 
achieve d a  mediu m spa n (3-3. 5 words )  W M capacity . 

Discussion 

The purpos e o f  thi s stud y wa s t o investigat e optima l 
performanc e o f  prominen t  medica l  professional s durin g a 
challengin g an d realisti c task ,  an d t o explor e age-relate d 
difference s i n th e formulatio n o f  a  diagnosis .  Th e findings 
sugges t  a  relationshi p betwee n potentia l  decline s i n W M 
capacit y an d highl y organize d knowledg e increase s fo r 
expert s i n thei r  subspecialty . 

Situational Assessment 
Subject s focuse d o n differen t  clinica l  findings,  illustratin g 

differen t  schem a representation s o f  th e problem .  Patel , 
Aroch a &  Kaufma n (1994 )  writ e tha t  "schemata ,  whic h ar e 
buil t  u p a s a  functio n o f  experienc e withi n a  domai n o f 
expertise ,  guid e a  subjec t  t o ke y element s i n a  proble m an d 
serv e t o filter  ou t  irrelevan t  information "  (p .  21) .  Th e 
schema i s revise d an d altere d a s ne w informatio n abou t a 
situatio n i s realize d (Klein e &  Calderwood ,  1991) .  Thus , 
situationa l  assessmen t  prove s essentia l  i n determinin g whic h 
detail s ar e importan t  t o hon e i n o n an d t o clarify .  I t  appear s 
tha t  th e resident' s schem a i s no t  a s wel l  develope d o r 
elaborate d a s th e expert's ,  fo r  h e utilize s m a n y mor e tex t 
finding s tha n th e expert ,  indicatin g tha t  h e relie s o n give n 
informatio n t o m a k e a  diagnosis ,  rathe r  tha n interpretin g 
the n seekin g ke y additiona l  clarifications . 

Separat in g Relevan t  a n d Irrelevan t  Clinica l 
F inding s 

A characteristi c qualit y o f  expert s i s tha t  the y quickl y an d 
efficientl y recogniz e pattern s i n thei r  domai n o f  expertise , 
crystalliz e th e decisio n problem ,  an d ar e abl e t o effectivel y 
distinguis h betwee n relevan t  an d irrelevan t  detail s wit h 
respec t  t o thei r  goa l  (Patel ,  Aroch a &  Kaufman ,  1994 ; 
Patel ,  Groe n &  Frederikson ,  1986) .  I n contrast , 
intermediate s amas s vas t  amount s o f  information,  bu t  lac k 
exper t  experienc e whic h facilitate s th e efficien t  organizatio n 
and filtering  o f  thi s informatio n (Patel ,  Aroch a &  Kaufman , 
1994) .  Th e efficien t  organizatio n o f  informatio n allow s di e 
exper t  t o 1 )  selec t  relevan t  an d critica l  clinica l  informatio n 
and 2 )  t o "chunk "  dii s  informatio n int o relate d unit s t o b e 
store d i n memory .  So ,  i t  appear s tha t  thi s residen t  processe d 
informatio n a s a n intermediat e does ,  deemin g almos t 
everythin g t o b e important .  Fo r  th e expert ,  becaus e hi s 
knowledg e bas e i s efficientl y organized ,  a  fe w selec t 
proposition s i s al l  tha t  i s  require d fo r  complet e an d accurat e 
understandin g o f  di e case . 

Diagnostic Accuracy and Completeness 

Th e exper t  cardiologis t  demonstrate d superio r  knowledg e 
of  hi s field,  b y providin g al l  th e essentia l  subdiagnosti c 
hypothese s critica l  t o understandin g th e case ,  an d b y 
providin g th e complet e final  diagnosis .  T h e resident , 
however ,  wa s onl y partiall y  accurate ,  fo r  h e di d no t  provid e a 
complet e diagnosis .  H e neglecte d t o mentio n Pre-tamponad e 
i n hi s final  diagnosis ,  indicatin g tha t  h e wa s unawar e o f  th e 
rea l  urgenc y o f  di e patient' s medica l  condition .  Ther e wer e 
als o severa l  error s generate d b y th e resident .  Thes e 
difference s m a y b e partiall y  explaine d b y th e impac t  tha t 
year s o f  clinica l  experienc e hav e o n medica l  performance . 
However ,  on e canno t  "learn "  clinica l  exposure ,  on e ha s t o 
experienc e it .  Th e exper t  ha s acquire d m a n y year s o f  chnica l 
experience ,  an d thi s i s illustrate d i n hi s abilit y  t o correcd y 
diagnose  an d explai n a  ver y compUcate d clinica l  proble m i n 
hi s domain . 

Efficiency (Time) 

O ne theor y o f  agin g propose s tha t  dechne s i n cognitiv e 
performanc e ca n b e attribute d t o slowin g i n th e rat e o f 
informatio n processin g (Brewer ,  1987) .  However ,  practic e 
ca n maintai n th e performanc e o f  olde r  expert s a t  hig h levels , 
onl y i f  th e tas k i s sel f  paced .  Thi s mean s tha t  a n olde r  exper t 
m ay b e penahze d i f  a  tim e limitatio n wer e impose d o n 
hini/her .  Therefore ,  a n importan t  measur e o f  rat e o f 
informatio n processin g i s th e tim e i t  take s a  subjec t  t o 
complet e a  give n task .  Th e cardiolog y proble m require d tha t 
th e subjec t  rea d th e cas e a t  hi s o w n pace ,  whil e "thinkin g 
aloud "  a s h e wen t  along .  Th e fac t  tha t  th e olde r  exper t  too k 
longe r  m a y represen t  a  numbe r  o f  possibl e explanations , 
includin g tha t  thi s m a y b e a  strateg y t o (inadvertend y o r 
not )  stal l  fo r  time .  Perhap s whil e h e wa s thinkin g aloud , 
th e exper t  m a y b e searchin g t o obtai n o r  lin k informatio n 
fi-om  W M t o L T M ,  wher e organize d knowledg e i s stored . 
Anecdotally ,  encounter s w e al l  hav e ha d wit h olde r  adult s 
and relative s suppor t  th e notio n tha t  olde r  adult s sometime s 
remember  informatio n quit e a  whil e afte r  i t  wa s requeste d -
eve n a s m u c h a s severa l  day s later . 
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W o r k i n g M e m o r y Capacit y 

The exper t  wa s foun d t o hav e a  mediu m W M capacity , 
indicatin g a  smaller ,  mor e limited ,  W M capacit y tha n th e 
resident ,  w h o i s categorize d a s havin g a  hig h W M capacity . 
Crai k (1994 )  ha s argue d tha t  "ag e relate d change s i n 
performanc e ar e extremel y variable "  (p .  155) .  Becaus e thi s 
stud y investigate d W M capacit y i n tw o subjects ,  th e 
possibilit y  arise s tha t  th e exper t  ma y b e atypica l  i n tha t  h e 
m ay no t  exhibi t  a s marke d a  declin e i n W M capacit y a s on e 
woul d expec t  i n a n olde r  individual ,  although ,  again ,  th e 
exper t  i s  a n activ e researche r  an d clinician ,  an d therefor e 
continue s t o "exercise "  hi s W M capacity ,  perhap s protectin g 
hi m fro m typica l  age-relate d declines .  Also ,  th e Readin g 
Span tas k wa s no t  tim e constrained ,  fo r  th e subject s wer e 
permitte d t o rea d a t  thei r  o w n pace .  Thi s ma y partiall y 
explai n wh y th e expert' s  an d th e resident' s performanc e wer e 
bot h good . 

Conclusions and Implications 

Differen t  strategie s i n diagnosti c reasonin g ma y b e 
employe d b y individual s i n orde r  t o counterac t  cognitiv e 
decline s related  t o th e agin g process .  I t  i s  th e 
characterizatio n an d understandin g o f  thes e hypothesize d 
mechanism s tha t  m a y provid e valuabl e tool s t o hel p comba t 
th e effect s o f  agin g o n certai n cognitiv e measures .  Fo r 
example ,  a n olde r  exper t  physicia n ma y find  i t  increasingl y 
difficul t  t o kee p trac k o f  detail s regardin g a  patient' s 
symptoms ,  exam ,  an d la b results .  He/sh e ma y find  i t 
helpfu l  t o us e memor y suppor t  system s an d diagnosti c aids , 
suc h a s a  portabl e dat a entr y terminal ,  o r  a  computerize d 
patien t  record ,  t o stor e th e particular s o f  eac h patient ,  whic h 
ca n b e quickl y an d easil y accesse d whe n required . 

Thi s stud y provide s a n initia l  framewor k fro m whic h futur e 
studie s focusin g o n th e diagnosti c strategie s o f  agin g 
medica l  expert s ca n b e built .  W e hav e begu n t o develo p a 
theoretica l  an d methodologica l  fi-amework  fo r  studyin g th e 
effect s o f  agin g o n medica l  expertise .  Futur e researc h 
endeavor s shoul d elucidat e th e mechanism s unde r  whic h 
expertis e i s maintaine d a t  advancin g ages .  Specifically ,  on e 
propose d mechanis m i s tha t  decrease s i n W M capacit y i s 
compensate d b y increase d knowledg e an d experience . 
Anothe r  mechanis m suggest s tha t  organizatio n o f  knowledg e 
i s th e resul t  o f  year s o f  practice ,  rathe r  tha n simpl y a 
strateg y t o mak e u p fo r  basi c cognitiv e limitation s 
associate d wit h aging . 

I t  i s  ou r  vie w tha t  thi s issu e i s likel y t o b e o f  considerabl e 
importanc e i f  w e wan t  t o capitaliz e o n utilizin g th e vas t 
experienc e an d knowledg e o f  exper t  medica l  professional s a s 
the y approac h thei r  retiremen t  years . 
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