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An intuitively plausible position about the acquisition of 
e x p e r t i s e i s w h a t  w e wi l l  cal l  th e Independen t  Cue s 
interpretation :  learner s gai n expertis e mainl y b y acquirin g 
knowledg e abou t  th e specifi c  feature s (sign s o r  symptoms )  whic h 
characteriz e a  diseas e o r  conditio n an d thos e feature s whic h ar e 
bes t  abl e t o differentiat e amon g diseases .  (Th e ter m independen t 
cue s follow s Smit h &  Medin ,  198 1 i n thei r  classificatio n o f 
concep t  theor ies) .  Thi s mode l  o f  learnin g i s th e implicit ,  i f  no t 
expl ici t ,  goa l  o f  mos t  instructio n i n clinica l  diagnosis .  Thi s 
assumptio n als o underlie s models ,  suc h a s Bayesia n o r  regressio n 
decisio n model s tha t  captur e increasin g expertis e wit h change s i n 
weight s o f  features . 

One consequence of an independent cues model is that 
performanc e shoul d improv e mor e rapidl y o n typica l  tha n atypica l 
cases .  Sinc e typica l  case s posses s mor e o f  th e feature s whic h ar e 
characteristi c o f  a  category ,  thes e shoul d b e mastere d wit h 
relativ e ease .  Conversely ,  atypica l  case s hav e fe w feature s i n 
common wit h a  category ,  henc e woul d requir e a  hig h leve l  o f 
expertis e t o differentiat e fro m othe r  condit ions .  I n addition , 
case s whic h ar e empiricall y relativel y eas y fo r  neophyte s shoul d 
be mastere d wit h perfec t  accurac y b y experts . 

In this paper we will concentrate on the relative performance 
on typica l  an d atypical ,  eas y an d difficul t  case s o f  clinician s 
at  thre e differen t  level s o f  expertis e i n dermatology .  Th e tas k 
we studie d wa s th e diagnosi s o f  common ski n disorder s o n th e 
evidenc e provide d b y colo r  slides ,  som e o f  whic h wer e judge d 
typica l  o f  th e represente d disorde r  an d other s wer e atypical . 

EXPERIMENT 1 

Method 

Six subjects were chosen at each of three levels of 
exper t i s e i n dermatology :  firs t  yea r  resident s i n famil y 
medicine ,  genera l  practit ioners ,  an d practicin g dermatologists . 

The stimulus materials were 100 slides chosen from the slide 
collectio n o f  a n academi c dermatologist .  Fiv e slide s wer e chose n 
fro m eac h o f  2 0 common ski n conditions ,  wit h tw o judge d b y th e 
dermatologis t  t o b e typica l  presentation s an d thre e atypica l 
presentations .  A  brie f  history ,  consistin g o f  1  t o 4  line s o f 
type d tex t  an d intende d t o b e typica l  o f  th e disorde r  wa s create d 
by th e dermatologis t  fo r  eac h slide .  Sinc e thi s variabl e i s 
irrelevan t  t o th e focu s o f  th e curren t  paper ,  al l  erro r  analyse s 
wer e collapse d acros s history -  Th e slide s wer e presente d i n a 
randomize d series ,  usin g fou r  differen t  startin g position s t o 
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balance for order. For half the items, balanced across subjects, 
th e subjec t  firs t  rea d th e histor y an d the n viewe d th e sl ide . 
Subject s wer e aske d t o diagnos e eac h cas e a s rapidl y a s possibl e 
or  t o indicat e "don' t  know. " 

Results 

Mean Errors. The average error rate for the groups were 
Resident s =  44% ,  Genera l  Practitioner s =  33% ,  Dermatologist s = 
14.5% ,  resultin g i n a  highl y significan t  effec t  o f  expertis e o n 
mean error s (chi-square d =  1337 ,  p=.0001) .  Th e us e o f  th e "Don' t 
Know"  optio n wa s minimal ,  rangin g fro m 7 % fo r  resident s t o 0.3 % 
fo r  dermatologists . 

Response time 

Response times were separately calculated for correct, 
incorrect ,  an d 'don' t  kno w '  slides .  Th e mea n respons e tim e fo r 
correc t  identification s decline d slightl y wit h expertise ,  fro m 
9. 0 sec .  fo r  resident s t o 7. 7 sec .  fo r  dermatologists .  B y 
contrast ,  error s fo r  al l  group s wer e significantl y slowe r  tha n 
corrects ,  an d increase d significantl y wit h expertis e (resident s 
12. 2 s e c ;  genera l  practitioner s 15. 3 s e c ;  an d dermatologist s 
17. 5 s e c ;  F=10.9 ,  p<.001) .  Th e positiv e associatio n wit h 
expertis e wa s eve n mor e pronounce d fo r  th e 'don' t  know '  sl ides ; 
resident s too k a n averag e o f  19. 3 s e c ,  genera l  practitioner s 
24. 4 s e c ,  an d dermatologist s 26. 3 second s (F=3.31 ,  p< .05 ) .  Thes e 
result s sugges t  tha t  error s d o no t  apparentl y resul t  fro m 
carelessnes s o r  spee d an d lac k o f  thoroughness ;  i f  anything ,  th e 
convers e appear s t o b e true . 

Typicality. 

To assess the effect of typicality, the number of errors was 
firs t  correcte d fo r  frequenc y (ther e wer e 2  typica l  an d 3 
atypica l  case s pe r  disorder )  an d the n forme d int o th e rati o o f 
error s o n typica l  item s divide d b y tota l  errors .  A n equa l 
tendenc y t o mak e error s o n typica l  an d atypica l  item s woul d 
resul t  i n a  . 5 valu e fo r  thi s ratio ,  an d learnin g t o dea l 
effectivel y wit h typica l  item s befor e atypica l  item s woul d resul t 
i n declinin g value s wit h expertise .  I n fact ,  th e proportio n o f 
error s mad e o n item s designate d a s typica l  b y th e dermatologis t 
wer e approximatel y constan t  ove r  th e thre e level s o f  expertise , 
despit e th e threefol d decreas e i n overal l  error s (R=.40 ,  GP=.42 , 
D=.40) . 

Average Item Difficulty. 

An independent cues model implies that i) the difficulty of a 
cas e i s relate d t o th e degre e t o whic h th e cue s presen t  i n th e 
ite m suppor t  a  singl e diagnosis ,  an d ii )  expertis e i s relate d t o 
th e knowledg e o f  th e appropriat e combination s an d weighting s o f 
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these cues. Thus if we consider items which are empirically easy 
or  diff icul t  fo r  residents ,  mos t  improvemen t  wit h expertis e 
shoul d aris e o n easie r  items .  Conversely ,  som e ambiguou s slide s 
ar e likel y t o contai n insufficien t  informatio n fo r  accurat e 
d i a g n o s i s ,  an d thes e shoul d sho w littl e improvemen t  wit h 
expertise . 

An alternative position is that errors of clinicians are a 
resul t  o f  carelessnes s o r  inattention .  I f  thi s wer e th e case , 
ther e shoul d b e n o associatio n betwee n th e difficult y o f  a n item , 
base d o n th e performanc e o f  residents ,  an d error s committe d b y 
dermatologists ,  sinc e error s resul t  fro m a  rando m proces s 
unrelate d t o an y measur e o f  ite m difficulty . 

To explore these models, we characterized the difficulty of 
eac h slid e o n th e basi s o f  th e error s committe d b y residents , 
thu s a n eas y slid e ha d 0/ 6 error s b y residents ,  a  difficul t  slid e 
ha d 6/ 6 error s b y residents ,  an d ther e wer e 5  intermediat e level s 
of  difficulty .  We the n examine d th e proportio n o f  error s a t  eac h 
leve l  o f  expertis e committe d o n slide s a t  eac h leve l  o f 
difficulty . 

Because the difficulty of slides is based on the performance 
of  residents ,  th e plo t  o f  residen t  error s a t  eac h leve l  o f 
difficult y i s a  straigh t  lin e throug h th e origin .  Fro m th e 
independen t  cue s model ,  w e woul d anticipat e tha t  a s expertis e i s 
acquired ,  proportionatel y mor e error s wil l  b e committe d o n 
diff icul t  sl ides ,  s o tha t  th e distribution s mov e t o th e righ t 
wit h expertise .  Conversely ,  i f  error s wer e a  resul t  o f  rando m 
processe s suc h a s inattention ,  th e likelihoo d o f  a n erro r  b y G.P -
or  dermatologis t  shoul d b e unrelate d t o th e residen t  ite m 
diff iculty ,  an d th e distributio n shoul d b e flat . 

M E AN PERCENT ERROR PE R ITE M 
as a  functio n o (  difficult y fo r  r**ld*nt « 
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FIGURE 1 
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The results are shown in Figure 1. It is apparent that the 
distribution s fo r  genera l  practitioner s an d dermatologist s ar e 
simila r  t o thos e o f  residents ,  i.e .  a n approximatel y straigh t 
lin e wit h positiv e slope .  Mor e important ,  althoug h w e woul d 
predic t  fro m a n independen t  cue s mode l  that ,  wit h increasin g 
expertis e th e curv e woul d shif t  t o th e right ,  th e dat a provid e n o 
evidenc e o f  thi s shift . 

Thus, although the absolute error rate declined by about a 
facto r  o f  thre e fro m residen t  t o dermatologist ,  w e foun d n o 
evidenc e tha t  expertis e resulte d i n improvemen t  o n relativel y 
eas y o r  typica l  items . 

EXPERIMENT 2 

The analysis of typicality from the first study is subject 
t o possibl e idiosyncracie s i n th e rating s o f  typicalit y sinc e th e 
ca tegor iza t io n wa s don e b y onl y on e dermato log is t  an d 
consequentl y migh t  b e subjec t  t o som e unreliability .  Also , 
perceive d typicalit y itsel f  migh t  var y acros s expertis e group s a s 
wel l  a s havin g a n uncertai n relatio n t o th e basi s o f  diagnosti c 
performance .  Therefore ,  i t  i s  critica l  t o determin e i f  th e 
result s o f  thi s stud y hel d u p whe n th e typicalit y rating s o f 
anothe r  grou p wer e substituted . 

The second study addressed some of these issues. In the 
contex t  o f  anothe r  stud y examinin g th e effec t  o f  prio r  exposur e 
on rating s o f  plausibilit y  (th e hindsigh t  e f fect ) ,  w e obtaine d 
rating s o f  typicalit y o n a  tota l  o f  6 9 o f  th e slide s use d i n th e 
presen t  stud y fro m a  varyin g numbe r  o f  genera l  practitioner s 
rangin g fro m 3  t o 6 .  Followin g th e initia l  presentation ,  a  secon d 
sessio n wa s arrange d wit h eac h subjec t  a  minimu m o f  4  week s 
later .  A t  thi s followu p session ,  subject s wer e show n a  tota l  o f 
32 slides ,  o f  whic h 1 6 ha d bee n use d i n th e firs t  sessio n an d 1 6 
wer e ne w (counterbalance d acros s subjects) ,  an d wer e aske d t o 
d iagnos e th e condi t ions .  Th e secon d sessio n permitte d a n 
examinatio n o f  th e effec t  o f  a  singl e prio r  exposur e o n 
diagnosti c performance . 

To conduct this analysis, the proportion of the general 
practitioner s ratin g eac h slid e a s typica l  wa s determined .  Fiv e 
level s o f  categorizatio n wer e created :  typica l  b y tota l  agreemen t 
(2 2 s l ides) ,  typica l  b y majorit y agreemen t  (2 5 s l ides) ,  equall y 
divide d ( 3 s l ides) ,  atypica l  b y majorit y agreemen t  (1 3 s l ides) , 
and atypica l  b y tota l  agreemen t  ( 6 s l ides) .  Althoug h i t  i s 
eviden t  tha t  G.P.' s  wer e mor e incline d t o rat e slide s a s typica l 
tha n th e origina l  classificatio n o f  th e dermatologis t  woul d 
indicate ,  nevertheles s ther e wa s reasonabl e agreemen t  betwee n th e 
tw o sources .  O f  th e 2 3 slide s originall y rate d a s typica l  b y th e 
dermatologist ,  2 1 (91% )  wer e rate d typica l  b y a  majorit y o f 
G.P.'s .  However ,  onl y 1 6 o f  th e 4 4 slide s (36%)initiall y  classe d 
as atypica l  wer e s o rate d b y a  majorit y o f  G.P.'s . 
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An analysis was then conducted as before, calculating the 
proportio n o f  error s mad e o n typica l  an d atypica l  slides , 
considerin g bot h slide s o n whic h ther e wa s tota l  agreemen t  an d 
slide s wher e a  majority ,  o r  al l ,  G.P.' s  agreed .  Th e result s ar e 
show n i n Tabl e 2  below : 

Table 2 
Proportiona l  Erro r  Rat e b y Expertis e 

Resident General Practitioner Dermatologist 

Total Agree .339 .345 .343 

Majority Agree .338 .395 .339 

It is evident from this table that the constant proportionality 
of  error s o n typica l  slide s a s a  functio n o f  expertis e i s als o 
eviden t  wit h th e G.P .  ratings ,  thu s i t  doe s no t  appea r  t o b e a 
resul t  o f  th e idiosyncrati c categorizatio n o f  th e dermatologist . 

As one final converging evidence on the topic, we examined 
th e performanc e o f  G.P-' s i n diagnosin g slide s whic h the y 
themselve s ha d previousl y rate d a s typica l  o r  atypical .  Averag e 
erro r  rat e o n self-rate d typica l  slide s wa s 29% ,  an d o n atypica l 
slide s wa s 54% ,  fo r  a  rati o o f  .34 ,  consisten t  wit h th e ratio s 
shown i n th e previou s table . 

Thus, it is apparent that although performance of all groups was 
bette r  o n slide s judge d a s typica l  b y a  variet y o f  approaches , 
ther e wa s n o associatio n betwee n improvemen t  i n performanc e 
relate d t o expertis e an d typicality .  Pu t  anothe r  way ,  slide s 
judge d a s typica l  presente d jus t  a s muc h diagnosti c difficult y 
(proportionately )  t o dermatologist s a s t o residents . 

Prior Examples and Diagnosis 

It is apparent that the independent cues model and a model 
whic h view s error s a s a  rando m even t  far e poorl y i n accountin g 
fo r  th e improvemen t  i n expertis e observe d i n th e presen t  study . 
An a l te rna t i v e mode l  o f  concep t  formatio n (Brooks ,  1987 ) 
postulate s a  centra l  rol e o f  prio r  instance s i n recognition . 

The second study provides a partial test of this model. In 
additio n t o examinin g relativ e erro r  rate s i n th e secon d sessio n 
on thos e slide s rate d b y eac h G.P .  a s typica l  o r  atypical ,  w e 
als o examine d th e erro r  rat e o n slide s whic h ha d bee n see n 
previousl y i n th e contex t  o f  th e typicality-ratin g tas k an d a 
balance d se t  o f  ne w slides .  Th e result s ar e a s show n below : 
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Table 3 

Error Rates on Old and New Slides 

Previously New 
Seen 

Typical 31% 46% 

Atypical 48% 60% 

Thus, a single prior exposure to the slide, a minimum of four 
weeks previously ,  resulte d i n a  20-30 % reductio n o f  erro r  rates . 
Thes e dat a sugges t  tha t  th e diagnosti c tas k ma y b e strongl y 
influence d b y recal l  o f  prio r  instance s o f  a  category . 

DISCUSSION 

In these data the traditional indices of category structure 
-  typicalit y an d averag e ite m difficulty ,  ar e roughl y constan t 
ove r  a  larg e rang e o f  accuracy .  We conclud e tha t  th e improvemen t 
ove r  th e rang e o f  expertis e observe d i n thi s stud y i s no t  a 
matte r  o f  learnin g item s i n orde r  o f  difficult y o r  learnin g mor e 
appropriat e weight s fo r  th e essentia l  symptom s an d signs .  I n 
othe r  words ,  thes e dat a ar e incompatibl e wit h a n independen t  cue s 
interpretatio n o f  acguisitio n o f  expertise .  I n fact ,  th e 
observe d constan t  proportionalit y rule s ou t  an y mode l  tha t 
determine s typicality ,  averag e ite m difficulty ,  an d improvabl e 
erro r  b y th e sam e information . 

This finding also provides difficulty for stable 
instance-base d model s o f  categorizatio n (e.g .  Hintzma n 1986 , 
Brooks ,  1978) ,  whic h woul d hypothesiz e constan t  availabilit y  o f 
prio r  instance s o f  a  category ,  sinc e i n thi s vie w th e exper t  ha s 
availabl e a  relativel y stabl e arra y o f  prio r  instance s o f  a 
category ,  an d diagnosi s i s conducte d b y a  compariso n o f 
similarit y t o availabl e instances .  Th e difficult y o f  thi s mode l 
i s tha t  ther e shoul d b e man y mor e typica l  instance s availabl e t o 
th e exper t  fo r  similarit y judgement ,  thu s exper t  performanc e 
shoul d b e proportionatel y highe r  o n typica l  an d eas y slides . 

By contrast, although the data suggest a role of prior 
instance s i n expertise ,  wha t  make s a  previou s instanc e availabl e 
i s no t  jus t  a  fixe d se t  o f  features ,  bu t  contextua l  informatio n 
relatin g t o ho w a  prio r  instanc e wa s processed .  Previou s item s i n 
encountere d i n th e sam e contex t  ar e mor e availabl e the n item s 
processe d i n a  differen t  contex t  (Godde n an d Baddeley ,  1975) . 
Similarly,item s treate d i n a  simila r  manne r  ar e mor e availabl e 
tha n thos e processe d differentl y (Cerma k an d Craik ,  1979) . 

How could this kind of variability in the availability of 
prio r  instance s provid e a n explanatio n o f  th e observe d data ? I f 
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access to prior instances is context-dependent this could affect 
overal l  performanc e withou t  necessaril y  changin g th e relativ e 
diff icult y o f  typica l  an d atypical ,  eas y an d har d items .  Fo r 
example ,  th e previou s occurrenc e o f  particula r  diagnose s i n a 
serie s ma y resul t  i n th e increase d availabilit y  o f  tha t  category , 
henc e a  diagnosti c bias .  A  secon d possibilit y  i s  tha t  certai n 
contextua l  factors ,  suc h a s th e locatio n o f  th e lesio n o r  th e 
physica l  appearanc e o f  th e patien t  migh t  resul t  i n bia s i n favou r 
of  a  particula r  diagnosi s an d resul t  i n error s whic h ar e 
unrelate d t o objectiv e categorization s suc h a s difficult y o r 
typicality .  Th e contributio n o f  suc h erro r  factor s coul d b e 
expecte d t o declin e wit h increasin g expertise . 

Obviously, we are not claiming that there is no such thing 
as "independen t  cues "  knowledg e o f  th e feature s o f  particula r 
diseases ,  o r  tha t  suc h knowledg e i s irrelevan t  t o expertise . 
Rather ,  thes e dat a constitut e a  cas e i n whic h ther e i s massiv e 
improvemen t  tha t  i s  independen t  o f  suc h knowledge .  I t  i s 
entirel y possibl e tha t  th e acquisitio n o f  th e basi c definitional , 
"independen t  cues "  typ e o f  knowledg e i s restricte d t o th e initia l 
stage s o f  learning ,  an d th e substantia l  chang e whil e obtainin g 
practica l  experienc e i s du e t o th e retrieva l  factor s jus t 
discussed .  We furthe r  conjectur e tha t  thes e finding s migh t  b e a 
common featur e o f  an y fiel d i n whic h th e challeng e i s t o 
recogniz e an y o f  a  larg e numbe r  o f  disorder s occurrin g i n a  mixe d 
series .  Perhap s i n a  mixe d serie s th e effec t  o f  difficult y o f  a n 
i te m i s smal l  b y compariso n t o th e effec t  o f  processin g 
variation s induce d b y th e serie s itself .  I f  so ,  the n th e 
emphasi s i n trainin g i n suc h area s shoul d b e o n providin g 
practic e wit h mixe d serie s an d wit h emphasizin g t o th e learner s 
th e importanc e o f  mixe d practic e fo r  developin g expertise . 
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