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M o d e l i n g Cogn i t i v e Flexibilit y  o f  S u p e r  E x p e r t s 

i n Radiologica l  D iagnos i s 

Eric Raufaste (raufaste@univ-tlse2.fr) 
Laboratoir e Travai l  e t  Cognition ;  Universit y d e Toulous e l e Mirai l 

3105 8 Toulous e Cedex ;  Franc e 

Abstrac t 

The paper presents theoretical propositions for modeling the 
exper t  radiologist .  Th e proposition s ar e twofold .  First ,  a  basi c 
model  i s give n t o complemen t  a  recen t  connectionis t  symboli c 
framewor k (Raufaste ,  Eyrolle ,  &  Marine ,  1998) .  Empirica l 
dat a hav e showe d dissociatio n betwee n tw o kind s o f  expert s 
("basic "  an d "super" )  wit h regar d t o cognitiv e flexibility .  Th e 
differenc e i s conceive d a s a  kin d o f  perseveratio n i n basi c 
experts .  Hence ,  th e basi c mode l  wa s combine d wit h a 
Supervisorv '  Attentiona l  System  (Norma n &  Shallice ,  1986 ) 
int o a n "extende d model" .  A n analysi s o f  cognitiv e activit y i s 
the n presente d withi n thi s framework ,  alon g wit h a  ne w 
theoretica l  explanatio n o f  cognitiv e flexibility . 

Modeling the expert radiologist 

The Need for a Connectionist-Symbolic Approach 

A well-documente d abilit y i n exper t  physician s i s  earl y 
selectio n o f  pertinen t  diagnosti c hypothese s (Elstein , 

Schulma n &  Sprafka ,  1978) .  I n radiology ,  perceptua l 
processe s hav e a  dramati c importanc e (Lesgol d e t  al. ,  1981) . 

However ,  a  searc h tim e stud y suggeste d th e existenc e o f 
tw o components ,  th e earlie r  rapid ,  an d th e latte r  slo w 
(Christense n e t  al. ,  1981) .  I t  ha s bee n propose d tha t  a 
"visua l  concept "  shape s perceptio n (Kunde l  &  Nodine , 
1983) .  Hence ,  th e firs t  componen t  migh t  b e mor e plausibl y 
describe d b y a  connectionis t  approach .  Bu t  medica l 

diagnosi s i s a  comple x tas k tha t  require s a  lo t  o f  deliberat e 
reasoning ,  s o i t  seem s als o necessar y t o hav e a  symboli c 
layer .  Empirically ,  Lesgol d e t  al .  (1988 )  foun d a 
nonmonotoni c performanc e curv e o n som e films :  Novice s 
(1 -  an d 2-yea r  resident s i n radiology )  sometime s performe d 
bette r  tha n intermediate s (3 -  an d 4-yea r  resident s i n 
radiology) .  Expert s performe d th e best .  T o explai n thi s 

nonmonotonicity ,  th e author s propose d a  three-stag e 
framework .  I n th e firs t  stage ,  novice s woul d acquir e basi c 
subsymboli c abilitie s suc h a s recognizin g th e norma l 
anatom y o n th e film.  O n a  secon d stage ,  intermediate s 
woul d develo p "cognitive "  (i.e. ,  symbolic )  abilities .  Fo r 
some cases ,  however ,  th e cognitiv e processin g woul d 
conflic t  wit h previousl y develope d perceptua l  processing , 
resultin g i n a  decrease d performance .  I n experts ,  cognitiv e 
processin g woul d hav e reache d it s plai n developmen t  s o tha t 
conflic t  n o longe r  spoil s performance .  Thus ,  a 
connectionist-symboli c approac h (Holyoak ,  1991 )  seeme d 
t o b e appropriat e fo r  modelin g diagnosis . 

Basi c a n d supe r  expert s 

I n thei r  experiments ,  Lesgol d e t  al .  use d exper t  radiologist s 

w ho wer e recognize d a s "outstanding "  b y peers .  Bu t  onl y a 
fe w radiologist s becom e outstanding .  Moreover ,  suc h 

radiologist s ofte n hav e professiona l  attribution s tha t  ar e 

substantiall y  differen t  fro m "normal "  radiologists .  Thes e 
attribution s induc e mor e "deliberat e practice "  (Ericsson , 

Krampe ,  &  Tesh-Romer ,  1993 )  an d mor e symboli c 
reasoning .  I n a  recen t  stud y o f  expertis e i n radiologica l 
diagnosis ,  Raufaste ,  Eyrolle ,  an d Marin e (1998 )  calle d 
"basi c experts "  th e c o m m o n radiolog y practitioners ,  an d 

"supe r  experts "  th e outstandin g radiologists .  Th e distinctio n 
appeare d t o b e empiricall y fruitfu l  an d allowe d u s t o 
reinterpre t  classica l  result s b y Lesgol d e t  al .  (1988) . 

Raufast e e t  al .  teste d a  framewor k tha t  wa s initiall y  devise d 
t o accoun t  fo r  bot h subsymboli c an d symboli c aspect s o f 
medica l  reasoning .  Sinc e subsymboli c an d symboli c 
processe s ar e integrated ,  the y shoul d no t  generat e a  conflict . 
Hence ,  ther e shoul d no t  b e nonmonotonicity .  W e foun d tha t 
performanc e curve s o n typica l  feature s wa s monotonicall y 

increasin g fro m novice s t o basi c experts .  I n contrast , 
performanc e curve s o n atypica l  feature s wa s monotonicall y 
decreasin g fro m novice s t o basi c experts .  Suc h a  resu h wa s 
i n accor d wit h ou r  framework .  However ,  supe r  expert s 

exhibite d severa l  feature s tha t  could  no t  ste m fro m ou r 
model .  I n particular ,  the y alway s ha d a  bette r  performanc e 
tha n th e othe r  groups ,  eve n o n atypica l  features .  Thi s 
replicate d th e apparen t  non-monotonicit y i n th e result s o f 
Lesgol d e t  al .  (1988 )  an d showe d a  dramati c distinctio n 
betwee n basic -  an d super-expertise :  th e forme r  i s 
accompanie d wit h growin g dependenc e o n automati c 

processe s wherea s th e latte r  allow s a  bette r  independenc e 
fro m automatisms .  A  ke y poin t  her e i s th e fac t  tha t  supe r 

expert s wer e bette r  tha n basi c expert s a t  detectin g a n 
inconspicuou s featur e tha t  coul d no t  b e awaite d fro m th e 
hypothese s associate d wit h salien t  features .  Suc h a n effec t 
coul d no t  b e attribute d t o bette r  perceptua l  abilitie s bu t 
rathe r  t o a  bette r  cognitiv e flexibilit y  i n supe r  experts . 

Th e presen t  pape r  propose s a n extensio n o f  th e initia l 
framewor k i n orde r  t o mode l  cognitiv e flexibilit y i n supe r 
experts .  Afte r  a  n e w formulatio n o f  th e model ,  a  ne w leve l 

i s  adde d i n th e model .  A n origina l  analysi s o f  cognitiv e 
activit y i s  conducte d an d explanator y mechanism s ar e 
proposed . 
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T h e basi c m o d e l :  a  n e w formulat io n 

The initia l  mode l  ha d t o accoun t  fo r  previousl y know n 
result s abou t  genera l  expertis e (e.g. ,  Lesgol d e t  al ,  198S ) 
and fo r  wha t  w e calle d pertinenc e generation ,  tha t  i s ih c 

acquisitio n throug h experienc e -an d th e use ,  o f  th e abilit y  t o 

selec t  rapidl y pertinen t  hypotheses .  W e presen t  her e a 

refine d versio n o f  th e model :  Th e basi c model .  Th e basi c 

model  i s grounde d o n th e concep t  o f  Long-Ter m Working -
Memory,  tha t  is ,  W - M i s viewe d a s a  mor e activate d par t  o f 
L T M (Anderson ,  1983 ,  Ericsso n &  Kintsch ,  1995) . 

Schemas.  Categories ,  calle d schemata ,  ma y b e represente d 

at  tw o levels :  The y ma y b e symbol s (i n th e sens e o f  Hinton , 

1990 )  and/o r  the y ma y b e pattern s tha t  ar e distribute d withi n 
subsymboli c networks .  A  symbo l  ma y o r  no t  b e associate d 
wit h a  subsymboli c pattern .  A  subsymboli c patter n ma y o r 
not  b e associate d wit h a  symbol . 

Activatin g Attentio n postulate :  an y symbo l  i n Workin g 
Memory i s a  sourc e o f  activation .  Althoug h restricte d t o a 
singl e symbol ,  a  simila r  postulat e ca n b e foun d i n Collin s 
and Loftu s (1975) . 

Inferences and Reasoning. Inferences in the basic model 
may occu r  throug h tw o distinc t  processes .  Th e first  i s 
spreadin g activatio n fro m a  nod e t o anothe r  node .  Fo r 
example ,  i f  a  radiologis t  detect s a  cue ,  th e correspondin g 
visua l  patter n lend s activatio n t o it s symbo l  (e.g. ,  a  specifi c 
syndrome )  an d activatio n ca n sprea d toward s th e symbol s o f 
th e pathologie s tha t  ar e associate d wit h th e syndrome .  Th e 
secon d proces s i s activatio n o f  a  productio n rul e i n 
procedura l  memory .  W e defin e a  foca l  threshol d a s th e 
quantit y o f  activatio n tha t  a  symbo l  mus t  reac h fo r  bein g 
consciousl y processed :  A  categor y ca n b e symbolicall y 
processe d (e.g .  verball y reported )  onl y i f  i t  i s  associate d 
wit h a  symbo l  whos e acfivatio n i s abov e th e foca l  threshold . 

As consciou s attentio n work s wit h limite d resources ,  a 
plausibl e mechanis m fo r  conflic t  resolutio n i s a  competitio n 
base d o n th e leve l  o f  activatio n (e.g. ,  "contentio n 
scheduling" ,  Norma n &  Shallice ,  1986) .  Thus ,  w e ad d a 
new postulate : 
Captivatin g Activatio n postulate :  th e mos t  activate d 
symbol s ten d t o obtai n th e focu s o f  attention . 

Thos e premise s entai l  severa l  interestin g consequences : 
(1 )  a  distribute d patter n tha t  wa s implicitl y  acquire d canno t 
be symbolicall y processe d unti l  i t  ha s bee n associate d wit h a 
symbol .  (2 )  W h e n th e activatio n o f  a  categor y increases ,  it s 
probabilit y  t o b e symbolicall y processe d als o increases .  (3 ) 
I f  th e symbo l  o f  a  categor y i s inhibited ,  it s  probabilit y  o f 
bein g symbolicall y processe d decreases .  (4 )  Throug h 
consciou s call ,  activatio n ma y sprea d from a  symbo l  t o a n 
associate d subsymboli c pattern .  Thus ,  som e "substance "  ca n 
be give n t o abstrac t  concepts .  Reciprocally ,  (5 )  activatio n 
may sprea d t o a  symbo l  fro m a  distribute d patter n tha t  wa s 
activate d b y environmenta l  stimuli .  (6 )  Th e consciou s 
representatio n ca n b e define d a s th e se t  o f  categorie s havin g 
a symbo l  whos e activatio n i s abov e th e foca l  threshold . 

Initia l  Learnin g an d Effect s o f  Experience .  Th e basi c 

model  i s essentiall y  a  spreading-activatio n mode l  o f 

memory.  Consciou s processin g take s plac e a t  th e symboli c 
leve l  an d ca n initiall y  generat e theoretica l  knowledg e b y 

creatin g node s (canonica l  schemata )  i n th e network ,  an d 

link s (canonica l  links )  betwee n th e nodes .  I n ou r  view , 

experienc e ha s tw o mai n effects .  Th e first  effec t  i s  th e 

classica l  vie w o f  connectionis t  networks :  acquirin g ne w 
node s and/o r  ne w links ;  modifyin g th e strength s o f  th e link s 
and th e base-level s o f  th e nodes .  Th e secon d effec t  i s  t o 

complemen t  th e knowledg e bas e wit h example s tha t  ar e 
encode d i n episodi c memory .  I n othe r  words ,  declarativ e 

knowledg e acquire d throug h Universit y learning ,  consUtute s 

a pre-structure d networ k o f  canonica l  schemat a an d 
canonica l  link s aroun d whic h furthe r  subsymboli c 
acquisition s wil l  b e arranged .  Indeed ,  symboli c reasonin g 

may stil l  creat e ne w node s an d link s afte r  th e medica l 
degre e cours e i s over ,  throug h furthe r  reading ,  reflectio n o n 
th e result s o f  actions ,  an d s o on.. . 

L o w accessibilit y  postulate :  withou t  reinforcement s from 
experience ,  th e wea k accessibilit y  o f  symbol s onl y allow s a 
deliberat e acces s t o canonica l  schemata . 

Thi s postulat e explain s wh y sometime s novice s wer e 
foun d no t  t o us e knowledg e whic h the y hav e (Custers , 
Boshuizen ,  &  Schmidt ,  1996) .  Unti l  th e lin k betwee n 
symbol s an d subsymboli c backgroun d become s enoug h 
strengthene d b y experience ,  onl y deliberat e reasonin g ma y 
trigge r  a  schema .  Fo r  example ,  a  novic e detect s a n abnorma l 
featur e o n a  film  bu t  doe s no t  kno w ho w t o evok e patholog y 
from  th e feature .  Th e pathology ,  however ,  ma y b e activate d 
by a  procedura l  rul e whos e actio n par t  provide s activatio n t o 
it s symbol .  Th e mor e th e subjec t  encounter s simultaneousl y 
a contex t  an d a  symbol ,  th e mor e th e lin k betwee n bot h i s 
strengthene d an d th e mor e furthe r  encounterin g o f  th e 
contex t  wil l  automaticall y activat e th e symbol .  Thus ,  wit h 
experience ,  rule-base d reasonin g i s replace d b y spreadin g 
activation .  Fro m th e sam e context ,  th e exper t  wil l  b e abl e t o 
activat e mor e symbol s wit h mor e link s betwee n them ,  tha t 
is ,  t o generat e a  riche r  representation .  Du e t o latera l 
inhibitio n effects ,  pertinen t  symbol s wil l  receiv e mor e 
activatio n from  th e contex t  and ,  therefore ,  ar e mor e likel y t o 
wi n th e competitio n fo r  attentiona l  resources .  Hence , 
becaus e the y ar e mor e integrated ,  exper t  representation s 
shoul d als o b e mor e pertinent .  Becaus e th e representatio n i s 
richer ,  comple x production s rule s ma y als o b e triggere d an d 
so comple x reasonin g als o become s availabl e i n experts . 

Basically ,  ou r  result s a s wel l  a s th e literatur e fit  th e 
model .  However ,  on e resul t  wa s clearl y no t  i n agreemen t 
wit h th e basi c model ,  eve n i n it s curren t  form . 

A reduced SOS phenomenon in Super Experts 

The Satisfactio n o f  Searc h phenomeno n (SOS ,  Berbau m e t 
al. ,  1990 )  i s a  well-know n effec t  i n th e literatur e abou t 
observe r  performanc e i n radiology :  a n inconspicuou s 
featur e (e.g. ,  a  lun g nodule )  ha s a  lowe r  probabilit y  t o b e 
detecte d whe n th e film  als o present s wit h a  mor e salien t 
unrelate d feature .  B y itself ,  thi s phenomeno n i s clearl y 
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"predicted "  b y th e basi c model :  (1 )  th e mos t  salien t  Icature s 

naturall y receiv e firs t  th e focu s o f  attention .  (2 )  Du e t o 

spreadin g activation ,  th e symbol s tha t  ar c strongl y 

associate d wit h thi s initia l  contex t  receiv e mor e activatio n 

othe r  symbols ;  (3 )  Du e t o th e captivatin g attentio n postulate , 

thos e symbol s ar e reinforce d b y consciou s attentio n an d (4 ) 
the y becom e activatio n sources .  Fro m thi s moment ,  the y 

contro l  behavior ,  an d rule s tha t  relai c t o thos e symbol s ar e 
mor e likel y t o fire.  I n particular ,  rule s fo r  hypothesi s testin g 

wil l  lea d furthe r  exploratio n o f  th e film ,  an d feature s tha t  ar e 

non-directl y relevan t  t o thos e hypothese s ma y b e missed .  A s 

th e mode l  predicted ,  th e S O S phenomeno n increase d wit h 

basi c expertise ,  fro m novice s t o basi c experts .  I n novices , 
S OS i s reduce d b y th e lowe r  strengt h o f  th e link s betwee n 
subsymboli c contex t  an d symbols .  Indeed ,  othe r  cause s fo r 

rigidifyin g effect s ma y b e foun d (e.g. ,  Feltovich ,  Spir o & 

Coulson ,  1997) .  O n som e cases ,  however ,  supe r  expert s 

avoide d th e S O S phenomenon .  Thi s i s clearl y no t 
compatibl e wit h th e basi c mode l  becaus e the y shoul d hav e 

bee n eve n mor e subjec t  t o S O S tha n basi c experts .  On e 
migh t  sugges t  tha t  the y migh t  hav e a  bette r  visua l  abilit y 
but  a n eye-recordin g stud y showe d tha t  cognitiv e processe s 

wer e responsibl e fo r  th e S O S phenomeno n (Samue l  e t  al. , 
1995) :  mos t  misse d nodules  wer e fixate d an d erroneousl y 
categorize d a s variant s o f  normal .  Structura l  propertie s o f 
specifi c  knowledg e canno t  accoun t  fo r  th e S O S 
phenomeno n becaus e th e sam e diagnostician s d o detec t  th e 
same nodules  whe n n o independen t  salien t  featur e i s 

present .  Becaus e neithe r  perceptua l  abilitie s no r  specifi c 
knowledg e ca n b e responsibl e fo r  th e bette r  performanc e w e 

observe d i n supe r  experts ,  w e nee d t o tur n t o genera l 
mechanism s o f  control .  Thus ,  w e nee d t o exten d th e basi c 
model . 

An Extended Model of Expertise 

Fro m a  neuropsychologica l  standpoint ,  i t  ha s bee n argue d 
tha t  a n activation-base d competitio n betwee n schemat a i s 
not  sufficien t  t o mode l  a  norma l  huma n subject .  I t  ca n onl y 
model  a  patien t  wit h prefronta l  lesion s (e.g. ,  Shallic e & 
Burgess ,  1993) .  I n ou r  attemp t  t o mode l  basi c an d supe r 
expertise ,  i t  seem s interestin g t o vie w th e S O S phenomeno n 
as a  particula r  cas e o f  perseveration .  I n suc h a  view ,  a  majo r 

differenc e betwee n basic -  an d super-expertis e i s th e relativ e 
weigh t  o f  th e specific-knowledg e base .  Basi c expert s ma y 
be modele d b y a  contention-schedulin g proces s i n a 

knowledg e bas e wherea s modelin g supe r  expert s requires ,  i n 
addition ,  th e existenc e o f  a n instanc e tha t  modulate s 
contention-scheduling .  W e adop t  here ,  th e concep t  o f 

Supervisor y Attentiona l  Syste m {SAS ,  Norma n &  Shallice , 
1986) . 

Addin g a  modulatio n proces s t o th e basi c mode l  i s no t 
sufficien t  b y itsel f  t o explai n super-exper t  flexibility:  W e 

als o nee d t o mode l  cognitiv e activity .  First ,  w e cal l  menta l 
stat e (Smolensky ,  1988 )  a  particula r  patter n o f  activatio n i n 
th e network .  W e cal l  cognitiv e flow  th e sequenc e o f  menta l 
states .  N o w ,  attentiona l  contro l  ha s a  heav y cognitiv e cost . 

Therefore ,  th e S A S i s no t  expecte d t o functio n activel y 

withou t  a  goo d reason .  W e conside r  tha t  th e S A S ma y b e i n 

tw o states :  (1 )  W e cal l  interventio n th e stat e wher e th e SA S 

activel y modifie s th e cours e o f  contentio n scheduling .  (2 )  I n 

contrast ,  w e cal l  surve y th e stat e durin g whic h th e S A S i s 

not  active .  W e cal l  natura l  flow  th e cognitiv e flow  whe n th e 

S AS i s i n a  surve y position .  Thus ,  th e cognitiv e flow  ca n b e 

analyze d a s a  sequenc e o f  natura l  flows  which ,  sometimes , 
i s interrupte d b y S A S intervention s (Figur e 1) .  Natura l  flow 

sequence s ar e guide d b y th e procedura l  schemat a associate d 

wit h th e dominan t  declarativ e schem a (i.e. ,  onl y th e rule s 
tha t  ar e associate d wit h thi s schem a ar e activate d enoug h t o 

fire). 
Withi n suc h a n analysis ,  tw o question s mus t  b e solved : 

(1 )  H o w ar e th e S A S intervention s triggered ? an d (2 )  H o w 
do intervention s wor k ?  T o answe r  thos e questions ,  an d i n 

additio n t o th e previou s descriptiv e approac h t o cognitiv e 

activity ,  w e nee d a  genera l  principl e tha t  orient s th e activity : 

Principl e o f  coherenc e maximizing :  Cognitiv e activit y i s 

intende d t o maximiz e th e overal l  coherenc e o f  th e cognitiv e 
system .  A t  a  symboli c level ,  th e principl e give s th e 

orientatio n o f  cognitiv e activity .  A t  a  subsymboli c level ,  th e 
principl e enable s computatio n i n neura l  net s (fo r 

justifications ,  se e Thagard ,  198 9 an d relate d works) . 

How are interventions triggered? Because of their 
importanc e i n dail y activity ,  fo r  bot h expert s an d ordinar y 
people ,  w e expec t  intervention s t o b e a  ver y low-leve l 

process .  Becaus e cognitiv e flexibility  seem s t o diffe r  fro m 
basi c t o supe r  experts ,  an d becaus e th e tw o kind s o f  expert s 
mainl y diffe r  b y thei r  dail y activity ,  w e assum e tha t  th e low -

leve l  procedur e ca n b e triggere d b y procedura l  schemat a 
whic h ca n b e learned : 

We define a raptor as a schema that operates a 
categorizatio n o n menta l  state s an d tha t  activate s a  low-leve l 
procedur e o f  interventio n o n th e cognitiv e flow.  Becaus e o f 
th e maximizin g coherenc e principle ,  ruptor s shoul d tak e a s 
inpu t  a  kin d o f  informatio n tha t  embodie s a n estimat e o f  th e 
overal l  (and/o r  local )  coherenc e o f  th e network .  Fo r 
example ,  detectin g a  deadloc k i s a  goo d reaso n fo r 
triggerin g a n interventio n (Se e Holyoak ,  1991) . 

With regard to the specific problem of basic and super 
expertise ,  w e mus t  als o justif y h o w intervention s explai n 
why supe r  expert s ar e les s pron e t o th e S O S phenomenon . 
The concep t  o f  rupto r  provide s a  simpl e explanatio n i n 
term s o f  differentia l  interventio n triggering . 

Becaus e ruptor s ar e schemas ,  the y ar e subjec t  t o th e 
contention-schedulin g process .  Thi s explain s wh y a  basi c 

exper t  become s mor e an d mor e dependen t  o n automatisms . 
As th e automatism s becom e mor e efficient ,  the y ar e mor e 
likel y t o wi n th e competition .  Wit h experienc e the y ar e 
mor e an d mor e refine d s o deadlock s becom e sparse .  Finally , 
becaus e basi c exper t  dail y activit y doe s no t  includ e muc h 

deliberat e practice ,  ruptor s ar e no t  systematicall y trained . 
Thus ,  wit h experience ,  Basi c expertis e tend s t o b e mor e an d 
mor e i n agreemen t  wit h th e basi c mode l  becaus e th e weigh t 
of  th e S A S i s continuousl y decreasing . 
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Figur e 1  :  A n analysi s o f  th e flow  o f  cognitiv e operation s 

_ I n supe r  experts ,  dail y activit y i s accompanie d wit h 
much mor e explici t  reasoning .  A s researchers ,  the y hav e t o 
make thei r  reasonin g explici t  i n orde r  t o publish ,  wherea s 
basi c expert s onl y hav e t o provid e a  diagnosis .  A s teacher s 
of  internists ,  the y hav e t o justif y thei r  reasoning ,  t o mak e 
thei r  implici t  inference s explicit .  I n addition ,  supe r  expert s 
ar e ofte n calle d fo r  diagnosin g thos e case s tha t  wer e deeme d 
to o muc h difficul t  b y othe r  radiologists .  Fo r  al l  thos e 
reasons ,  the y ar e traine d t o commi t  hig h level s o f  attentio n 
i n diagnosis .  The y ar e mor e familia r  wit h th e fac t  tha t 
automatism s ma y lea d t o wron g solutions .  Th e factor s tha t 
favo r  cognitiv e flexibilit y  (Fo r  a  review ,  se e Feltovic h e t  al. , 
1997 )  ar e construe d i n th e extende d mode l  a s generatin g an d 
trainin g ne w ruptors .  Supe r  expert' s  S A S s ar e mor e traine d 
t o interven e an d thei r  ruptor s probabl y hav e a  highe r  base -
leve l  tha n basi c exper t  ruptors .  Thu s w e ma y expec t  the m t o 
be mor e independen t  from  automatism s tha n basi c experts . 

Now, we have a basis for an explanation of the difference 
betwee n basic -  an d super-expert s wit h regar d t o cognitiv e 
flexibility .  Nevertheless ,  fo r  th e explanatio n t o b e complete , 
we shoul d b e abl e t o explai n h o w a n interventio n ma y 
reduc e th e likelihoo d o f  th e S O S phenomenon . 

How interventions work? The SOS phenomenon can be 
regarde d a s a  kin d o f  perseveratio n induce d b y a  positiv e 
feedbac k loop .  Thi s loo p result s fro m t o th e combinatio n o f 
captivatin g activatio n an d activatin g attentio n postulates . 
Then,  t o avoi d th e S O S ,  intervention s mus t  b e abl e t o brea k 
th e loop .  A s w e state d earlier ,  intervention s ar e expecte d t o 
be a  low-leve l  process .  I n ou r  analysis ,  intervention s ar e 
shor t  action s fro m th e S A S .  Afte r  th e intervention ,  ne w 
schemat a ca n gai n th e contro l  ove r  th e cognitiv e flow . 
Hence,  a  minima l  actio n o f  th e S A S i s t o inhibi t  th e curren t 
dominatin g schem a (se e McCarth y &  Warrington ,  1990 )  s o 
tha t  a  ne w sequenc e o f  natura l  flo w ca n begin .  Mor e 
sophisticate d explanation s base d o n concept s lik e Harmon y 
Optimizatio n (Smolensky ,  1986 )  ca n b e foun d i n th e theor y 
of  stochasti c neura l  nets .  However ,  the y ar e beyon d th e 
scop e o f  th e presen t  paper . 

A P r e l i m i n a r y T e s t  o f  t h e E x t e n d e d M o d e l 

A complet e tes t  o f  th e extende d mode l  i s no t  ou t  o f  reach , 
but  i t  require s suc h method s a s eye-movemen t  recordin g 
becaus e i n orde r  t o observ e a  rea l  S O S phenomenon ,  on e 
has t o ensur e tha t  th e critica l  cu e wa s actuall y seen .  W e jus t 
want  t o verif y th e plausibilit y  o f  th e mai n ide a o f  th e 
model—th e S O S phenomeno n migh t  b e relate d t o a  sligh t 
for m o f  perseveration ,  whic h accompanie s basi c expertis e 
and ca n b e avoide d i n supe r  expert s b y S A S interventions . 

I f  th e explanatio n w e propose d i s correct ,  w e shoul d b e 
abl e t o find  som e trace s o f  intervention s i n verba l  protocols . 
I n particular ,  w e shoul d b e abl e t o find  mor e intervention s i n 
supe r  expert s tha n i n basi c experts . 

Wit h regar d t o novice s an d intermediates ,  a  lo t  o f  explici t 
reasoning ,  an d eve n o f  deliberat e practic e (Ericsso n e t  al. , 
1993 )  i s likel y becaus e the y hav e t o acquir e a  vas t  specifi c 
knowledge-bas e withi n fe w years .  Moreover ,  the y ar e 
traine d t o lear n becaus e befor e bein g internist s i n a 
specialty ,  lik e radiology ,  the y wer e selecte d amon g th e bes t 
student s i n genera l  medicin e courses .  Nevertheless ,  a s thei r 
specifi c  knowledge-bas e grows ,  the y shoul d depen d mor e 
on automatism s an d les s o n genera l  mechanism s suc h a s 
weak heuristic s an d S A S interventions .  Onl y th e fe w w h o 
wil l  som e da y becom e supe r  expert s ca n b e expecte d t o 
maintai n a  hig h leve l  o f  deliberat e activity .  A s a 
consequence ,  w e ca n expec t  a  monotonel y decreasin g curv e 
i n th e numbe r  o f  intervention s fro m novice s t o basi c 
experts ,  an d a  highe r  numbe r  o f  intervention s i n supe r 
expert s tha n i n basi c experts . 

The nex t  questio n i s h o w ca n w e measur e interventions ? 
The mai n consequenc e o f  intervention s i s t o chang e th e 
schema tha t  guide s th e reasonin g process .  Therefore ,  w e ca n 
trac e thos e change s i n verba l  protocols .  W e cal l  lin e o f 
though t  th e verba l  trac e o f  a  sequenc e o f  natura l  flow. A 
sequenc e o f  natura l  flow  i s no t  observable ,  wherea s a  lin e o f 
though t  ca n b e trace d i n th e verba l  protocols .  Th e basi c ide a 
behin d th e tes t  i s  tha t  intervention s chang e lin e o f  thought s 
and ,  therefore ,  tracin g th e change s i n th e lin e o f  thought s 
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giv e som e indication s o n th e numbe r  o f  interventions . 

However ,  no t  onl y intervention s chang e line s o f  thought : 

Th e dominatin g schem a ca n b e inhibite d becaus e a  crucia l 

n e w informatio n give s a  stron g positiv e suppor t  t o a 

concurren t  hypothesi s o r  a  stron g negativ e suppor t  t o th e 

dominan t  schema .  I n othe r  words ,  w e shoul d no t  coun t  a s 

intervention s th e change s tha t  ca n b e attribute d t o a  ne w 

informatio n arrival .  Anothe r  importan t  facto r  i n th e change s 
i s th e us e o f  a  systemati c strateg y o f  exploration .  Radiolog y 

resident s ar e taugh t  t o explor e th e films  accordin g t o a 

topographica l  schem a tha t  enable s the m t o explor e 

systematicall y ever y importan t  zone .  Therefore ,  whe n a 
diagnosticia n use s suc h a  strategy ,  th e dominan t  schem a i s 

not  patholog y bu t  th e topographi c exploratio n schema . 
Henc e w e shoul d no t  coun t  change s i n th e dominan t  schem a 
tha t  ca n b e attribute d t o th e us e o f  suc h a  strategy . 

I n orde r  t o giv e a  preliminar y testin g o f  thes e ideas ,  th e 

verba l  protocol s tha t  wer e use d i n Raufast e e t  al .  (1998 ) 
wer e coded .  I t  shoul d b e note d tha t  th e ne w codin g wa s 

completel y independen t  an d differen t  from  th e origina l 
coding .  Thus ,  th e numbe r  o f  intervention s coul d b e obtaine d 

(Figur e 2) .  Th e tes t  involve d 8  novices ,  6  intermediates ,  4 
basi c experts ,  an d 4  supe r  experts . 
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Figur e 2 :  Intervention s a s a  functio n o f  expertis e 

As expected, one can observe a monotonic decrease in the 
curve :  Th e mea n numbe r  o f  intervention s i s  maxima l  i n 

novice s (5.38 ,  j j=3.16) ,  i t  decrease s d o w n t o 4.3 3 
(5 j  =  2.07 )  i n intermediates ,  t o 0.7 5 (j j  =  0.96 )  i n basi c 
experts .  Moreover ,  th e relatio n i s significan t  (F(2,i7 )  =  4.63 ; 
p =  .0135) .  Als o expected ,  wit h 3.7 5 intervention s o n 
averag e (s j  =  2.22) ,  th e mea n numbe r  o f  intervention s i s 
significantl y highe r  i n supe r  expert s tha n i n basi c expert s 
(t(6 )  =  -2,48 ;  p  =  .024) .  Th e grap h presente d i n Figur e 2  i s 
typicall y o f  th e sam e kin d a s th e grap h on e ca n dra w wit h 
regar d t o performanc e o n atypica l  cases . 

W h en examinin g th e whol e curv e o f  planed-triggering , 

whic h ca n b e produce d fro m th e fou r  groups ,  w e obtai n a 
significan t  decreasin g monotoni c relatio n (F(2,i7 )  =  5.684 ; 
p =  .006 )  rangin g fro m 3.6 3 isd = 1.85 )  i n novice s d o w n t o 
0.5 0 (s d =  0.58 )  i n supe r  experts .  Th e latte r  resul t  confirm s 

tha t  th e bette r  performanc e o f  supe r  expert s i n th e detectio n 
of  a n inconspicuou s featur e canno t  b e explaine d b y th e us e 
of  a  mor e systemati c exploratio n procedure . 

D iscuss io n 

The mode l  o f  cognitiv e flexibilit y  propose d her e shoul d b e 

considere d a s complementar y t o th e prescription s o f 
Cognitiv e Flexibilit y  Theor y (e.g. ,  Feltovic h e t  al. ,  1997) . 

Explainin g difference s betwee n basi c an d supe r  expert s 

migh t  als o hav e bee n approache d throug h Rasmussen' s 
model  o f  contro l  (e.g. ,  Olse n &  Rasmussen ,  1989 )  whic h 

construe s cognitiv e flexibility  i n term s o f  th e abilit y  t o adap t 

th e contro l  mod e (skill- ,  rule- ,  o r  knowledge-based )  t o th e 
specificit y o f  th e situation .  However ,  i f  a  radiologis t  devote s 

most  o f  hi s attentiona l  resource s t o a n abstrac t  reflection , 

th e contro l  i s  knowledge-base d wit h regar d t o th e reflectio n 

while ,  a t  th e sam e time ,  ther e i s  plac e fo r  a  skill-base d 

contro l  o f  th e tii m exploration .  Mor e generally ,  automate d 
processe s ca n operat e i n paralle l  t o attentiona l  processes . 
Hence ,  th e contro l  i s  no t  skill-base d only ,  rule-base d only , 

or  knowledge-base d only .  T o th e contrary ,  ou r  mode l  use s 
tw o mutuall y exclusiv e categories :  a  stat e o f  surve y an d a 

stat e o f  intervention .  I n man y respects ,  ou r  mode l  coul d 

als o b e compare d t o a  hybri d mode l  o f  abductio n lik e 
U E c ho (e.g .  W a n g ,  Johnson ,  &  Zhang ,  1997) .  I n a  recen t 
stud y (Raufast e &  D a Silva-Neves ,  1998) ,  basi c exper t 
radiologist s wer e foun d t o confor m t o Possibilit y  Theor y 

(Zadeh ,  1978 ;  Duboi s &  Prade ,  1988) .  UEcho ,  however ,  i s 

not  compatibl e wit h nonstandar d approaches ,  whic h requir e 
tw o measure s o f  uncertainty .  Ou r  model ,  i n contrast ,  i s 
compatibl e wit h thes e result s a s wel l  a s wit h result s i n th e 

literatur e wher e subject s ten d t o confor m t o bayesia n rule s 
of  reasonin g (Raufaste ,  D a Silva-Neves ,  &  Marine , 

submitte d manuscript) .  Moreover ,  UEch o combine s E C H O 
and th e S O A R architectur e wherea s ou r  mode l  resemble s a 
hybri d for m o f  th e A C T - R architectur e an d Norma n & 
Shallice '  theor y o f  action . 

This paper presented a refined version of a model of 

expertis e i n radiologica l  diagnosi s (Raufast e e t  al. ,  1998) . 
The mode l  i s n o w twofold .  Th e "basi c model "  embodie s th e 
previou s mode l  a s wel l  a s tw o ne w postulate s tha t  relat e t o 
attention .  I n it s curren t  version ,  i t  i s  sufficien t  t o mode l  th e 
basi c expert .  Th e pape r  als o presente d a n "extende d model" . 
I n additio n t o th e basi c model ,  i t  include s a  Supervisor y 

Attentiona l  Syste m (Norma n &  Shallice ,  1986 )  tha t 
account s fo r  supe r  expert' s  behavior .  Th e extende d mode l 
ca n accoun t  fo r  a  wid e rang e o f  result s abou t  radiologica l 
expertise .  Bein g withi n th e frame  o f  symboli c 

connectionism ,  i t  ha s th e potentia l  t o dea l  wit h purel y 
perceptua l  aspect s o f  diagnosi s a s wel l  a s attentiona l 
deliberat e reasoning .  Indeed ,  muc h wor k wil l  no w b e 
necessar y t o tes t  th e model .  I t  i s  expresse d i n a  genera l 
form ,  an d migh t  serv e fo r  man y othe r  domain s o f  expertise . 
Therefore ,  i t  coul d b e usefu l  t o an y researche r  w h o studie s 
abductiv e reasonin g and/o r  reflectiv e experts . 
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