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T h e Cognitiv e Basi s fo r  th e Desig n o f  a  M a m m o g r a p h y 

Interpretatio n Tu to r 

Roger Azevedo (azevedo@andrew.cmu.edu) 
Departmen t  o f  Psychology ;  Carnegi e Mello n Universit y 

Pittsburgh ,  P A 1521 3 U S A 

S u s a n n e P .  Lajoi e (lajoie@education.mcgill.ca ) 

McGil l  University ;  Applie d Cognitiv e Scienc e Researc h Group ;  370 0 McTavis h Street ,  B 1 9 9 

Montreal ,  Quebec ,  H 3 A 1Y2 ,  Canad a 

Abstrac t 

The purpose of this paper is to present a cognltively-based and 
empirically-derive d approac h fo r  th e desig n o f  th e RadTutor ,  a 
prototyp e computerize d tuto r  t o trai n radiolog y resident s i n 
diagnosin g mammograms exhibitin g breas t  diseases .  A 
muhitud e o f  computer-base d radiolog y trainin g environment s 
hav e recentl y bee n develope d wit h th e objectiv e o f  supportin g 
th e acquisitio n o f  radiologica l  expertise .  I n general ,  however , 
thes e system s hav e faile d i n severa l  aspect s includin g a  failur e 
t o incorporat e theoretica l  perspective s an d empirica l  findings 
t o th e desig n o f  thes e systems .  Thi s pape r  outline s th e 
conceptua l  framewor k fo r  th e developmen t  o f  th e prototyp e 
whic h includes ;  (1 )  a  discussio n o f  th e objective s an d goal s o f 
th e radiolog y residenc y trainin g program ,  (2 )  a  revie w an d 
critiqu e o f  existin g computer-base d radiolog y trainin g 
environments ,  (3 )  a  synthesi s o f  a n expert-novic e stud y aime d 
at  attainin g a  cognitiv e mode l  o f  proble m solvin g i n 
mammogram interpretatio n (Azevedo ,  1997) ,  (4 )  a  descriptio n 
of  th e result s o f  analyse s o f  authenti c radiolog y residen t 
teachin g rounds ,  an d (5 )  derivin g instructiona l  principle s fo r 
th e desig n o f  th e mammograph y tutor . 

Introduction 

Radiological expertise is complex, involving several years of 

acquirin g formalize d medica l  knowledg e a s wel l  a s m a n y 

year s o f  clinica l  experience .  I t  involve s th e integratio n o f 

severa l  distinc t  bodie s o f  knowledg e wit h separat e organizin g 

principles ,  includin g physiology ,  anatomy ,  pathophysiology , 

and projectiv e geometr y o f  radiography .  Variou s theoretica l 
frameworks  postulat e tha t  th e attainmen t  o f  accurat e visua l 

diagnosti c reasonin g abilitie s involve s th e interactio n o f 

cognitiv e an d perceptua l  factors . 

Thi s sectio n outline s th e cognitively-base d an d 

empirically-derive d conceptua l  framework  fo r  th e 
developmen t  o f  th e RadTutor ,  a  prototyp e computerize d 

tutorin g syste m t o trai n resident s t o interpre t  m a m m o g r a m s. 
Th e conceptua l  framework  incorporate s th e result s o f  a 

recen t  cognitiv e stud y o f  m a m m o g r a m interpretatio n 
(Azevedo ,  1997 )  includin g th e cognitiv e mode l  o f 

m a m m o g r am interpretation ,  th e proble m solvin g strategie s 
use d b y staf f  radiologist s an d radiolog y residents ,  an d th e 

typica l  case-relate d errors .  Furthermore ,  th e framework  i s 

als o base d on :  (1 )  a n assessmen t  o f  th e stat e o f  cognitiv e 

scienc e an d learnin g i n medicine ,  (1 )  a  critica l  assessmen t 
of  th e haphazar d natur e o f  radiolog y residenc y trainin g 

programs ,  (2 )  a  revie w an d critiqu e o f  existin g computer -

base d radiolog y trainin g environments ,  (3 )  a n analysi s o f 

authenti c radiolog y residen t  teachin g rounds ,  an d (4 ) 

instructiona l  principle s fo r  th e desig n o f  th e 
m a m m o g r a p hy tutor . 

Residency Training Program in Radiology 

The primary goal of the diagnostic radiology training 

progra m a t  McGil l  Universit y i s t o produc e well-rounde d 

genera l  radiologist s w h o hav e bee n expose d t o al l  aspect s 

of  subspecialt y trainin g (e.g. ,  m a m m o g r a p h y )  an d hav e 

develope d familiarit y wit h al l  o f  th e imagin g technique s 

(e.g. ,  M R I )  an d procedures .  Becomin g a  well-rounde d 

genera l  radiologis t  necessitate s a  thoroug h knowledg e o f 

th e relevan t  anatomy ,  physiolog y an d patholog y a s wel l 

as th e essential s o f  medicin e an d surgery .  Radiatio n 

physic s an d biolog y mus t  b e wel l  understoo d s o tha t  th e 

principle s ca n b e applie d t o everyda y practice . 

Radiolog y residenc y program s hav e traditionall y 

involve d a n apprenticeshi p experience ,  a s hav e othe r 

medica l  educatio n programs .  Thi s approac h involve s 

centerin g learnin g o n th e patien t  s o tha t  he/sh e become s 
th e foca l  poin t  o f  al l  educational ,  trainin g an d researc h 

activities .  Th e realisti c constraint s o f  th e multitud e o f 

patients ,  variabilit y o f  diseases/disorders ,  an d th e 

complexitie s o f  treatment s an d diagnose s leav e littl e tim e 

fo r  additiona l  activitie s i n a  bus y teachin g hospital .  Th e 
goa l  o f  th e residenc y trainin g progra m i s t o expos e 

resident s t o a  muhitud e o f  pertinen t  learning ,  trainin g an d 

researc h activitie s aime d a t  fosterin g th e acquisitio n o f 
radiologica l  expertise .  Thes e activitie s includ e annua l 

researc h days ,  conferences ,  forma l  lectures ,  an d 
presentation s wit h visitin g professors ,  round s an d 

reportin g sessions .  Competenc e i s develope d an d refine d 

i n instructiona l  activitie s throughou t  th e five-yea r 
residenc y trainin g program .  Ther e i s  howeve r  severa l 

problem s associate d wit h th e residenc y trainin g program , 
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whic h pos e challenge s fo r  th e desig n o f  a  computer-base d 

trainin g environment . 

I n general ,  radiolog y residenc y trainin g i s somewha t 

haphazard .  Fo r  example ,  teachin g round s var y i n th e (1 ) 

materia l  taught ,  (2 )  qualit y o f  presentatio n b y individua l 

radiolog y staf f  members ,  (3 )  participatio n o f  resident s durin g 

eac h session ,  (4 )  quantit y o f  trainin g experiences ,  (5 )  qualit y 

of  trainin g experiences ,  an d (6 )  tim e tha t  staf f  radiologist s 

hav e a t  thei r  disposa l  fo r  preparin g t o teac h i n round s an d 

lectures .  Lastly ,  th e instructiona l  objective s delineate d i n th e 

resident s trainin g manua l  ar e to o genera l  an d thu s hampe r 

any attempt s a t  a  formalize d trainin g progra m an d als o limi t 

th e objectiv e assessmen t  o f  residents '  skills .  Fo r  example , 

one o f  th e objective s fo r  a  4 *  yea r  radiolog y residen t  i s t o 

"hav e achieve d diagnosti c an d clinica l  skill s  a t  th e leve l  o f  a 

qualifie d genera l  radiologist. "  Thi s extremel y broa d 

objectiv e no t  onl y lead s t o difficult y i n assessin g thes e skill s 

but  als o i n term s o f  designin g a  computer-base d trainin g 

environment .  Overall ,  thi s lead s t o a n enormou s amoun t  o f 

inconsistenc y i n th e trainin g o f  radiolog y resident s an d 
therefor e affect s th e adequat e acquisitio n o f  radiologica l 

expertise . 

Computerized Tutors for Radiology Training 

The problem of inconsistency in radiology residency training 

program s ha s recentl y bee n addresse d b y th e widesprea d 
proliferatio n an d disseminatio n o f  computer-base d trainin g 

programs .  However ,  thes e system s typicall y suffe r  from 
some majo r  instructiona l  deficit s (fo r  a n extensiv e revie w o f 

thes e instructiona l  issue s refe r  t o Azevedo ,  Lajoie , 
Desaulniers ,  Fleiszer ,  &  Bret ,  1997) .  A  multitud e o f 

computer-base d radiolog y trainin g environment s ha s recentl y 
been develope d wit h th e objectiv e o f  supportin g th e 
acquisitio n o f  radiologica l  expertise .  I n general ,  thes e 
system s hav e faile d t o reac h thi s objectiv e sinc e they :  (1 ) 

lac k a  theoretica l  framework  incorporatin g th e empirica l 
evidenc e from  cognitiv e skil l  acquisition ,  medica l  cognitio n 
and radiologica l  expertise ,  (2 )  ar e no t  base d o n adequat e 
model s o f  learnin g an d instruction ,  (3 )  represen t  technology -
drive n project s employin g variou s CB I  typologie s (e.g. , 

branchin g CBI ,  multimedia ,  hypermedia ,  an d W W W ),  (4 )  ar e 

base d o n compariso n studie s o f  learnin g effectivenes s 
(betwee n computerize d instructio n an d traditiona l  lecture s o r 
severa l  C B I  typologies )  whic h lac k bot h methodologica l  an d 

statistica l  rigor ,  (5 )  fai l  t o includ e th e result s o f  authenti c 
analyse s o f  discours e durin g teachin g rounds ,  (6 )  adop t 
behaviora l  objectives ,  instructiona l  method s (e.g. ,  linea r 
tutorials) ,  assessmen t  technique s (e.g. ,  multipl e choice )  an d 
remediatio n (e.g. ,  canne d feedbac k messages) ,  an d (7 )  fai l 
t o incorporat e th e compute r  environment s int o existin g 
medica l  curricula .  Thi s sectio n present s th e theoreticall y an d 
empirically-derive d computer-base d radiolog y trainin g 
environment s documente d i n th e literature . 

I n recen t  year s ther e ha s bee n a  genera l  increas e i n interes t 
i n th e applicatio n o f  intelligen t  tutorin g system s (ITSs )  i n th e 
are a o f  medica l  training .  Th e rational e fo r  computer-base d 

instructio n i s base d o n th e assumptio n tha t  th e learner' s 

cognitiv e processe s ca n b e modeled ,  traced ,  an d correcte d 

i n th e contex t  o f  problem-solvin g (Anderson ,  Corbett , 

Koedinger ,  &  Pelletier ,  1995 ;  Lajoie ,  i n press) .  I n recen t 

years ,  severa l  ITS s hav e bee n develope d fo r  radiolog y 

training . 

Example s includ e th e C T Brai n Tuto r  fo r  trainin g 

radiolog y resident s t o diagnos e brai n tumor s from  C T 

scan s (Macura ,  Macura ,  Toro ,  Binet ,  &  Trueblood ,  1994) , 

and a  tuto r  fo r  trainin g radiolog y resident s t o diagnos e 
neurologica l  M R I  image s (Sharpies ,  duBoulay ,  Teather , 

Teather ,  Jeffre y &  duBoulay ,  1995) .  Th e extensiv e wor k 

of  Sharpie s an d colleague s (Sharpies ,  1991 ;  Sharpies , 

duBoulay ,  Teather ,  Teather ,  Jeffre y &  duBoulay ,  1994 )  i n 
developin g th e C T an d M R I  tutor s focuse s o n account s o f 

professiona l  practic e an d skil l  developmen t  an d h o w thes e 

issue s influenc e th e desig n o f  thei r  tutors .  The y hav e use d 

statistically-base d principle s an d a  structure d imag e 

descriptio n languag e fo r  teachin g radiologica l  imag e 

interpretatio n an d th e diagnosi s o f  cerebra l  diseases .  Thei r 

approac h t o visua l  concep t  tutorin g i s base d o n groupin g 

exemplars .  Thei r  tutorin g approac h facilitate s th e novic e 

t o exper t  transitio n b y assistin g th e resident s i n th e 

progressio n from  visua l  t o structura l  schema s (facilitatin g 
rapi d patter n matching )  an d therefor e ensurin g transfe r  o f 
skill s  an d learning .  Lastly ,  thei r  tutor s ai m a t  trainin g 

radiologist s t o vie w an d describ e image s i n a  systemati c 
manner . 

Mor e recently ,  Roger s (1995 )  develope d th e V I A - R A D 

tuto r  base d o n extensiv e analyse s o f  verba l  protocol s 

obtaine d from  staf f  an d radiolog y residents .  Th e tuto r  i s 
base d o n th e integratio n o f  computer-displaye d 
radiologica l  image s wit h cooperativ e computerize d 
assistanc e fo r  decision-making .  Th e V I A - R A D syste m i s 

a blackboard-base d architecture ,  founde d o n extensiv e 
dat a collectio n an d analysi s i n th e domai n o f  diagnosti c 

radiology ,  togethe r  wit h cognitiv e modelin g o f  th e 
interactio n betwee n perceptio n an d problem-solving .  A 

smal l  prototyp e o f  th e syste m ha s bee n implemente d an d 
teste d wit h radiolog y professionals . 

I n sum ,  thes e ITS s ar e base d o n cognitiv e scienc e 
principle s o f  expertis e developmen t  an d incorporat e 
tutorin g intervention s an d tutoria l  dialogue s tha t  ar e base d 

on analyse s o f  huma n interactions .  A s such ,  a n IT S 
approac h woul d offe r  consistenc y an d standardizatio n i n 
th e trainin g o f  m a m m o g r a m interpretation .  Therefore ,  thi s 

sectio n present s a  cognitively-base d an d empirically -
derive d approac h fo r  th e desig n o f  th e RadTutor ,  a 
computerize d tuto r  fo r  trainin g radiolog y resident s t o 

diagnos e breas t  disease s from  m a m m o g r a m s. 

The Nature of Radiological Expertise 

Numerous researchers employing disparate theoretical 

and empirica l  paradigm s hav e investigate d radiologica l 
expertise .  Thre e basi c "paradigms "  tha t  hav e bee n applie d 
widel y are :  (1 )  searc h studie s whic h investigat e ey e 
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movement  pattern s whil e expert s an d novice s rea d x-ra y 

films ,  (2 )  signal-detectio n studie s whic h investigat e th e 

abilit y  o f  novice s an d expert s t o detec t  norma l  an d abnorma l 

fil m fmdings ,  an d (3 )  cognitiv e researc h aime d a t  elicitin g 

th e underlyin g cognitiv e an d perceptua l  factor s involve d i n 

radiologica l  expertise .  Relativel y fe w studie s (Azevedo , 

1997 ;  Faremo ,  1997 ;  Lesgold ,  Rubinson ,  Feltovich ,  Glaser , 

Klopfer ,  &  W a n g ,  1988 ;  Rogers ,  1996 )  hav e actuall y 

investigate d th e underlyin g cognitiv e an d perceptua l  factor s 

involve d i n radiologica l  diagnosis .  A s a  result ,  a  fundamenta l 

understandin g o f  th e constitutio n an d acquisitio n o f  expertis e 

i n othe r  radiologica l  sub-specialtie s suc h a s mammograph y 

has ye t  t o b e determined .  Th e followin g sectio n present s a 

brie f  overvie w o f  a  recen t  stud y i n m a m m o g r a m 

interpretatio n an d present s th e majo r  findings . 

A Cognitive Study of Mammogram Interpretation 

A recent study by Azevedo (1997) examined the problem 

solvin g strategie s use d b y staf f  radiologist s an d radiolog y 

resident s durin g th e interpretatio n o f  difficul t  m a m m o g r a m s. 

Ten radiologist s an d te n resident s diagnose d 1 0 case s unde r 

tw o experimenta l  condition s (authenti c an d augmented) .  I n 

th e authenti c condition ,  standar d unmarke d m a m m o g r a ms 

wer e used .  Mammographi c finding s wer e highlighte d o n a 

secon d se t  o f  th e sam e case s fo r  th e augmente d condition . 

Verba l  protocol s wer e analyze d an d reveale d tha t 

m a m m o g r a p hy interpretatio n wa s characterize d b y a 

predominan t  us e o f  data-drive n o r  mixed-strategie s 

dependin g o n cas e typicalit y an d clinica l  experience . 

Repeate d measure s A N O V As reveale d tha t  th e radiologist s 

scanne d th e case s significantl y faste r  tha n th e residents .  N o 

grou p difference s wer e foun d i n th e numbe r  o f  radiologica l 

findings ,  radiologica l  observations ,  an d numbe r  o f  diagnose s 

acros s experimenta l  conditions .  Frequenc y analyse s reveale d 
tha t  regardles s o f  experimenta l  conditio n bot h group s (a ) 

use d th e sam e type s o f  operators ,  contro l  processes , 

diagnosti c plans ,  (b)  committe d th e sam e numbe r  o f  errors , 

and (c )  committe d case-dependen t  errors .  Overall ,  th e fac t 
tha t  fe w difference s wer e foun d betwee n th e group s o n th e 

variou s measure s m a y b e du e t o th e fac t  tha t  m a m m o g r a m 

interpretatio n i s a  well-constraine d visua l  cognitiv e task . 

Implications for the Design of the RadTutor The results of 

thi s stud y hav e serve d a s on e sourc e o f  empirica l  basi s fo r  th e 

desig n o f  th e RadTutor .  Th e followin g i s a  brie f  discussio n a s 

t o h o w th e result s hav e bee n incorporate d int o th e RadTutor . 
The conten t  analyse s o f  th e area s o f  breas t  diseas e an d 

m a m m o g r a p hy hav e bee n use d t o construc t  th e domai n 

knowledg e modul e o f  th e prototyp e a s a  serie s o f  productio n 

rules .  Th e cognitiv e tas k analyse s base d o n extensiv e 

interview s wit h th e domai n exper t  wer e use d t o develo p th e 

overal l  instructiona l  sequencin g fo r  eac h cas e an d t o buil d th e 
system' s exper t  module . 

Th e cognitiv e mode l  characterizin g m a m m o g r a m 

interpretatio n consistin g o f  7  step s serve d a s th e overal l 

instructiona l  sequencin g fo r  th e system .  Thes e step s include : 

(a )  readin g a  clinica l  history ,  (b)  placin g a  se t  o f 

m a m m o g r a ms o n a  viewbo x an d identifyin g individua l 

m a m m o g r a ms i n th e set ,  (c )  visuall y inspectin g eac h o f 

th e m a m m o g r a ms eithe r  wit h o r  withou t  th e us e o f  a 

magnifyin g glass ,  (d )  identifyin g mammographi c fmding s 

and observations ,  (e )  characterizin g mammographi c 

findings  an d observations ,  (f )  providin g a  defmitiv e 

diagnosi s o r  a  se t  o f  differentia l  diagnoses ,  an d (g ) 

specifyin g subsequen t  examinations .  I n addition ,  th e 

syste m i s capabl e o f  determinin g i f  th e use r  i s employin g 

a data-drive n and/o r  a  mixe d proble m solvin g strategy . 

Th e syste m monitor s th e evolutio n o f  th e user' s proble m 

solvin g behavio r  (durin g th e resolutio n o f  a  case )  an d 

predict s i f  he/sh e i s engage d i n on e o r  th e othe r  proble m 

solvin g strategies .  Thi s aspec t  o f  th e prototyp e i s 

extremel y critica l  i n identifyin g error s an d providin g th e 

appropriat e leve l  o f  scaffolding . 

The proble m solvin g operator s use d b y bot h staf f  an d 

resident s indicate d tha t  bot h group s mad e extensiv e us e 

( 7 6 % o f  th e time )  o f  4  particula r  operator s (dat a 

examination ,  dat a acquisition ,  dat a exploration ,  an d 

hypothesi s generation) .  Thi s informatio n wa s use d 

primaril y i n th e desig n o f  th e differen t  level s o f 

instructiona l  scaffoldin g an d interface .  Fo r  example ,  dat a 

acquisition ,  examination ,  an d exploratio n mean t  tha t  th e 

interfac e wa s buil d t o displa y th e cas e histor y (dat a 

acquisition )  an d se t  o f  m a m m o g r a ms (dat a acquisition ) 

and allo w th e use r  t o manipulat e th e image s fo r  bette r 

featur e characterizatio n o r  compariso n (dat a exploration) . 

Similarly ,  th e syste m provide s extensiv e instructiona l 

scaffoldin g durin g th e hypothesi s generatio n phas e t o 

ensur e tha t  th e use r  ha s propose d th e appropriat e leve l  o f 

hypothesi s (e.g. ,  malignan t  versu s infiltratin g ducta l 

carcinoma) . 

The verba l  protocol s analyse s indicate d tha t  diagnosti c 

plannin g (i.e. ,  propos e furthe r  medica l  examinations )  wa s 

th e mos t  frequen t  contro l  proces s use d b y th e subjects .  A s 

suc h th e interfac e wa s buil t  s o a s t o allo w th e use r  t o lis t 

mor e tha n on e medica l  examination .  Thi s aspec t  o f  th e 

prototyp e i s associate d wit h a n extensiv e discussio n o f  th e 

benefit s associate d wit h eac h subsequen t  examination . 

The erro r  analyse s reveale d five  type s o f  error s 

including : 
(1)  a  perceptua l  detectio n erro r  (failur e t o detec t  a 

mammographi c fmding) , 
(2)  a  finding  mischaracterizatio n erro r  (incorrec t 

characterizatio n o f  a  mammographi c fmding) , 
(3 )  a  n o diagnosi s erro r  (detection ,  correc t 

identification ,  an d characterizatio n o f  a 

mammographi c fmdin g bu t  a  failur e t o mak e a 

diagnosis ) 
(4)  a  wron g diagnosi s erro r  (detection ,  correc t 

identification ,  an d characterizatio n o f  a 

mammographi c fmdin g bu t  proposin g a  wron g 
diagnosis) ,  an d 

(5)  a  w ron g recommendatio n erro r  (correc t  detectio n 

and characterizatio n o f  a  mammographi c fmding . 
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and proposin g a  diagnosi s a t  som e leve l  o f  abstraction , 

but  proposin g a n inappropriat e subsequen t 

examination) . 

Each typ e o f  erro r  i s  presentl y bein g formalize d a s a 

productio n rul e an d i s  integrate d i n th e exper t  module . 

Furthermore ,  eac h erro r  typ e i s als o associate d wit h a  specifi c 

instructiona l  scaffoldin g strategy .  Fo r  example ,  a  finding 

mischaracterizatio n erro r  i s associate d wit h a n instructiona l 

strateg y tha t  focuse s th e user' s attentio n o n th e par t  o f  a 

mammographi c finding  whic h wa s mischaracterize d (e.g. ,  th e 

borde r  o f  a  mass) . 

The proces s o f  identifyin g erro r  commissio n i s facilitate d 

by th e fac t  tha t  th e analyse s indicate d error s t o b e case -

dependent .  Fo r  example ,  case s wit h atypica l  mammographi c 
manifestation s ar e highl y likel y t o produc e a  finding 

mischaracterizatio n error . 

Analyses of the Radiology Teaching Rounds: 

Elicitin g T e a c h i n g Strategie s 

/Exper t 

( Rl 

R M LO 
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The tutorin g strategie s an d level s o f  instructiona l  scaffoldin g 

adopte d i n th e prototyp e ar e als o base d o n th e authenti c 
analyse s o f  radiolog y teachin g round s (Azevedo ,  Lajoie , 
Desaulniers ,  &  Bret ,  1996) .  Thes e analyse s examine d th e 

diagnosti c proble m solvin g processe s an d teachin g 

methodologie s employe d b y a  staf f  radiologis t  teachin g si x 
resident s durin g tw o one-hou r  m a m m o g r a p h y rounds . 

However ,  thi s sectio n focuse s specificall y o n th e discours e 
analyse s o f  th e teachin g method s use d b y th e staf f  radiologis t 

durin g th e m a m m o g r a p h y teachin g rounds . 
The topographica l  vie w o f  a  typica l  teachin g roun d i n 

mammography i s illustrate d i n Figur e 1 .  A  roun d i s typicall y 

comprise d o f  a n exper t  (staf f  radiologis t  i n charg e o f  th e 
round) ,  resident s (denote d b y th e circle s -  number s indicat e 

residenc y level) ,  a  residen t  w h o i s solvin g a  cas e (e.g. ,  R3 ) , 
and a  se t  o f  m a m m o g r a ms displaye d o n th e viewbo x 
(includin g th e mediolatera l  [ M L O ]  an d cephalocauda l  [CC ] 

view s o f  th e lef t  an d righ t  breasts) .  Th e tw o arrow s represen t 
th e directionalit y o f  th e discours e tha t  wa s analyzed .  Th e first 

arro w indicate s R 3 solvin g th e cas e tha t  i s presente d o n th e 
viewbox .  Th e secon d bi-directiona l  arro w indicate s th e (1 ) 
pedagogica l  strategie s tha t  th e staf f  radiologis t  use d t o 

suppor t  th e resident' s diagnosti c proble m solvin g an d (2 )  th e 
resident' s reques t  fo r  variou s level s o f  suppor t  fro m th e staf f 
radiologist .  Th e result s o f  th e analyse s ar e presente d below . 

The teachin g method s used  b y th e staf f  radiologis t  durin g 
th e breas t  diseas e round s includin g coaching ,  scaffoldin g an d 
fading ,  an d articulatio n (simila r  t o th e teachin g method s 

advocate d b y th e proponent s o f  cognitiv e apprenticeship )  ar e 
presentl y bein g incorporate d int o th e RadTutor . 
Occasionally ,  th e radiologis t  woul d als o provid e coachin g 
and support .  I n th e cas e o f  intermediat e residents ,  th e 
radiologis t  woul d provid e scaffoldin g durin g th e diagnosti c 

proces s i n th e for m o f  hints ,  redirectin g thei r  viewin g 

Figur e 1 .  A  topographica l  vie w o f  a  typica l  radiolog y 
teachin g round . 

process, and subsequently fading all instructional support 
when th e residen t  demonstrate d th e capabilit y t o pursu e 

th e tas k o n his/he r  own .  I n th e RadTutor ,  coachin g an d 

hint s ar e provide d throug h tex t  messages ,  pop-u p tex t 

messages ,  an d highlightin g o f  mammograph i c findings 
and observations .  I n addition ,  multipl e level s o f 

instructiona l  scaffoldin g hav e als o bee n delineate d base d 
on th e result s o f  th e dissertatio n an d interview s wit h th e 
exper t  staf f  radiologist .  Th e finest  illustration s o f 

articulatio n wer e observe d whe n th e radiologis t 
externalize d he r  reasonin g proces s beginnin g wit h th e 

assignmen t  o f  probabilitie s t o pathologica l  features , 
followe d b y th e systemati c eliminatio n o f  competin g 
differentia l  diagnose s unti l  th e definitiv e diagnosi s wa s 
achieved .  Thi s teachin g metho d wa s especiall y valuabl e 

sinc e al l  resident s m a y potentiall y  benefi t  fro m th e 
extemalizatio n o f  th e expert' s  diagnosti c proble m solving . 

I n th e RadTutor ,  articulatio n i s  bein g implemente d b y 
usin g digitize d vide o clip s o f  th e exper t  staf f  radiologis t 
diagnosin g a  cas e whil e th e tutorin g syste m highlight s th e 
mammographi c findings  an d observation s o n th e digitize d 
m a m m o g r a m s. 

I n summary ,  thi s sectio n ha s presente d a  cognitively -
base d an d empirically-derive d approac h fo r  th e desig n o f 
th e RadTutor .  Th e desig n approac h i s  base d o n (1 ) 

Azevedo' s (1997 )  stud y o f  proble m solvin g i n 
m a m m o g r am interpretatio n an d (2 )  th e tutorin g strategie s 
elicite d durin g radiolog y teachin g rounds . 
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Br idg in g th e G a p :  Der iv in g Instructiona l  Principle s 

f r o m Cognit iv e Scienc e a n d Empir ica l  Studie s 

The following section delineates instructional principles 

derive d b y integratin g th e empirica l  researc h o n medica l 

cognition ,  radiologica l  expertise ,  m a m m o g r a m interpretation , 

and analyse s o f  radiolog y rounds .  Th e successfu l  integratio n 

of  thes e severa l  source s o f  evidenc e ar e critica l  t o th e desig n 

of  a  theoretically-base d an d empirically-derive d prototyp e fo r 

trainin g bot h resident s an d staf f  radiologist s i n th e 

interpretatio n o f  m a m m o g r a m s.  Eac h o f  th e fou r  instructiona l 

principle s posite d i s supporte d b y existin g theoretica l  an d 
empirica l  evidenc e describe d previousl y i n thi s paper .  Th e 

instructiona l  principle s incorporate d i n th e m a m m o g r a m 

interpretatio n prototyp e includ e th e principle s o f  (1 ) 

multiplicity ,  (2 )  activeness ,  (3 )  accommodatio n an d 

adaptation ,  an d (4 )  authenticit y (fo r  a n extensiv e overvie w o f 

some o f  thes e principle s fo r  supportin g computer-supporte d 

problem-base d learnin g se e Koschmann ,  Kelson ,  Feltovic h & 

Barrows ,  1996) . 

Th e principl e o f  multiplicit y i s base d o n th e concep t  tha t 

knowledg e i s complex ,  context-sensitive ,  inter-relate d an d 

thu s instructio n shoul d promot e multipl e perspectives , 

representation s an d strategies .  Tlii s  principl e i s base d o n th e 
theor y o f  cognitiv e flexibilit y  (Spiro ,  Feltovich ,  Jacobson ,  & 

Coulson ,  1991 )  i n medicin e tha t  emphasize s th e us e o f 

multipl e knowledg e representation s an d repeate d exposur e t o 

instructiona l  content .  Accordin g t o thi s principle ,  singl e 

menta l  representation s an d unitar y learnin g approache s ar e 

insufficien t  fo r  (1 )  capturin g th e natur e o f  comple x 

instructiona l  material s an d (2 )  knowledg e applicatio n i n ill -

structure d domain s (suc h a s radiology) .  A  recen t  stud y 

examinin g th e effectivenes s o f  hypermedi a versu s traditiona l 

lecture s i n radiolog y ha s demonstrate d th e us e o f  multipl e 

knowledg e representation s throug h th e us e o f  text ,  digitize d 
vide o clip s an d animation s o f  radiolog y physic s concept s d o 

facilitat e learnin g an d knowledg e applicatio n (Shaw , 

Azeved o &  Bret ,  1995) .  Th e RadTuto r  provide s th e residen t 

wit h a  stoc k o f  breas t  diseas e case s tha t  ca n b e accesse d i n a 

structure d manne r  accordin g t o diagnosti c categories ,  specifi c 
mammograph i c manifestation s (i.e. ,  fmding s an d 

observations) ,  an d relevan t  clinica l  histor y cues . 

Th e principl e o f  activenes s i s base d o n th e concep t  tha t 
learnin g i s a n activ e process ,  requirin g menta l  constructio n 

and manipulatio n o f  th e subsymboli c (e.g. ,  gray-scal e 

densitie s exhibite d o n m a m m o g r a m s)  an d symboli c 
representation s (e.g. ,  clinica l  finding s exhibite d o n 

m a m m o g r a ms an d relevan t  clinica l  histor y fmdings )  tha t 

compris e th e tas k environment .  Therefore ,  instructio n foster s 
knowledg e constructio n throug h problem-solvin g activitie s 

tha t  lea d t o th e developmen t  o f  skil l  acquisition .  Thi s 

principl e reflect s th e natur e o f  learnin g through  activ e 
constructio n o f  knowledg e facilitate d b y problem-solvin g 
activities .  Effectiv e instructiona l  method s shoul d promot e 

planning ,  reasoning ,  goal-directe d problem-solving ,  an d 

reflection .  Thi s principl e reflect s th e empirica l  finding s i n th e 

area s o f  cognitiv e skil l  acquisitio n (VanLehn ,  1996 )  an d th e 

developmen t  o f  expertis e (Ericsso n &  Chamess ,  1997 ; 

Ericsso n & .  Lehmann ,  1996) .  I n th e RadTutor ,  instructio n 

foster s knowledg e constructio n throug h meaningfu l 

problem-solvin g activitie s tha t  facilitat e skil l  acquisitio n 

and th e developmen t  o f  expertise . 

The principl e o f  accommodat io n an d adaptatio n i s 

base d o n th e concep t  tha t  th e learnin g proces s i s t o a  larg e 

degre e affecte d b y th e exten t  o f  th e learner' s existin g 

knowledge .  A s such ,  instructio n facilitate s adaptabilit y  b y 

buildin g upo n th e learner' s existin g knowledge , 

monitorin g learne r  progres s an d rectifyin g 

misconception s whe n the y arise ,  an d fosterin g th e 

developmen t  o f  metacognitiv e skills .  A  rule-base d 

domai n knowledg e modul e an d a  studen t  modelin g 

approac h ar e presentl y bein g considere d base d o n th e 

well-constraine d natur e o f  th e domai n o f  mammography . 

The principl e o f  authenticit y i s base d o n th e concep t 

tha t  learnin g i s sensitiv e t o contextua l  factors ,  whic h 

determin e th e usabilit y  o f  wha t  i s learned ,  an d th e exten t 

of  skil l  transfer .  Therefore ,  instructio n shoul d provid e 

learnin g activitie s tha t  ar e require d i n th e domain ,  tha t  ar e 

value d i n th e real-worl d context ,  an d tha t  emulat e th e 

real-worl d environmen t  a s muc h a s possible .  Thi s 

principl e reflect s th e recen t  claim s b y advocate s o f 
situate d cognitio n (Greeno ,  1998 )  regardin g th e nee d t o 

stud y th e contextua l  an d situationa l  aspect s o f  th e 

cognitiv e phenomen a bein g studied .  I n th e RadTutor ,  th e 

problem-solvin g activitie s resembl e wha t  i s routinel y 

encountere d i n a  resident' s wor k environment .  Fo r 

example ,  i t  provide s th e tool s typicall y use d t o solv e 

m a m m o g r am case s (suc h a s a  magnifyin g glas s an d a 

rule r  t o measur e masse s an d lesions) . 

Conclusion 

This paper outlined the cognitively-based and 

empirically-derive d conceptua l  fi-amework  fo r  th e 
developmen t  o f  th e RadTutor ,  a  prototyp e computerize d 

tuto r  t o trai n radiolog y resident s i n diagnosin g 

m a m m o g r a m s.  Th e conceptua l  framewor k i s base d o n th e 

result s of :  (1 )  a  recen t  cognitiv e stud y o f  m a m m o g r a m 
interpretatio n (includin g th e cognitiv e mode l  o f 

m a m m o g r am interpretation ,  th e proble m solvin g 

strategie s use d b y staf f  radiologist s an d radiolog y 

residents ,  an d th e typica l  case-relate d errors) ,  (2 )  a  critica l 

assessmen t  o f  th e haphazar d natur e o f  radiolog y residenc y 

trainin g programs ,  (3 )  a  revie w an d critiqu e o f  existin g 

computer-base d radiolog y trainin g environments ,  (4 )  a n 

analysi s o f  authenti c radiolog y residen t  teachin g rounds , 
and (5 )  instructiona l  principle s fo r  th e desig n o f  th e 
m a m m o g r a p hy tutor . 
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