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Abstrac t 

The purpose of this paper is to describe experimental work 
conducte d i n th e are a o f  diagnosti c radiology ,  wit h a n emphasi s 
on ho w perceptio n an d proble m solvin g interac t  i n thi s typ e 
of  task .  Thi s wor k wa s par t  o f  a  large r  projec t  whos e goal s 
include d th e developmen t  o f  a n infomiation-processin g mode l 
of  visua l  interaction ,  an d th e subsequen t  desig n o f  a n intelligen t 
cooperativ e assistan t  fo r  thi s domain . 
Verba l  protoco l  dat a wa s collecte d fro m eigh t  radiologist s (si x 
resident s an d tw o experts )  whil e the y examine d seve n differ -
ent  computer-displaye d ches t  x-rays .  A  brie f  overvie w o f  th e 
methodolog y an d analysi s technique s i s presented ,  togethe r 
wit h specifi c  result s fro m on e x-ra y case .  Mor e genera l  result s 
ar e the n discusse d i n th e framewor k o f  issue s importan t  t o th e 
late r  modeUn g effort . 

I n t r o d u c t i o n 

The curren t  tren d toward s telemedicin e diagnosi s ha s create d 
a nee d fo r  enhance d softwar e capabilitie s whic h no t  onl y en -
abl e high-spee d imag e transmission ,  bu t  whic h ca n als o sup -
por t  th e visua l  reasonin g neede d bot h a t  th e loca l  an d remot e 
sites .  Th e cognitiv e loa d stil l  remain s squarel y o n th e huma n 
expert' s  shoulder s w h o mus t  examin e thes e image s an d m a k e 
diagnosti c evaluations ,  ofte n withou t  th e benefi t  o f  an y fur -
the r  tools ,  an d wit h th e disadvantag e tha t  thes e image s m a y b e 
bot h spatially -  an d contrast-degrade d fro m th e origina l  film. 
The importanc e o f  A I  tool s t o suppor t  suc h activitie s i s there -
for e increasing .  However ,  i n orde r  t o buil d thes e tools ,  huma n 
capabilitie s i n thes e task s mus t  b e bette r  understood ,  an d thi s 
require s extensiv e cognitiv e stud y an d engineering . 

The stud y describe d i n thi s pape r  wa s par t  o f  a  large r  projec t 
whic h wa s conducte d i n collaboratio n wit h th e Radiolog y De -
partmen t  o f  Emor y Universit y Hospital .  Thi s projec t  ha d thre e 
majo r  goals :  1 )  t o explor e th e natur e o f  radiologica l  diagnosi s 
wit h a  vie w t o understandin g h o w perceptio n an d proble m 
solvin g exchang e informatio n i n thi s typ e o f  visua l  reasonin g 
task :  2 )  t o incorporat e thi s knowledg e int o a n information -
processin g typ e o f  mode l  o f  visua l  interaction ;  an d 3 )  t o uti -
liz e thi s cognitiv e foundation  fo r  th e desig n o f  a n intelligen t 
cooperativ e assistant .  Th e purpos e o f  thi s pape r  i s t o describ e 
some o f  th e initia l  experimenta l  work ,  an d t o sho w h o w i t  le d 
t o insight s abou t  visua l  reasonin g activities . 

Studie s o f  th e radiologica l  proces s hav e varie d fro m ey e 
movement  studie s (Kunde l  &  Nodine ,  1975) ,  t o task-relate d 
han d movement s (McNeil l  e t  al. ,  1988) ,  t o cognitiv e model -
in g studie s o f  expertis e involvin g think-alou d verba l  protocol s 
(Lesgol d e t  al. ,  1981) .  Whil e th e latte r  provide d th e stronges t 

methodologica l  guideline s fo r  th e stud y describe d i n thi s pa -
per ,  mor e emphasi s wa s place d o n th e rang e o f  novice-expei t 
performanc e rathe r  tha n o n th e differences .  Also ,  th e mai n 
par t  o f  thi s stud y utilize d digitize d computer-displaye d x-ra y 
image s rathe r  tha n films,  sinc e th e ultimat e goa l  o f  th e projec t 
was t o desig n a  computer-base d assistant .  A  preliminar y stud y 
on th e effect s o f  th e laborator y environmen t  an d th e comput -
erize d image s showe d n o noticeabl e impac t  o n th e subjects ' 
abilit y  t o perfor m diagnosi s (Rogers ,  1992) ,  an d therefor e th e 
nex t  phas e proceede d wit h mor e extensiv e think-alou d proto -
col  collection . 

Data Collection and Analysis 

T h e goa l  o f  th e verba l  protoco l  dat a collectio n wa s t o obtai n 
in-depth ,  detaile d dat a fro m th e subject s whil e the y wer e in -
terpretin g an d diagnosin g a  selectio n o f  computer-displaye d 
ches t  x-rays .  Eigh t  participant s wer e recruite d fro m th e 
E m o r y Universit y Hospita l  radiolog y program ,  an d include d 
tw o experts ,  plu s tw o eac h fro m second -  t o fourth-yea r  res -
idency .  Seve n case s wer e selecte d fo r  displa y an d include d 
on e norma l  ches t  x-ra y a s wel l  a s th e followin g abnormalities : 
lun g lesio n du e t o bronchogeni c carcinoma ,  hila r  adenopa -
thy ,  tuberculosis ,  lun g mas s wit h appearanc e o f  elevate d di -
aphragm ,  an d mitra l  stenosis .  Thre e o f  th e seve n image s ha d 
a briefcas e histor y associate d wit h them ,  an d th e image s wer e 
presente d i n th e Imagin g Science s laborator y a t  th e hospital . 

For  eac h case ,  th e subject s viewe d th e imag e a s lon g a s 
desired ,  whil e concurrentl y articulatin g thei r  thoughts .  W h e n 
examinatio n o f  th e imag e wa s completed ,  a  forma l  diagnos -
ti c repor t  wa s produced ,  an d eac h cas e wa s conclude d b y a 
set  o f  clarifyin g questions ,  subjec t  rating s fo r  imag e quality , 
confidenc e i n diagnosi s an d cas e difficulty ,  a s wel l  a s som e 
retrospectiv e question s fo r  archiva l  purposes .  Al l  seve n case s 
wer e complete d i n on e session ,  whic h wa s videotape d an d 
subsequentl y transcribed . 

I n th e analysi s o f  thi s data ,  th e focu s wa s primaril y o n th e 
function s o r  characteristi c action s tha t  coul d b e attribute d t o 
perception ,  proble m solving ,  an d th e interactio n betwee n th e 
two .  Therefore ,  th e first  goa l  wa s t o develo p a n appropriat e 
encodin g schem e whic h woul d enabl e thes e kind s o f  concept s 
t o b e extracte d fro m th e verba l  reports . 

A preliminar y tas k analysi s combine d som e o f  th e earlie r 
experimenta l  result s wit h Lesgold' s tas k descriptio n o f  radi -
ologica l  diagnosi s (Lesgol d e t  al. ,  1981 )  an d othe r  proble m 
solvin g concept s i n medica l  diagnosis .  A  subse t  o f  th e actua l 
protocol s (thre e o f  th e seve n cases )  wa s the n use d t o refin e 
thi s genera l  concep t  lis t  int o a  mor e comprehensiv e encodin g 
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Medica l  Concept s 
A n a t o m y Findin g Diagnosi s 
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Spatia l  Reference s 
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Figur e 1 :  Concep t  Categorie s o f  Encodin g Scheme . 
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Primar y Abnormalit y 

lX)Olt-AT (  ANATOMY) 
LOOK-AT(FINDINGl.l ) 
DESCRIBE(SIZE) 
DESCRIBE(EDGE) 
DESCRIBE(SHAPE).. . 

Secondar y Abnormalit y 

LOOK-AT(ANATOMY) 
SEEK(FrNDING2.1 ) 
NOT-FOUND(SEEK) 

Othe r  Concept s 

LOOK-AT(ANATOMY) 
CLASSIFY(NORMAL) 

Figur e 2 :  Exampl e o f  Contextua l  Encodin g o f  Statements . 

scheme ,  consistin g o f  thre e majo r  categorie s an d a  numbe r  o f 
mino r  categorie s a s show n i n Figur e 1 .  Thi s encodin g schem e 
was the n applie d t o al l  o f  th e remainin g thirty-tw o verba l 
protoco l  reports' .  Th e full y encode d protocol s wer e the n an -
alyze d wit h respec t  t o task-relate d an d time-relate d patterns , 
as show n i n Figur e 2 .  (Experience-relate d difference s wer e 
not  studie d a t  thi s time. ) 

I t  wa s foun d tha t  simila r  cluster s o f  concept s di d occu r  a t 
correspondin g time s fo r  particula r  cases ,  tha t  th e grouping s 
withi n th e cluster s o r  pattern s showe d tendencie s toward s per -
ceptua l  o r  proble m solvin g compositions ,  an d tha t  ther e ap -
peare d t o b e a n orderin g o f  activitie s i n th e movemen t  toward s 
a diagnosti c solution . 

A summar y o f  th e bronchogeni c carcinom a cas e i s n o w 
presente d togethe r  wit h th e expert' s  diagnosti c repor t  i n Fig -
ur e 3  t o illustrat e som e o f  th e feature s o f  th e analysi s process . 
Thi s cas e provide d th e richest  sourc e o f  informatio n du e t o 
th e perceptua l  feature s o f  th e imag e a s wel l  a s th e proble m 
solvin g complexitie s o f  th e diagnosi s itself . 

Figur e 4  show s th e subjects '  rating s o f  thi s cas e accordin g 
t o imag e quality ,  overal l  confidenc e i n diagnosis ,  an d cas e 
difficulty .  Th e imag e qualit y wa s considere d t o b e adequat e 
or  bette r  b y th e majorit y o f  th e subjects ,  an d therefor e thi s 
di d no t  see m t o impai r  th e examinatio n o f  th e case .  Thi s 
cas e wa s considere d t o b e challengin g b y five  o f  th e subjects , 
eve n thoug h th e overal l  averag e assessmen t  o f  difficult y fel l 
somewher e betwee n eas y an d challengin g (2.4/5.0) .  Over -
al l  confidenc e tende d t o b e fairl y  hig h (3.8/5.0 )  wit h onl y tw o 
subject s registerin g m e d i u m o r  lowe r  confidenc e i n thei r  diag -
noses .  (I n thi s cas e i t  wa s interestin g t o not e tha t  th e subjec t 
wit h th e lowes t  confidenc e als o ha d th e wors t  performanc e 

'A n independen t  observe r  wa s recruite d t o participat e i n a  relia -
bilit y  study .  Detail s ca n b e foun d i n (Rogers ,  1992 ) 

wit h respec t  t o noticin g th e critica l  secondar y abnormalit y 
and producin g a  correc t  diagnosis) . 

Almos t  al l  o f  th e subject s notice d an d labelle d th e abnor -
malit y i n th e lun g immediatel y upo n viewin g th e x-ra y image . 
Thi s abnormalit y wa s the n describe d b y differen t  descriptiv e 
and spatia l  feature s includin g (i n orde r  o f  frequency) :  size , 
horizonta l  localization ,  edge ,  vertica l  localization ,  shape ,  tex -
ture ,  out-of-plan e localizatio n an d configuration .  O n th e aver -
age ,  th e subject s mentione d si x o f  th e abov e categories ,  whic h 
m a de thi s typ e o f  finding  th e mos t  detaile d i n descriptio n fro m 
al l  o f  th e case s examined . 

O ne particularl y noteworth y aspec t  o f  thi s cas e concerne d 
th e us e o f  secondar y findings  i n th e diagnosti c process .  Th e 
bon e lesio n i n th e lef t  posterio r  fifth rib  wa s a n importan t 
piec e o f  evidence ,  a s explaine d i n th e expert' s  report .  O f 
th e eigh t  subjects ,  five  sa w th e bon y abnormality ,  thre e o f 
thes e correctl y identifie d i t  a s a  bon e lesion ,  an d tw o actuall y 
use d th e correc t  identificatio n i n th e formulatio n o f  th e correc t 
diagnosti c hypothesis . 

Th e activit y o f  localizin g th e primar y finding  als o appeare d 
t o b e ver y important ,  althoug h i t  wa s perhap s mad e somewha t 
mor e difficul t  i n th e tes t  situatio n becaus e onl y on e vie w o f 
th e patien t  wa s presented .  I t  i s  mor e c o m m o n t o hav e tw o 
view s (fronta l  an d lateral )  available ,  an d thi s provide s mor e 
information ,  particularl y fo r  anterior-posterio r  localization . 

Results 

Th e followin g discussio n present s a n overvie w o f  som e o f 
th e result s o f  th e protoco l  analysi s wit h respec t  t o th e role s 
of  description ,  level s o f  abstraction ,  context ,  attentio n an d 
expectation .  Thes e wer e considere d t o b e ke y issue s whic h 
woul d impac t  th e subsequen t  developmen t  o f  th e information -
processin g model . 
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Report :  A  fronta l  fil m o f  th e ches t  show s a  laî e ,  lobulate d mas s i n th e uppe r  right  hemithorax ,  abuttin g o n th e mediastinum . 
I t  doe s no t  obliterat e th e silhouett e o f  th e superio r  ven a cav a an d ascendin g aort a an d probabl y He s posterio r  i n th e chest . 
No othe r  lesion s ar e see n i n th e lungs .  Th e right  hilu m appear s normal .  Ther e i s n o hila r  o r  mediastina l  adenopath y o n 
th e lef t  side .  However ,  ther e i s a  destructiv e lesio n o f  th e lef t  St h rib.  Ther e i s n o evidenc e o f  pleura l  effusion .  Th e hear t 
appear s normal . 

Impression :  Bronchogeni c carcinom a wit h distan t  metastasi s t o th e lef t  St h rib. 
Comments:  Th e presenc e o f  a  lobulate d mas s i n a  patien t  o f  thi s ag e shoul d mak e carcinom a th e firs t  diagnosis .  However , 

conceivabl y anothe r  lesio n suc h a s a  hamartom a coul d produc e a  simila r  appearance .  I  di d no t  mentio n tha t  ther e i s n o 
calcificatio n withi n th e lesio n althoug h I  shoul d have .  Wha t  make s thi s diagnosi s unequivoca l  i n thi s cas e i s th e destructio n 
of  th e rib  o n th e lef t  side .  Thi s ma y b e difficul t  t o se e a s th e are a o f  destructio n i s cause d b y th e anterio r  en d o f  th e 2n d 
rib  an d unles s the y loo k carefiill y  the y wil l  no t  pic k i t  up .  Th e othe r  description s ar e simpl y pertinen t  negative s i n a  patien t 
who i s suspecte d o f  havin g carcinoma .  Ke y word s -  mass ,  lobulated ,  rib  destruction ,  hamartoma ,  carcinoma ,  adenopathy . 
Becaus e o f  th e rib  lesio n no t  bein g obvious ,  thi s shoul d b e considere d a  media n difficul t  cas e unles s yo u giv e i t  a  histor y 
pointin g t o th e correc t  area . 

Figur e 3 :  Expert' s  Repor t  fo r  Cas e 3  -  Bronchogeni c Carcinoma . 
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Figur e 4 :  Subjec t  Rating s fo r  Cas e 3 . 

Descriptio n 

For  all the cases considered, the characterization of abnormali-
tie s i n term s o f  distinc t  descriptiv e feature s wa s accomplishe d 
usin g a  relativel y smal l  numbe r  o f  categories .  Size ,  shape , 
edge ,  texture ,  an d quantit y description s wer e use d i n varyin g 
degrees ,  dependin g upo n th e typ e o f  abnormalit y presented . 
Sometime s feature s o f  th e primar y findin g figure d notabl y i n 
th e diagnosti c process ,  whil e a t  othe r  times ,  th e finding s wer e 
describe d i n les s detail ,  an d othe r  informatio n suc h a s cas e his -
tor y figure d mor e prominentl y i n elicitin g accurat e diagnosti c 
hypotheses .  Thi s suggeste d ̂ a t  th e importanc e o f  particula r 
feature s m a y var y dependin g upo n th e typ e o f  abnormalit y un -
der  consideration ,  an d a n accurat e perceptua l  characterizatio n 
of  a  findin g m a y stil l  no t  b e sufficien t  t o produc e a  distinc t 
diseas e diagnosis . 

Abnormalitie s wer e als o describe d i n term s o f  spatia l  re -
lations ,  wit h reference s t o horizonta l  an d vertica l  direction s 
most  prevalent .  Th e out-of-plan e thir d dimensio n appeare d t o 

be importan t  i n case s wher e ther e wa s a  mas s tha t  appeare d 
t o spa n mor e tha n on e anatomica l  landmark .  I n thes e cases , 
shadow s o n th e fronta l  two-dimensiona l  vie w coul d giv e s o m e 
clue s t o location ,  i f  th e fil m wa s o f  relativel y goo d quality ,  bu t 
often ,  a  latera l  vie w woul d hav e serve d t o disambiguat e thes e 
cases . 

Levels of Abstraction 

T h e characterizatio n o f  finding s (i.e. ,  abnormalitie s i n th e 
image )  a t  differen t  level s o f  abstractio n provide s a n importan t 
transitio n betwee n low-leve l  perceptua l  detectio n an d highe r 
leve l  proble m solvin g activities .  Fo r  example ,  th e statemen t 
"ther e i s a  density "  reall y onl y mean s " I  hav e detecte d a  ligh t 
area" ,  withou t  conveyin g an y furthe r  semanti c informatio n 
regardin g wha t  thi s objec t  migh t  represent .  O n th e othe r  hand , 
a ter m suc h a s "ther e i s a  mass "  implie s certai n associate d 
feature s suc h a s size ,  shap e an d edge ,  whil e a  statemen t  abou t 
a "malignan t  tumor "  suggest s no t  onl y specifi c  features ,  bu t 
specifi c  diagnosti c hypothese s a s well . 
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15.  Now...let' s  see ,  th e heart' s  nonnal . 
16.  Th e hila r  structure s ar e nonnal . 
17.  Th e aorta' s normal . 
18.  Th e trachea' s normal . 
19.  Th e right  para...stripe ,  trachea l  wal l  seem s t o b e normal . 
20.  Th e bon y structure s ar e normal . 

Figur e 5 :  Landmar k Search . 

Not  onl y i s th e typ e o f  labelin g activit y important ,  bu t  th e 
manner  i n whic h th e labele d percept s ar e use d ca n seriousl y 
affec t  th e outcom e o f  th e diagnosti c process .  Differen t  level s 
of  oversight s ocurre d i n th e transitio n betwee n perceptio n an d 
proble m solving .  A t  th e perceptua l  level ,  a  detectio n oversigh t 
occurre d w h e n th e subjec t  di d no t  notic e o r  se e th e abnorma l 
objec t  o r  featur e a t  all .  O n th e othe r  hand ,  a t  th e identifica -
tio n level ,  a  labelin g erro r  occurre d w h e n th e subjec t  sa w th e 
abnormalit y i n question ,  bu t  labele d i t  incorrectly .  Finally ,  a t 
th e proble m solvin g level ,  difficult y wit h integratio n wa s en -
countere d w h e n th e subjec t  sa w an d labele d th e abnormalit y 
correctly ,  bu t  faile d t o us e thi s informatio n i n th e generatio n o f 
diagnosti c hypotheses .  A n implicatio n o f  thes e result s  i s tha t 
th e desig n o f  computerize d assistanc e reall y shoul d spa n th e 
visua l  interactio n spectru m betwee n perceptio n an d proble m 
solving ,  an d no t  jus t  addres s th e pole s o f  th e problem ,  fo r  ex -
ample ,  throug h eithe r  imag e enhancement s t o ai d perceptio n 
or  exper t  system s t o ai d decision-making . 

Context 

When the radiologist begins a diagnostic session, the infor-
matio n availabl e prio r  t o viewin g an y o f  th e image s include s 
th e knowledg e o f  th e particula r  anatomica l  regio n unde r  con -
sideratio n an d th e particula r  imagin g modalit y use d t o collec t 
th e imag e data .  Th e anatomica l  regio n normall y implie s a 
certai n se t  o f  anatomica l  object s i n a  particula r  configuratio n 
(e.g. ,  a  ches t  normall y contain s tw o lungs ,  a  hear t  o n th e 
lowe r  lef t  side ,  etc.) ,  whil e th e imagin g modalit y call s int o 
pla y knowledg e o f  th e kind s o f  perceptua l  cue s tha t  ar e t o b e 
expected . 

Thi s knowledg e i s typicall y organize d int o a  kin d o f  check -
lis t  tha t  lead s t o a  relativel y orderl y pla n fo r  examination .  A n 
exampl e o f  thi s i s see n i n Figur e 5 ,  whic h show s a  sequentia l 
set  o f  statement s b y a  subjec t  lookin g a t  th e norma l  ches t  case . 

Unlik e th e landmar k search ,  whic h ca n b e sai d t o alway s 
be o f  a  top-dow n nature ,  th e searc h fo r  secondar y abnormal -
itie s m a y b e eithe r  bottom-u p o r  top-down .  I f  n o diagnosti c 
hypothesi s ha s bee n invoked ,  an d th e subjec t  i s stil l  gatherin g 
data ,  the n th e searc h fo r  suc h abnormalitie s m a y appea r  a s 
a subpla n withi n th e landmar k search .  Figur e 6  illustrate s 
suc h a  bottom-u p searc h i n th e sarcoidosi s case .  O n th e othe r 
hand ,  top-dow n reasonin g implie s tha t  on e o r  mor e diagnosti c 
hypothese s ar e currentl y active ,  an d tha t  particula r  secondar y 
findings  migh t  suppor t  thes e hypotheses .  A n exampl e o f  thi s 
i s see n i n Figur e 7 ,  whic h i s a n excerp t  fro m th e mitra l  stenosi s 
case . 

Furthe r  suggestion s o f  plan-lik e activit y ca n b e foun d i n 
th e descriptio n o f  a  primar y finding  i n term s o f  it s  feature s 
an d location .  Fo r  som e type s o f  findings,  a  larg e numbe r  o f 
characteristi c feature s ar e expresse d an d utilize d i n th e diag -

6.  Lookin g a t  th e res t  o f  th e lungs ,  I  don' t  se e an y 
area s o f  consolidatio n o r  evidenc e o f  pneumoni a there . 

7.  I  don' t  se e an y effusions . 
8.  I' m goin g t o loo k a t  th e remainde r  o f  th e superio r 

mediastinu m 
9.  t o se e i f  I  se e an y othe r  adenopath y 
10.  an d sor t  o f  i n th e lef t  hear t  borde r  I  se e a  kin d o f 

a doubl e bulg e 

Figur e 6 :  Bot tom-U p Secondar y Findin g Search . 

7.  bu t  th e first  thin g I  sa w wa s th e heart , 
8.  an d I ,  it' s  jus t  a  littl e bi t  big . 
9.  N o w patient s wit h hear t  failur e ca n ge t  somethin g lik e a 

coug h wit h a  littl e bi t  o f  pin k froth y sputum . 
10,  It' s no t  reall y sputum ,  it' s jus t  sometime s the y ca n 

coug h u p som e pin k stuff . 
11.  S o I' m goin g t o thin k abou t  hear t  failure , 
12.  an d loo k fo r  pulmonar y edema , 
13.  o r  sign s o f  hear t  failure . 

Figur e 7 :  T o p - D o w n Secondar y Findin g Search . 

nosti c process .  A n exampl e i s show n i n Figur e 8 ,  take n fro m 
a subject' s repor t  o n th e tuberculosi s case .  I n othe r  cases , 
feature s wer e sough t  whic h le d t o eithe r  mor e specifi c  find-
in g hypotheses ,  o r  eve n diagnosti c hypotheses .  Thu s th e dat a 
support s th e clai m tha t  th e "directio n o f  reasonin g provide s 
th e procedura l  context "  (Evan s &  Gadd ,  1989) ,  an d tha t  ther e 
ar e differen t  type s o f  plans ,  an d differen t  level s o f  planning . 
Furthermore ,  th e directio n o f  reasonin g affecte d th e differen t 
type s o f  perceptua l  informatio n use d t o suppor t  th e diagnosti c 
stages .  Bottom-u p o r  data-drive n reasonin g wa s supporte d b y 
us e o f  secondar y findings  t o generat e diagnosti c hypotheses , 
us e o f  feature s o f  primar y findings  t o specializ e labelin g o f 
primar y findings,  an d us e o i  feature s o f  primar y findings  t o 
generat e diagnosti c hypotheses .  O n th e othe r  hand ,  top-dow n 
or  expectation-drive n reasonin g involve d confirmatio n o f  ex -
pectatio n o f  secoT\dar y findings  t o suppor t  diagnosti c hypothe -
ses ,  us e o f  feature s o f  primar y findings  t o rul e ou t  competin g 
findings  an d diagnosti c hypotheses ,  an d us e o f  feature s o f 
primar y findings  t o matc h o r  contradic t  expectations . 

Attention 

I n th e case s reviewed ,  a t  leas t  tw o differen t  type s o f  attentio n 
activit y wer e noted .  T h e first,  characterize d b y a  relativel y 

5.  I' m kin d o f  focussin g i n o n th e mai n abnormality , 
whic h i s  i n th e right  uppe r  lobe , 

6.  an d I  se e a  cavitar y lesio n i n th e right  uppe r  lobe , 
wit h som e atelectati c changes . 

13. The lesion is poorly defined, and has a cavitary area 
i n th e center ,  an d th e wal l  i s probabl y abou t  3  t o 4 
millimeter s thick ,  an d it' s irregulai \ 

14.  Ther e ar e som e linea r  densitie s leadin g fro m th e hila r 
regio n t o th e mass . 

Figur e 8 :  Feature s o f  Primar y Finding . 

216 



...I t  look s lik e th e mas s itsel f  i s  no t  a s dens e a s yo u migh t 
expec t  fo r  somethin g tha t  large . 

...I'm thinking in terms of a neurogenic tumor, and you might 
expec t  t o see...som e involvemen t  o f  th e vertebra l  bodies.. . 

...Ah, in a young person, you really wouldn't be expecting to 
see somethin g lik e tha t  anyway .  I t  woul d b e unlikely . 

...I looked at the ribs. 1 didn't see anything and I wasn't 
expectin g t o se e anythin g there . 

Figur e 9 :  Expectations . 

fas t  noticin g an d labelin g o f  a n abnormalit y a s soo n a s th e 
x-ra y imag e appeare d wa s calle d "immediat e visua l  capture" , 
and i t  wa s ofte n couple d wit h a  brie f  descriptio n o f  th e abnor -
malit y i n questio n (fo r  example ,  siz e an d shape) .  Thi s typ e o f 
attentiona l  behavio r  ha s als o bee n describe d b y Kunde l  an d 
Nodin e w h o showe d tha t  eve n unde r  restricte d conditions ,  se -
lectiv e attentio n wa s draw n t o th e are a o f  th e ches t  havin g th e 
greates t  abnormalit y (Kunde l  &  Nodine ,  1975) . 

I n mor e genera l  experiment s o n attention ,  Treisma n showe d 
tha t  simpl e propert y difference s (e.g. ,  color ,  brightness ,  o r  lin e 
orientation )  woul d b e seize d upo n b y th e initia l  stag e o f  visua l 
processin g s o tha t  the y appea r  t o "po p out "  o f  a  scen e (Treis -
man,  1982) .  Immediat e visua l  captur e appear s t o b e consisten t 
wit h thes e findings :  i f  a n objec t  compose d primaril y o f  wate r 
(suc h a s a  tumor )  overlie s a n objec t  compose d primaril y o f  ai r 
(suc h a s lung) ,  the n th e firs t  objec t  wil l  appea r  brighter .  I f  th e 
same objec t  overlie s bone ,  i t  wil l  appea r  darker .  Thu s certai n 
type s o f  brightnes s feature s i n th e x-ra y imag e m a y b e mor e 
conduciv e t o suc h preattentiv e visua l  pop-out . 

Treisma n als o require d subject s t o fin d a  targe t  distin -
guishe d b y th e lac k o f  a  featur e presen t  i n th e distractor .  Sh e 
foun d tha t  pop-ou t  occurre d whe n th e targe t  ha d th e feature , 
and seria l  searc h occurre d whe n th e targe t  lacke d th e feature . 
I n ou r  dat a analysis ,  attentio n wa s focuse d purposefull y an d 
seriall y  i n th e activitie s o f  deliberat e landmar k searc h an d se -
ria l  searc h fo r  secondar y abnormalitie s whic h migh t  o r  migh t 
not  b e i n th e image .  Althoug h Treisman' s wor k emphasize s 
simpl e object s an d features ,  i t  i s  possibl e tha t  simila r  behavio r 
may occu r  i f  someon e ha s bee n traine d t o recogniz e partic -
ula r  object s an d feature s i n a  manne r  tha t  i s meaningfu l  t o a 
proble m solvin g tas k suc h a s diagnosti c radiology . 

Expectation 

Throughou t  th e report s o f  th e subjects ,  ther e wa s evidenc e 
tha t  prio r  experienc e an d medica l  knowledg e wer e ofte n use d 
i n conjunctio n wit h curren t  observation s t o produc e anticipa -
tio n o f  particula r  kind s o f  relate d informatio n fro m th e image . 
Thes e anticipation s includ e presenc e o r  absenc e o f  feature s 
relate d t o a  finding,  finding s relate d t o a  diagnosis ,  an d find -
ing s o r  diagnose s relate d t o cas e history .  Thes e ar e calle d 
expectations ,  an d Figur e 9  show s example s o f  excerpt s fro m 
th e ra w dat a o f  a  numbe r  o f  subject s tha t  len d suppor t  t o thi s 
idea . 

Expectation s m a y b e use d b y th e proble m solve r  t o opti -
miz e plan s fo r  th e gatherin g o f  informatio n tha t  wil l  converg e 
on a  solution .  Fo r  example ,  i f  a  diagnosti c hypothesi s i s cur -

rentl y active ,  i t  m a y b e mor e efficien t  t o explor e finding s an d 
feature s tha t  ar e usuall y expecte d t o b e associate d wit h tha t 
hypothesi s first ,  rathe r  tha n jus t  gathe r  unstructure d percep -
tua l  informatio n i n th e hop e tha t  s o m e o f  i t  m a y b e useful . 
Expectation-drive n exploratio n i s th e hallmar k o f  top-dow n 
processing .  W h e n observation s matc h expectations ,  confi -
denc e i n th e originatin g hypothesi s shoul d increase .  O n th e 
othe r  hand ,  whe n observation s fai l  t o mee t  expectations ,  a 
decisio n mus t  b e m a d e a s t o whethe r  thi s informatio n ca n b e 
overlooked ,  o r  whethe r  i t  signal s tha t  th e hypothesi s shoul d b e 
abandoned .  I n th e tas k o f  diagnosti c radiology ,  i t  appear s tha t 
expectation s ar e largel y perceptua l  i n nature ,  especiall y i n th e 
absenc e o f  othe r  informatio n abou t  th e patient ,  suc h a s tes t 
results ,  o r  physica l  examination .  Tha t  is ,  mos t  expectation s 
hav e t o d o wit h anticipation s abou t  wha t  ca n b e see n i n th e 
image .  I n thi s sense ,  th e expectation s generate d i n thi s tas k 
appea r  t o b e dua l  i n nature ,  i n tha t  the y ca n originat e wit h a n 
abstrac t  statemen t  o f  intent ,  suc h a s "I' m goin g t o loo k fo r 
pleura l  effusions" ,  tha t  m a y b e par t  o f  a  large r  pla n t o distin -
guis h betwee n som e hypotheses ,  bu t  the y resul t  i n a n ac t  o f 
looking :  " I  don' t  se e any. "  Thus ,  expectatio n m a y b e on e o f 
th e mechanism s tha t  bridge s th e ga p betwee n perceptio n an d 
proble m solving . 

Discussion 

Al l  o f  th e abov e issue s ar e closel y couple d i n th e visua l  reason -
in g tas k o f  ches t  x-ra y diagnosis .  Contex t  set s th e scen e fo r  a 
particula r  collectio n o f  declarativ e an d procedura l  knowledg e 
t o b e retrieve d fro m m e m o r y an d brough t  t o bea r  o n th e prob -
lem .  Thi s knowledg e create s expectation s o f  wha t  th e practi -
tione r  i s likel y t o see ,  an d plan s t o explore  thes e expectation s 
emerge ,  tha t  the n guid e th e attentio n proces s i n deliberat e 
search .  However ,  ther e ar e ofte n unexpecte d phenomen a i n 
th e image ,  whic h see m t o captur e attentio n immediately ,  an d 
caus e currentl y activ e plan s t o b e interrupte d o r  abandone d i n 
favo r  o f  n e w explorator y activitŷ .  Descriptiv e feature s ar e 
use d t o characteriz e findings ,  which ,  i n turn ,  ar e labelle d a t 
differen t  level s o f  abstraction . 

I n th e interpla y betwee n thes e issues ,  a  patter n o f  inter -
actio n betwee n perceptio n an d proble m solvin g begin s t o 
emerge .  Descriptiv e feature s ca n b e sai d t o li e close r  t o th e 
perceptua l  side ,  whil e contex t  seem s t o originat e wit h mor e 
abstrac t  though t  relate d t o proble m solving .  Expectation s ap -
pear  t o li e betwee n thes e tw o poles ,  originatin g wit h proble m 
solving ,  bu t  resultin g i n th e activatio n o f  perceptua l  schema s 
throug h focu s o f  attention ,  whic h direc t  act s o f  looking .  Thes e 
schema s allo w perceptua l  informatio n t o b e delivere d back , 
and th e level s o f  abstractio n mentione d abov e provid e a  wa y 
t o transfor m th e informatio n betwee n expectatio n an d percep -
tua l  schema ,  s o tha t  i t  ca n b e use d b y th e proces s concerne d 
wit h achievin g a  solutio n t o th e problem . 

Thes e result s m a y als o provid e a  perceptua l  foundatio n fo r 
th e diagnosti c strategie s employe d b y th e radiologists ,  an d 
an indicatio n o f  w h y suc h strategie s migh t  succee d o r  fail . 
For  example ,  i n th e cas e presente d earlier ,  on e o f  th e subject s 
exhibite d a  ver y typica l  hypothetico-deductiv e strategy ,  wher e 
immediat e visua l  captur e provide d initia l  data ,  som e searc h o f 

^Thi s i s als o consisten t  wit h Lesgol d e t  al' s  (1988 )  contentio n 
tha t  exper t  radiologist s ar e opportunisti c planners .  However ,  w e sa w 
thi s kin d o f  activit y i n les s experience d radiologist s a s well . 
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th e primar y finding  provide d mor e evidence ,  an d a  diagnosti c 
hypothesi s wa s the n produced .  However ,  particula r  evidenc e 
was the n obtaine d whic h contradicte d th e ensuin g expectation , 
causin g th e origina l  hypothesi s t o b e abandone d i n favo r  o f  a 
ne w (mor e accurate )  one .  Base d o n thi s ne w hypothesis ,  th e 
subjec t  the n looke d fo r  supportin g evidence ,  foun d i t  i n th e 
image ,  an d thereb y increase d confidence .  O n th e othe r  hand . 
a secon d (mor e experienced )  subjec t  examine d th e sam e case , 
but  spen t  mos t  o f  th e diagnosti c perio d gatherin g perceptua l 
evidenc e abou t  th e primar y finding,  an d neve r  reall y generate d 
a diagnosti c hypothesi s a t  all . 

A thir d exampl e involve d a  cas e wit h a n ambiguou s primar y 
finding  ̂ .  Fo r  thi s case ,  som e subject s wh o generate d diag -
nosti c hypothese s base d o n th e incorrec t  finding,  neve r  di d 
recove r  fro m th e origina l  error ,  whil e othe r  subject s wh o ap -
peare d t o engag e i n a  mor e deliberat e prolonge d collectio n o f 
perceptua l  informatio n (no t  specificall y relate d t o a  diagnosti c 
hypothesis) ,  eventuall y "saw "  a  clue ,  whic h le d t o th e correc t 
labellin g o f  th e finding.  Thi s cas e i s interestin g from  th e poin t 
of  vie w tha t  ther e i s n o reall y accurat e diagnosi s associate d 
wit h th e x-ray .  However ,  th e correc t  labellin g o f  th e finding 
i s th e bes t  solutio n tha t  ca n b e attained ,  an d i s importan t  t o 
direc t  th e nex t  ste p i n th e patien t  care .  I t  als o suggest s tha t 
a "not-enough-information "  strateg y migh t  hav e bee n mor e 
appropriat e i n thi s case ,  rathe r  tha n th e hypothetico-deductiv e 
reasonin g whic h generate d early ,  bu t  inaccurat e diagnosti c 
hypotheses . 

I n th e absenc e o f  immediat e visua l  capture ,  deliberat e 
searc h o f  landmark s appear s t o b e th e commo n strateg y em -
ployed .  I t  i s  ofte n repeate d a t  leas t  onc e i f  th e patien t  appear s 
t o hav e a  norma l  chest .  I t  ma y als o b e a  usefu l  strateg y whe n 
ther e i s ambiguit y i n th e x-ra y imag e tha t  migh t  b e remove d 
by a  mor e thoroug h investigatio n o f  th e landmarks .  Fo r  ex -
ample ,  i n th e previousl y describe d ambiguou s case ,  th e visua l 
clu e concerne d a  par t  o f  th e lun g whic h wa s har d t o see ,  bu t 
visibl e nonetheless .  Th e subject s wh o looke d specificall y a t 
tha t  landmar k are a sa w th e clue . 

Conclusion 

The results from this work have been incorporated into a 
model  o f  visua l  interactio n betwee n perceptio n an d proble m 
solving ,  describe d i n (Rogers ,  1995a) .  Thi s mode l  ha s bee n 
furthe r  use d a s th e basi s fo r  th e desig n o f  a  blackboard-base d 
compute r  syste m calle d V I A (Visua l  Interactio n Assistant) . 
whic h incorporate s th e user ,  th e imag e displa y an d th e pro -
gra m module s int o a  cooperative ,  proble m solvin g system . 
The desig n ha s bee n instantiate d int o a  prototyp e syste m fo r 
diagnosti c radiolog y calle d V IA -RAD ,  an d wa s teste d i n a 
smal l  observationa l  stud y wit h radiologis t  subject s (Rogers , 
1995b) .  I t  i s fel t  tha t  th e pronusin g result s o f  thi s wor k ar e 
due largel y t o th e in-dept h stud y o f  ho w practitioner s actuall y 
perfor m thei r  task .  Thi s approac h provide s no t  onl y furthe r 
insigh t  int o visua l  diagnosti c reasonin g bu t  als o establishe s a 
firm  cognitiv e foundatio n fo r  th e developmen t  o f  intelligen t 
computerize d assistants . 
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'Th e subject s commonl y mislabelle d th e findin g a s a n elevate d 
diaphragm ,  whe n i t  wa s reall y  a  mas s insid e th e lung . 
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