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P R O B L EM R E P R E S E N T A T I ON A N D H Y P O T H E S IS 
G E N E R A T I ON I N D IAGNOSTI C R E A S O N I NG 

G U Y - M A R IE J O S E P H 
V I M L A L .  P A T E L 

M C G I LL UNIVERSIT Y 

ABSTRACT 

In this paper we examine the role of domain knowledge in the process of hypothesis 
generatio n an d proble m representatio n durin g diagnosti c reasoning .  A n on-lin e tas k environmen t 
and th e combinatio n o f  discours e an d protoco l  analysi s technique s wer e use d t o tes t  th e difference s 
betwee n tw o group s o f  expert s solvin g a  clinica l  problem .  Th e group s consiste d o f  hig h domain -
knowledg e subject s (HDK )  -endocrinologists -  an d lo w domain-knowledg e (LDK )  subject s 
cardiologists- .  TTi e result s sho w tha t  H D K subject s use d a  mor e efficien t  proces s o f  diagnosti c 
reasonin g a s generate d a  mor e coheren t  representatio n o f  th e problem .  A  two-stag e mode l 
describin g th e proces s o f  hypothesi s generatio n wa s propose d t o explai n th e difference s i n th e 
proces s o f  hypothesi s generation . 

Th e mos t  frequentl y investigate d aspec t 

of  medica l  proble m solvin g i s  diagnosti c 

reasoning .  A  centra l  questio n fo r  researcher s i n 

field s suc h a s cognitiv e science ,  medica l 

education ,  medica l  proble m solvin g an d 

decisio n making ,  i s  h o w d o exper t  physician s 

go abou t  makin g a  diagnosis ? Thi s interes t  ha s 

been motivate d b y bot h theoretica l  an d practica l 

concerns . 

Theoreticall y diagnosi s i s  viewe d a s 

representativ e o f  th e problem-solvin g processe s 

wherei n th e proble m solve r  i s  require d t o 

examine ,  evaluat e an d selec t  informatio n i n 

orde r  t o generat e a n accurat e solution . 

Accordin g t o Schwart z an d Griffi n (1986 ) 

diagiiosi s i s a  subse t  o f  th e mor e genera l  skil l  o f 
classificatio n (i.e. ,  assignin g entitie s t o differen t 

classe s o r  categories )  o f  diseases .  Researc h i n 

clinica l  reasonin g ha s playe d a  significan t  rol e 

i n developin g psychologica l  theorie s o f  h u m a n 

proble m solvin g (Wortman ,  1972) .  I n practica l 

terms ,  thi s  i s directl y applicabl e t o th e teachin g 

of  medicin e (Wortman ,  1972) . 

Diagnosti c reasonin g ha s bee n studie d 

fro m tw o perspectives .  O n th e on e hand , 

computational/mechanisti c model s hav e bee n 

use d t o describ e describ e th e reasonin g 

processe s o f  physician s whil e solvin g a 

proble m (Johnson ,  1983 ;  Shortliffe ,  Buchanan , 

& Feigenbaum ,  1979) .  Th e mai n goa l  o f  th e 

computationa l  approac h i s t o develo p compute r 

program s tiiat  ca n perfor m (diagnos e problems ) 

as accuratel y a s h u m a n experts .  T h e firs t  ste p 

i n developin g suc h program s consist s i n 

collectin g thin k alou d protocol s fro m expert s 

engage d i n simulate d clinica l  task s (e.g. ,  th e 

diagnosi s o f  a  patient' s  problem) ,  an d analyzin g 

thes e transcript s t o formulat e model s o f  th e 

solutio n strategie s an d reasonin g processe s 

used .  Thes e model s ar e the n represente d i n a 

compute r  progra m (simulations )  that ,  w h e n 

executed ,  produce s behavio r  tha t  ca n b e 

compare d wit h tha t  observe d i n physician s 

(Kassire r  e t  al. ,  1982) . 

Thi s i s  considere d b y m a n y (e.g. , 

Kassire r  e t  al. ,  1978 ;  Pople ,  1982 )  t o b e a 

promisin g approac h fo r  th e developmen t  o f 

knowledge-bas e component s i n exper t  systems , 

an d ca n contribut e towar d th e developmen t  o f 

theorie s o f  k n o w l e d g e representatio n 

(Brachma n &  Levesque ,  1985) .  Th e mai n 

weaknes s o f  thi s thi s approac h i s a  lac k o f 

theorie s an d method s fo r  dealin g wit h th e 

proble m o f  natura l  languag e i n protoco l 

analysis .  Centra l  t o buildin g a  mor e complet e 

accoun t  o f  proble m solvin g i n complex , 

knowledge-ric h domain s i s th e nee d fo r  specifi c 

informatio n abou t  bot h ho w th e subject' s 

representatio n o f  th e proble m change s ove r  time 

and ho w hi s domai n knowledg e i s use d t o 

construc t  an d modif y thes e representations . 

"Think-aloud "  protocol s (e.g .  Green o & 

Simon ,  1985 ;  Kassire r  e t  al. ,  1982 )  provid e 

rich,  comple x dat a tha t  ar e approximatel y 

concurren t  wit h th e subject' s reasonin g an d 

therefor e provid e informatio n abou t  th e 

subject' s changin g representatio n o f  th e 

problem .  However ,  protoco l  analysi s method s 
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(e.g. ,  Ericsso n &  Simon ,  1984 )  hav e bee n 
limite d i n thei r  succes s a t  providin g mor e tha n 
globa l  informatio n abou t  subjects '  processin g 
(cf .  Joseph ,  1987) . 

F ro m a  secon d perspective ,  th e 
psychologica l  researc h o n medica l  diagnosi s 
has treate d th e physicia n a s a  processo r  o f 
information .  Thes e investigation s wer e 
influence d b y the n curren t  model s o f  genera l 
problem-solvin g abilit y  whic h ar e summarize d 
i n Newel l  &  Simon ,  (1972) .  Elstei n an d 
colleague s (1978 )  wer e amon g th e firs t 
researcher s t o appl y th e informatio n processin g 
approac h t o stud y diagnosti c reasoning .  The y 
propose d th e 'hypothetico-deductive '  mode l  a s 
th e genera l  an d logica l  mode l  o f  exper t 
reasoning . 

"Diagnosi s Diagnosti c problem s ar e solve d 
throug h a  proces s o f  hypothesi s generatio n 
and veriHcation .  Hypothese s ar e consistentl y 
generate d earl y i n a  worku p whe n onl y a  ver y 
limite d dat a bas e ha s bee n obtained .  Whil e 
any earl y informatio n may b e revise d o r 
discarde d i f  subsequen t  dat a fai l  t o confir m it , 
ther e i s a  hig h probabilit y  tha t  a t  leas t  som e 
of  th e formulation s o f  experience d physician s 
wil l  b e correct .  Hypothese s serv e a s 
organizin g rubric s i n workin g memory .  The y 
hel p t o overcom e limitation s o f  memor y 
capacit y an d serv e t o narro w th e siz e o f  th e 
proble m spac e tha t  mus t  b e searche d fo r 
solution .  Sinc e i t  woul d b e impossibl e t o 
conduc t  a n efficien t  inquir y wiUiou t  som e 
hypothetica l  goa l  tha t  woul d tel l  th e inquire r 
when t o sto p [contro l  structures] ,  hypothese s 
serv e t o transfor m a n ope n medica l  proble m 
(What  i s th e patient' s illness? )  int o a  se t  o f 
close d problem s tha t  ar e muc h easie r  t o solv e 
(I s th e illnes s X ? o r  Y ? o r  Z? )  Elstei n e t  al. . 
1978..176" . 

T h e earl y generatio n o f  diagnosti c 

hypothese s i s considere d a s th e mai n strateg y 

tha t  physician s use d t o reduc e searc h i n th e 

proble m space.tha t  i s mos t  likel y t o yiel d th e 

accurat e solution .  "I n sum ,  w e m a y propos e 

tha t  a  se t  o f  proble m formulation s define s th e 

dimension s o f  th e fundamenta l  proble m spac e 

i n whic h a  physician' s searc h fo r  a  diagnosi s i s 

conducted "  (Elstei n e t  al. ,  1978 ,  p .  176) . 

T h e basi c assumption s o f  th e us e o f  th e 

hypothetico-deductiv e metho d o f  reasonin g 

use d b y exper t  physician s i n clinica l  reasonin g 

hav e increasingl y c o m e int o questio n (1983 ; 

G roe n &  Patel ,  1985 ;  an d Kassirer ,  e t  al. , 

1982) .  T h e assertio n tha t  exper t  diagnosti c 

reasonin g i s characterize d b y a  hypothetico -

deductiv e metho d i s questionabl e i n vie w o f  th e 

fac t  tha t  th e researc h i n othe r  domain s hav e 

demonstrate d thi s t o b e a  'weak '  an d inefficien t 

metho d o f  proble m solving ,  mor e characteristi c 

of  novic e rathe r  tha n exper t  performanc e (e.g. , 

Feltovic h &  Barrows ,  1984 ;  an d Simo n & 
Simon ,  1978) ,  W e a k method s ar e ver y 
general ,  i n th e sens e tha t  the y ca n b e use d i n 
almos t  an y domain .  Unde r  realisti c tim e 
constraints ,  however ,  the y ten d t o yiel d cithe r 
th e wron g answe r  o r  n o answe r  a t  all .  I n 
contras t  stron g method s almos t  alway s yiel d th e 
correc t  answer ,  bu t  ar e onl y applicabl e i n a 
limite d domain .  Th e mai n proble m however ,  i s 
tha t  th e us e o f  diagnosti c hypothese s i s no t 
necessaril y  a  reliabl e indicato r  o f  diagnosti c 
expertis e o r  th e qualit y o f  diagnosti c reasoning . 
I n addition ,  furthe r  investigatio n o n hypothesi s 
generatio n parameter s (e.g. ,  timin g o f 
hypothesi s generation ,  numbe r  o f  hypothese s 
generated) ,  an d hypothesi s qualit y eithe r  yiel d 
inconsisten t  cross-situationa l  result s o r  ar e 
insufficien t  i n discriminatin g expertis e 
(Feltovic h &  Bairows ,  1984) . 

Studie s i n proble m solvin g an d 
expertis e sugges t  tha t  th e diagnosti c hypothese s 
generate d fo r  a  medica l  cas e constitut e on e 
componen t  o f  a n exper t  physician' s 
representatio n o f  a  patient' s conditio n 
(Hasserbroc k &  Prietula ,  1986) .  A n exper t 
representatio n shoul d b e a n abstractio n o f 
commonaltie s existin g i n a  patient' s overal l 
symptoms .  Knowledg e o f  pathophysiologica l 
processe s provide s expert s wit h anothe r  leve l  o f 
abstraction .  Th e appropriatenes s o f  th e diseas e 
hypothese s bein g considere d fo r  a  give n cas e i s 
likel y t o chang e i f  a  physicia n shift s t o a 
differen t  underlyin g pathophysiologica l 
condition . 

I n th e presen t  stud y w e ar e primaril y 
intereste d i n testin g th e rol e o f  domai n 
knowledg e i n th e proces s o f  hypothesi s 
generatio n an d proble m representatio n i n 
diagnosti c reasoning .  Th e us e o f  a n on-lin e 
tas k environmen t  an d th e combinatio n o f 
discours e an d protoco l  analysi s wil l  b e use d t o 
tes t  th e difference s i n proble m representatio n 
and hypothesi s generatio n whil e solvin g th e 
proble m (Josep h &  Patel ,  1986a) .  Expert s wit h 
specifi c  domain-knowledg e ar e expecte d t o us e 
a mor e efficien t  proces s o f  hypothesi s 
generatio n a s wel l  a s a  mor e coheren t 
representatio n o f  th e problem . 

METHOD 

Materials: The stimulus was a text 
base d o n a  rea l  patien t  i n a  Montrea l  hospita l 
and modifie d b y a n endocrinologis t  fo r  th e 
purpose s o f  thi s study .  Th e clinica l  findings 
fo r  th e cas e wer e assemble d i n a  type d "patien t 
file"  format .  Tha t  is ,  th e clinica l  informatio n 
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was arrange d i n th e typica l  orde r  o f  medica l 

history ,  finding s fro m physica l  examination , 

and x-ra y an d laborator y tes t  results . 

Subjects :  Nin e senio r  physician s 

associate d wit h th e Facult y o f  Medicin e a t 

McGil l  Universit y volunteere d a s subject s fo r 

th e study .  Give n tha t  th e tas k wa s th e 

diagnosi s o f  a  patien t  wit h a n endocrin e 

disorder ,  th e hig h domai n knowledg e ( H D K ) 

grou p consiste d o f  fou r  endocrinologist s an d 

th e lo w domai n knowledg e ( L D K )  grou p 

consiste d o f  fiv e cardiologists .  Th e physician s 

wer e al l  practicin g physician s wit h from  fiv e t o 

te n year s o f  experienc e (i.e. ,  practice )  i n thei r 

respectiv e fields . 

Clinica l  proble m Th e endocrinolog y 

proble m (Tabl e 1 )  describe s th e cas e o f  a n 

elderl y lad y wh o wa s brough t  t o th e emergenc y 

roo m b y he r  daughte r  sufferin g fro m sever e 

hypothyroidism .  Prio r  t o he r  admissio n int o 

th e emergenc y room ,  th e patien t  consulte d a 

physicia n complainin g o f  difficult y i n speakin g 

and throa t  irritation .  Hi s diagnosi s wa s chroni c 

laryngitis ,  fo r  whic h h e prescribe d a  potassiu m 

iodid e mixtur e a s a n expectorant .  W h e n take n 

by a  health y person ,  potassiu m iodid e i s quit e 

harmless .  However ,  whe n take n b y a 

hypothyroi d patient ,  i t  precipitate s a n acut e 

hypothyroi d crisi s whic h lead s t o myxedema . 

The accurat e diagnosi s o f  th e cas e is : 

Hashimoto' s hypothyroidis m precipitate d t o 

myxedema pre-com a b y th e potassiu m iodid e 

mixture .  Th e diagnosi s ca n b e divide d int o thre e 

subcomponent s varyin g i n specificity ,  fro m 

genera l  t o specific .  Th e firs t  subcomponen t  i s 

hypothyroidism .  Th e secon d on e i s myxedem a 

pre-coma .  Th e thir d subcomponen t  i s a n 

autoimmun e conditio n calle d Hashimoto' s 

thyroiditis ,  whic h i s th e caus e o f  th e 

hypothyroidism . 

Table 1. Endocrine problem. 

Medica l  Histor y 

SI .  A  6 3 yea r  ol d woman wit h a  one-wee k histor y o f 
increasin g drowsines s an d shortnes s o f  breat h wa s 
brough t  t o th e emergenc y roo m b y he r  daughter . 
S2.  Th e patien t  ha d no t  bee n wel l  fo r  ove r  a  year . 
S3.  Sh e complaine d o f  feelin g tire d al l  th e time ,  ha d a 
los s o f  appetite ,  a  3 0 lb .  weigh t  gai n an d constipation . 
S4.  A  mont h late r  sh e ha d bee n diagnose d a s havin g " 
chroni c laryngitis "  an d wa s prescribe d a  potassiu m iodid e 
mixtur e a s a n expectorant . 

Physica l  Examinat io n 

S5.  Physica l  examinatio n reveale d a  pale ,  drowsy ,  obes e 
lad y wit h marke d periorbita l  edema . 
86.  Sh e ha d difficult y speaking ,  an d whe n sh e di d spea k 
her  voic e wa s note d t o b e slo w an d hoarse . 
S7.  Ther e wer e patche s o f  vitilig o ove r  bot h he r  legs . 
S8.  He r  ski n fel t  roug h an d scaly . 

S9.  He r  bod y temperatur e wa s 3 6 deg .  C . 
SIO.  Puls e wa s 60/minut e an d regular. ! 
Sll .  B .  P .  wa s 160/95 . 
S12.  Examinatio n o f  he r  nec k reveale d n o jugula r  venou s 
distention . 
S13.  Th e thyroi d glan d wa s enlarge d t o approximatel y 
twic e th e norma l  size . 
S14.  I t  fel t  fir m an d irregular . 
S15.  Ther e wa s grad e 1  galactorrhea . 
S16.  Th e ape x bea t  coul d no t  b e palpated . 
S17.  Ches t  examinatio n showe d decrease d movement s 
bilaterall y an d dullnes s t o percussion . 
S18.  Ther e wa s n o splenomegaly . 
Result s F r o m Neurology ,  X -Ra y an d 

Laborator y Test s 

S19.  Neurologica l  testin g reveale d symmetrica l  an d 
norma l  tendo n reflexe s but ,  wit h a  delaye d relaxatio n 
phase . 
S20.  Urinalysi s wa s normal . 
821 .  Ches t  X-ra y showe d larg e pleura l  effusion s 
bilaterally . 
822 .  E C G reveale d sinu s bradycardia ,  lo w voltag e 
complexe s an d non-specifi c  T-wav e flattening . 
S23.  Routin e biochemistr y (SMA=16 )  showe d Na=125 . 
K=3.8 .  B U N = 8 mg/lOOml . 
S24.  Arteria l  bloo d gase s P O =5 0 m m Hg ,  P C O = 6 0 

mm Hg . 
825.  Th e patien t  wa s admitte d t o th e intensiv e car e uni t 
fo r  furthe r  management 

P r o c e d u r e :  A n on-lin e tas k 

environmen t  (Joseph ,  1987 )  w a s use d t o 

presen t  th e stimulu s materia l  t o individua l 

subject s on e segmen t  a t  a  tim e o n a 

microcomputer .  T h e orde r  o f  presentatio n o f 

tex t  segment s w a s controlle d b y th e 

experimenter .  H o w e v e r ,  th e rat e o f 

presentatio n o f  eac h segmen t  w a s controlle d b y 

th e subjects .  Segment s consiste d o f  on e o r  tw o 

sentence s each .  Afte r  th e presentatio n o f  eac h 

segment  subject s wer e aske d t o giv e a  verba l 

report  o f  thei r  interpretatio n o f  th e sentenc e wit h 

respec t  t o a  possibl e diagnosis .  Afte r  th e 

presentatio n o f  th e entir e case ,  subject s wer e 

aske d t o summariz e th e cas e an d the n t o provid e 

a diagnosis .  Subjects '  interpretation s wer e tap e 

recorde d an d late r  transcribe d verbatim . 

ANALYSES 
T h e method s o f  analysi s use d i n thi s 

stud y includ e th e us e o f  technique s fro m bot h 

discours e an d protoco l  analyse s a s wel l  a s a s 

th e us e o f  quantitativ e an d qualitativ e measures . 

Thre e analyse s wer e carrie d ou t  o n eac h 

subject' s protocols . 

1)  Segmentation . 

2 )  Hypothesi s generation . 

3 )  Proble m representation . 

Technique s wer e take n from  discours e 

analysi s fo r  applicatio n i n analysi s 1 
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(functional-syntacti c  analysis) ,  an d analysi s 3 

(representin g conceptua l  structure s a s frame s o r 

semanti c networks) .  Standar d technique s o f 

protoco l  analysi s (e.g. ,  tabulatin g specifi c  kind s 

o f  informatio n i n th e protocols )  wer e use d i n 

analysi s 2 . 

Segmentation 
At  th e first  leve l  o f  analysis ,  subjects ' 

protocol s wer e transcribe d an d divide d int o 
syntacti c unit s o r  'segments '  (Dillinger ,  1984) . 
Thi s divisio n facilitate s identificatio n an d 
furthe r  analysi s o f  th e part s o f  th e tex t  an d o f 
th e protocols .  Thi s metho d i s base d o n 
Winograd' s syste m o f  clausa l  analysi s 
(Winograd ,  1983 )  an d derive d fro m th e 
systemi c gramma r  o f  Hallida y (1967) . 

Process of hypothesis generation 
Afte r  th e segmentation ,  subjects ' 

protocol s wer e analyze d an d code d fo r  th e 
generatio n o f  diagnosti c hypotheses .  I n clinica l 
reasonin g th e ter m 'diagnosti c hypothesis ' 
refer s t o an y ideas ,  diagnoses ,  o r  guesse s tha t 
labe l  o r  propos e explanation s whic h wil l  guid e 
investigatio n o f  th e patient' s proble m (Barrows , 
& Tamblyn ,  1980) .  Thes e hypothese s ca n refe r 
t o syndromes ,  specifi c  diseas e entities , 
disorders ,  pathophysiologica l  processes ,  an d 
anatomica l  o r  biochemica l  disturbances . 
Segment  #3 ;  Sh e complaine d o f  feelin g tire d al l  th e 

time ,  ha d a  los s o f  appetite ,  a  3 0 poun d weigh t  gai n an d 
constipation . 
Subject' s Comment :  Sh e ha d a  los s o f  appetite ,  a  3 0 
pound 
weigh t  gain ,  an d constipation .  OK,  right  no w yo u ar e 
wonderin g whethe r  sh e ha s go t  hypothyroidis m whe n 
you ar e lookin g a t  this . 

Hypothese s wer e code d onl y th e firs t 
tim e the y wer e generated .  I n th e abov e 
exampl e hypothyroidis m wa s code d a s a 
diagnosti c hypothesi s generated .  Hypothese s 
whic h wer e repeate d wer e no t  code d twice . 

Segment  7 :  Ther e wer e patche s o f  vitilig o ove r  bot h 
her  legs : 

Subject' s Comment :  Vitilig o ove r  th e legs ,  I t  fit s 

wit h hypothyroidism ,  tha t  yo u hav e on e 
autoimmun e diseas e tha t  yo u ge t  anothe r  autoimmun e 
diseas e Hashimoto' s thyroiditi s  an d vitiligo . 

I n thi s segmen t  onl y Hashimoto ' s 
thyroiditi s  wa s code d a s a  diagnosti c 
hypothesi s generated .  Hypothyroidis m wa s no t 
code d a s a  diagnosti c hypothesi s generate d 
becaus e i t  wa s previousl y generated ,  an d th e 

autoimmun e diseas e wa s considere d t o b e par t 
of  th e Hashimoto' s thyroiditis .  W h e n a  subjec t 
rule d ou t  th e possibilit y  o f  a n hypothesi s 
generate d previousl y durin g th e presentatio n o f 
th e case ,  i t  wa s als o c o d ^  a s a n hypothesi s 
generated . 

Problem representation 
The objectiv e o f  thi s analysi s i s t o 

generat e dat a abou t  th e subjects '  changin g 
representatio n o f  th e problem ,  fro m whic h i t 
wil l  b e possibl e t o infe r  som e characteristic s 
abou t  th e processe s the y use d fo r  constmctin g a 
proble m representatio n an d abou t  th e solutio n 
strategie s the y used .  T o d o thi s i t  wa s 
necessar y t o develo p tw o models :  th e first  wa s 
a genera l  mode l  o f  th e knowledg e necessar y fo r 
generatin g a n accurat e solutio n t o th e problem , 
represente d a s a  causa l  networ k an d referre d t o 
her e a s th e "reference "  o r  "canonical "  mode l 
(Joseph ,  1987 ;  Pate l  &  Groen ,  1986) .  Th e 
secon d wa s a  specifi c  mode l  o f  th e proble m 
(i.e. ,  a  subse t  o f  th e genera l  model )  generate d 
by eac h subjec t  a t  eac h stag e o f  solvin g it . 
Thi s techniqu e ha s prove n usefu l  i n studyin g 
knowledge-base d difference s betwee n expert s 
and novice s (Pate l  &  Groen ,  1986) ,  an d expert s 
wit h differen t  level s o f  expertis e (Josep h & 
Patel ,  1986a,b )  i n diagnosti c reasoning . 

RESULTS AND DISCUSSION 

The Process of Hypothesis 
Generation .  Analysi s o f  th e tim e cours e o f 
th e productio n o f  diagnosti c hypothese s 
focusse d o n difference s betwee n H D K an d 
L D K subject s in :  a )  th e productio n o f  th e 
accurat e diagnosti c subcomponents ,  b )  th e 
patter n o f  hypothesi s generatio n an d 
confirmation ,  an d finall y c )  th e numbe r  o f 
diagnosti c hypothese s generate d b y eac h group . 

First ,  th e H D K subject s ar e expecte d t o 
generat e th e accurat e diagnosti c subcomponent s 
befor e th e L D K subjects .  Second ,  th e patter n 
of  hypothesi s generatio n i s expecte d t o reflec t 
tw o distinc t  stages .  Th e first  stag e consist s o f 
th e generatio n o f  hypotheses ,  followe d b y a 
stag e o f  hypothesi s confirmatio n and/o r  rulin g 
out  inaccurat e hypotheses .  Third ,  th e H D K 
subject s ar e expecte d t o generat e fewe r 
diagnosti c hypothese s tha n th e L D K subjects . 
Thi s i s primaril y du e t o th e difference s i n 
domain-specifi c  knowledg e o f  th e H D K 
subjects . 

Th e overal l  numbe r  o f  diagnosti c 
hypothese s produce d b y th e H D K an d L D K 
subject s i s presente d i n Figur e 1 .  I t  show s 
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clea r  difference s in :  th e patter n o f  hypothesi s 
generation ,  th e numbe r  o f  diagnosti c 
hypothese s generate d b y th e subject ,  an d th e 
tim e take n fo r  th e productio n o f  th e accurat e 
diagnosti c subcomponents . 

Befor e th e presentatio n o f  Segmen t  7 
(b y whic h tim e th e H D K subject s hav e 
generate d al l  thre e accurat e diagnosti c 
subcomponents )  th e H D K subject s generate d 
more diagnosti c hypothese s tha n th e L D K 
subjects .  Afte r  th e presentatio n o f  Segmen t  7 
th e H D K s generate d fewe r  diagnosti c 
hypothese s tha n th e L D K subjects .  O n th e 
othe r  hand ,  th e L D K subject s sho w a  rathe r 
differen t  patter n o f  hypothesi s generatio n bot h 
befor e an d afte r  th e presentatio n o f  Segmen t  7 
(Figur e 1) .  Specifically ,  th e L D K subject s 
sho w littl e differenc e i n thei r  patter n o f 
hypothesi s generatio n befor e an d afte r  th e 
complet e diagnosi s i s reached . 

7 (Segment s 1  t o 7) .  Th e letter s A ,  B  an d C  i n 
Figur e 1  indicat e th e mea n segmen t  numbe r 
wher e th e accurat e diagnosti c subcomponent s 
wer e generated .  A s expecte d th e H D K subject s 
generate d th e accurat e diagnosti c 
subcomponent s earlie r  tha n th e L D K subjects . 
Befor e th e presentatio n o f  Segmen t  7  th e H D K 
subject s generate d mor e hypothese s tha n th e 
L D K subjects .  Bot h group s generate d th e firs t 
tw o subcomponent s o f  th e accurat e diagnosi s 
(Hypothyroidis m an d myxedema) .  Howeve r 
ther e wa s a  tim e differenc e (i.e. ,  numbe r  o f 
segments )  betwee n th e generatio n o f  thes e 
diagnose s i n th e tw o groups .  Th e differenc e 
betwee n th e productio n o f  th e firs t  diagnosti c 
subcomponen t  wa s o f  1  segmen t  (Figur e 1 :  Dif f 
A ) .  Th e differenc e fo r  th e generatio n o f  th e 
secon d subcomponen t  wa s o f  2  segment s 
(Figur e 1 :  Dif f  B) . 
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A: Production of first diagnostic subcomponent 

B:  Productio n o f  th e secon d diagnosti c subcomponen t 

C:  Productio n o f  th e thir d diagnosti c subcomponen t 

1:  Differenc e A 

2:  Difference s 

3:  Differenc e C 

Figur e 1 .  Cumulativ e numbe r  o f  diagnosti c hypothese s generate d b y H D K an d 

L D K subjects . 

Hypothesi s generatio n afte r  Segmen t  7 

(Segment s 7  t o 25 ) :  Th e patter n o f  hypothesi s 

generatio n fro m th e presentatio n o f  Segmen t  7 

t o th e en d o f  th e cas e i s als o presente d i n Figur e 

1.  Onc e again ,  a s expected ,  th e H D K subject s 

generate d th e thir d subcomponen t  o f  th e 

accurat e diagnosi s earlie r  tha n th e L D K 

subjects .  T h e differenc e betwee n th e tw o 

group s i n th e productio n o f  th e thir d diagnosti c 

subcomponen t  w a s o f  4  segment s (Figur e 1 : 

Dif f  C ) .  Furthermore ,  afte r  th e productio n o f 

th e accurat e diagnosi s th e H D K subject s 

generate d ver y fe w n e w diagnosti c hypotheses . 

T h e H D K subject s rule d ou t  s o m e o f  th e 

hypothese s generate d earlier ,  use d th e findings 
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fro m th e physica l  examinatio n t o confir m th e 
diagnosis ,  an d determine d secondar y problems . 

The analysi s o f  th e tim e cours e o f 
hypothesi s generatio n suggest s tha t  th e proces s 
of  hypothesi s generatio n differ s acros s groups . 
The H D K subject s see m t o distinguis h tw o 
phase s i n thei r  proces s o f  hypothesi s 
generation ,  wherea s th e L D K subject s d o not . 
Th e firs t  phas e consist s i n hypothesi s 
generatio n an d th e secon d i n diagnosti c 
confirmation . 

I n th e firs t  stag e (befor e th e presentatio n 
of  Segmen t  7 )  th e H D K subject s us e th e 
informatio n fro m th e medica l  histor y an d a  fe w 
finding s fro m th e physica l  examinatio n t o 
generat e th e accurat e diagnosti c 
subcomponents .  Thi s explain s th e finding  tha t 
H DK subject s generat e mor e diagnosti c 
hypothese s befor e th e presentatio n o f  Segmen t 
7.  Th e rapidit y wit h whic h th e initia l 
hypothese s ar e generate d constitute s th e mos t 
strikin g featur e o f  th e behavio r  o f  experience d 
clinicians .  Ofte n wit h onl y th e age ,  se x an d 
presen t  complain t  o f  th e patient ,  th e clinicia n 
unhesitatingl y select s a  singl e workin g 
hypothesis . 

Th e earl y generatio n o f  accurat e 
diagnosti c hypothese s i s als o importan t  i n 
determinin g tfie  accurat e diagnosis .  Wor k b y 
Barrow s e t  al .  (1978 )  ha s show n tha t  th e earlie r 
a goo d hypothesi s se t  i s  created ,  th e mor e 
predictiv e i t  i s  o f  th e qualit y o f  th e diagnosis . 
Difference s i n th e time  cours e o f  th e generatio n 
of  th e accurat e diagnosti c subcomponent s see m 
consisten t  wit h th e findings  o f  spee d differenc e 
foun d i n th e chess-playin g abilit y  o f  master s v s 
beginner s (Chas e &  Simon ,  1973 )  a s wel l  a s 
th e findings  fro m studie s contrastin g expert s 
and novice s solvin g physic s problem s (e.g. , 
Larki n e t  al ,  1980 ;  Simo n &  Simon,1978) .  Thi s 
differenc e i s explaine d b y th e differenc e i n 
domai n knowledg e betwee n th e H D K an d L D K 
subjects . 

The hypothesi s generatio n proces s i s 
interprete d a s a n indicatio n o f  subjects ' 
organizatio n o f  th e informatio n provide d int o a 
mor e o r  les s coheren t  proble m representation . 
Th e result s discusse d s o fa r  indicat e 
considerabl e difference s i n term s o f  th e 
processe s use d b y th e tw o group s i n generatin g 
diagnosti c hypothese s an d th e accurat e 
diagnosti c subcomponents .  Thi s pose s th e 
questio n o f  th e generativ e differenc e i n ho w th e 
tw o group s construc t  thei r  proble m 
representatio n ove r  time.  I n th e final  se t  o f 
analyses ,  th e informatio n selecte d fi"om  th e 
inpu t  an d th e hypothese s adduce d t o structur e 

tha t  informatio n ar e examine d ove r  th e firs t  si x 
segments ,  i.e. ,  th e hypothesi s generatio n 
phase . 
Proble m representatio n 

The objectiv e o f  thi s analysi s i s t o 
generat e dat a abou t  th e subjects '  changin g 
representatio n o f  th e problem ,  fro m whic h i t 
wil l  b e possibl e t o infe r  som e characteristic s 
abou t  th e processe s the y use d fo r  constructin g 
th e proble m representatio n an d abou t  th e 
solutio n strategie s the y used .  Th e metho d o f 
analysi s develope d fo r  thi s stud y require d th e 
use o f  a  genera l  mode l  o f  th e knowledg e 
necessar y fo r  generatin g a n accurat e solutio n t o 
th e problem ,  represente d a s a  causa l  networ k 
and referre d t o her e a s th e "reference "  o r 
"canonical "  mode l  (se e Pate l  &  Groen ,  1986) . 
Usin g th e referenc e mode l  a s a  template ,  th e 
subject' s curren t  representatio n o f  th e proble m 
was generate d afte r  eac h sentenc e presented . 
The subse t  o f  th e referenc e mode l  tha t  th e 
subjec t  use d wa s highlighte d t o represen t  th e 
knowledg e tha t  h e use d t o construc t  hi s curren t 
interpretatio n o f  th e problem ,  thu s yieldin g 
proble m representatio n afte r  sentenc e 1 .  afte r 
sentenc e 2 ,  etc .  fo r  eac h subjec t 

Referenc e model .  TTi e referenc e mode l 
(Figur e 2 )  depicts ,  base d o n technique s 
develope d i n discours e analysi s an d artificia l 
intelligenc e (se e Frederiksen ,  1986 ;  Brachma n 
«& Levesque ,  1985) ,  th e conceptua l  relation s 
betwee n th e cue s give n i n th e cas e description , 
some o f  th e underlyin g pathophysiologica l 
processe s an d th e component s o f  th e correc t 
diagnosis .  I t  wa s develope d fro m protocol s 
and interview s wit h tw o exper t  endocrinologist s 
and severa l  othe r  physician s a s wel l  a s fro m 
standar d textbook s (e.g. ,  Isselbache r  e t  al. , 
1980) ,  an d i s take n t o represen t  tiie  knowledg e 
require d fo r  generatin g a n exper t  diagnosis . 

The node s represen t  cue s (critica l  i n 
rectangles ;  relevan t  i n rounde d rectangles) ,  th e 
component s o f  th e diagnosi s (fille d ovals) ,  an d 
some o f  th e pathophysiolog y linkin g the m (tex t 
i n italics) .  Th e link s i n th e referenc e mode l 
represen t  relation s betwee n th e nodes ;  mos t  ar e 
causa l  relation s ( C A U )  wit h th e exceptio n o f  a n 
occasiona l  associatio n relatio n ( A N D ) , 
categor y relatio n ( C A T ) ,  o r  conditiona l 
dependenc y relatio n ( C O N D ) .  (Thes e relation s 
ar e define d i n Frederiksen ,  1975. )  Th e node s 
and link s ar e arrange d t o reflec t  th e chai n o f 
ramification s whic h ti e th e diseas e t o it s 
manifestations :  th e centra l  determinant s o f  th e 
patient' s conditio n (i n th e middl e o f  th e 
diagram )  caus e particula r  condition s whic h 
eventuall y lea d t o th e observe d signs , 
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symptom s o r  laborator y result s (a t  th e peripher y 
of  th e diagram) .  Th e link s als o represen t  th e 
rule s necessar y t o generat e a n accurat e solutio n 
t o th e diagnosti c proble m (Pate l  &  Groen , 
1986) .  Th e referenc e mode l  i s use d her e t o 
compar e an d contras t  th e representation s o f  th e 
proble m whic h subject s generat e afte r  th e 
presentatio n o f  eac h tex t  sentence . 

Th e H D K subject s ar e expecte d t o 
generat e a  representatio n tha t  i s  bette r  organize d 
and structure d tha n th e L D K subjects .  Thu s fa r 
th e result s hav e indicate d tha t  th e mos t 
importan t  differenc e betwee n th e tw o group s i s 
a bette r  organizatio n o f  th e informatio n whic h 
allow s a  mor e efficien t  patter n o f  hypothesi s 
generatio n an d confirmatio n b y th e H D K 
subjects .  I n addition ,  th e representatio n 
generate d b y th e H D K subject s shoul d b e mor e 
focusse d tha n tha t  o f  th e L D K subjects , 
primaril y du e t o difference s i n domain-specifi c 
knowledg e betwee n th e tw o group s o f  subjects . 
Th e result s o f  th e detaile d analysi s o f  th e 
sampl e protocol s wil l  preced e th e result s o f  th e 
overal l  analysi s o f  th e generatio n o f  th e proble m 
representations .  A  detaile d analysi s o f  tw o 
sampl e protocol s wil l  b e describe d i n th e nex t 
section . 

D E T A I L E D A N A L Y S I S O F T W O 
S A M P LE P R O T O C O LS 

T h e mappin g o f  th e subjects * 
representation s o n th e referenc e mode l  wil l  b e 
discusse d fo r  Segmen t  nos .  3 ,  4 ,  an d 7 .  Thes e 
thre e segment s ar e chose n becaus e the y 
correspon d t o th e segment s i n whic h th e H D K 
subject s generate d th e accurat e diagnosti c 
subcomponents .  Th e mappin g consist s i n 
doin g a n overla y o f  th e subjects '  representatio n 
ont o th e referenc e mode l  (Figur e 2) .  Th e 
differen t  type s o f  tex t  segment s ar e i n boxe s o f 
differen t  type s an d th e diagnosti c hypothese s 
generate d b y th e subject s ar e surrounde d b y 
dar k circles .  Th e pathophysiologica l 
mechanism s use d b y th e subject s ar e i n italics . 
A mor e detaile d descriptio n o f  th e metho d wa s 
give n i n Josep h an d Pate l  (1986a,b) .  Thi s 
metho d wa s originall y use d b y Pate l  &  Groe n 
(1986 )  t o stud y solutio n strategie s o f  expert s 
and novice s i n diagnosti c reasonin g i n 
medicine . 

The mappin g o f  th e H D K subjec t  i s 
expecte d t o b e mor e closel y relate d t o th e 
referenc e model .  Hi s representatio n wil l  b e 
mor e organize d (contai n mor e links )  an d mor e 
focuse d (fewe r  type s o f  diagnosti c hypothese s 
generated) .  Th e H D K subjec t  i s  als o expecte d 
t o elaborat e mor e o n th e findings  abou t  th e 

patient ,  i.e. ,  generat e mor e link s fro m diagnosi s 
t o pathophysiologica l  mechanism s an d 
findings ,  tha n th e L D K subject .  Th e 
representatio n o f  th e H D K subjec t  i s  als o 
expecte d t o b e mor e focuse d tha n tha t  o f  th e 
L D K subjects ,  du e t o th e two-stag e patter n o f 
hypothesi s generatio n o f  th e H D K subjects .  I n 
addition ,  i n th e secon d stag e th e H D K subject s 
generate d ver y fe w additiona l  o r  ne w diagnosti c 
hypotheses . 
S E G M E NT m 

The mappin g o f  th e H D K an d L D K 
subject' s representatio n fo r  Segmen t  3  ont o th e 
referenc e mode l  i s  illustrate d i n Figur e 3 .  Th e 
findings  presente d i n tha t  segmen t  activate d th e 
generatio n o f  th e genera l  diagnosti c 
subcomponen t  (Hypothyroidism) .  Afte r  tha t 
th e subjec t  elaborate d o n th e genera l  conditio n 
of  th e patient' s state ,  generatin g causa l  link s 
fro m pathophysiologic ^  processe s t o othe r  tex t 
cue s (e.g. ,  respirator y distres s causin g th e on e 
week histor y o f  shortnes s o f  breat h an d th e fac t 
tha t  hypothyroidis m cause d som e fluid  retentio n 
whic h i n tur n cause d th e patient' s weigh t  gain) . 

The organizationa l  patter n o f  th e LDK' s 
representatio n i s als o consisten t  wit h th e 
previou s segments .  I n thi s case ,  however ,  i t  i s 
th e evaluatio n o f  individua l  findings  whic h 
lead s t o th e generatio n o f  mor e diagnosti c 
hypothese s (psychiatri c problem ,  depression , 
an d decrease d glandula r  function) . 
Nonetheless ,  th e L D K subjec t  generate d a 
genera l  descriptio n o f  th e firs t  diagnosti c 
subcomponen t  (endocrin e disorde r  o r  on e o f 
decrease d glandula r  function) . 

The H D K subject s see m t o organiz e th e 
.  informatio n i n a  wa y tha t  limit s th e generatio n 
of  multipl e hypotheses ,  wherea s th e L D K 
subjec t  i s  no t  abl e t o us e suc h efficien t  pattern s 
of  organizatio n o f  informatio n t o limi t  th e 
generatio n o f  ne w hypotheses .  Bot h subject s 
generat e th e firs t  subcomponen t  o f  th e 
diagnosis . 
S E G M E NT M 

The mappin g o f  th e H D K an d L D K 
subject' s representatio n fo r  thi s segmen t  ont o 
th e referenc e mode l  i s illustrate d i n Figur e 4 . 
At  th e presentatio n o f  thi s segmen t  th e H D K 
subjec t  generate d th e secon d subcomponen t  o f 
th e accurat e diagnosi s (myxedema) ,  an d use d 
th e sam e link s a s thos e illustrate d i n th e 
referenc e model .  Th e L D K subjec t  als o 
generate d th e secon d subcomponen t  o f  th e 
diagnosis .  However ,  a s wa s th e cas e i n th e 
precedin g segmen t  (#3 )  th e subjec t  als o 
provide d a  mor e genera l  explanatio n fo r 
myxedema:  "advance d hypothyroidism" . 
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S E G M E NT if ? 
The mappin g o f  th e H D K an d L D K 

subjects '  representatio n fo r  thi s segmen t  ont o 
th e referenc e mode l  i s illustrate d i n Figur e 5 . 
The H D K subjec t  generate d th e specifi c 
subcomponen t  o f  th e accurat e diagnosi s fro m 
th e findin g presente d i n tha t  segment . 

The L D K subjec t  als o recognize d th e 
autoimmun e process .  However ,  th e L D K 
subject s ha d th e wron g categor y o f  autoimmun e 
proces s (perniciou s anemia) .  Thi s i s interprete d 
as a n indicatio n o f  th e differenc e i n domain -
specifi c  knowledg e betwee n th e H D K an d L D K 
subject . 

Overall ,  th e result s fi-om  th e analysi s o f 
th e proble m representatio n generate d b y th e 
H DK an d th e L D K subject s sugges t  tha t  whil e 
ther e i s overla p i n th e generatio n o f  th e firs t  tw o 
diagnosti c subcomponents ,  o n th e on e hand , 
th e diagnose s o f  th e H D K subjec t  ar e mor e 
specifi c  an d precise ,  an d o n th e other ,  th e L D K 
subjec t  provide s a  genera l  descriptio n o f  th e 
disease .  Secondly ,  tihe  patter n o f  generatio n o f 
th e tw o subcomponent s i s differen t  fo r  bot h 
subjects .  Th e differenc e i s mainl y i n th e 
organizatio n o f  th e informatio n tha t  lead s t o th e 
generatio n o f  th e diagnosti c subcomponents . 
For  example ,  th e H D K subjec t  generate s th e 
secon d diagnosti c subcomponen t  (myxedema ) 
by associatin g th e finding  tha t  th e patien t  wa s 
hypothyroi d an d wa s give n a  potassiu m iodid e 
mixture .  O n th e othe r  hand ,  th e L D K subjec t 
generate d a  genera l  descriptio n o f  th e diagnosi s 
by associatin g th e finding  o f  potassiu m iodid e 
wit h th e slo w an d hoars e voice .  Th e H D K 
subject' s elaboratio n seem s t o b e mor e complet e 
and focuse d tha n th e on e o f  th e L D K subject . 
The representatio n o f  th e H D K subjec t  map s 
more directi y ont o th e referenc e nxxie l  tha n tha t 
of  th e L D K subject .  Finally ,  th e L D K subjec t 
re-evaluates  th e explanatio n o f  finding s afte r  th e 
presentatio n o f  th e las t  tw o segments ,  whil e th e 
H DK subjec t  doe s ver y litti e re-evaluation . 

The patter n use d b y th e tw o subject s i n 
generatin g a  representatio n seem s consisten t 
wit h th e suggestio n o f  Gic k &  Holyoak , 
(1983 )  tha t  th e H D K subject' s constructio n o f 
hi s representatio n i s schema-driven .  Durin g 
th e constructio n o f  th e proble m representatio n 
certai n findings  (tex t  cues )  see m t o activat e a 
diseas e schem a fi-o m whic h th e solve r  extract s 
th e give n an d th e goa l  informatio n an d connea s 
i t  t o existin g knowledg e s o tha t  a n integrate d 
representation  ca n b e formed .  Thi s explain s th e 
organizationa l  differenc e (multitud e o f  link s 
generate d fro m individua l  cue s a s wel l  a s th e 
number  o f  diseas e hypothese s generate d fro m 

th e selecte d cues )  betwee n th e H D K an d th e 
L D K subject s durin g thei r  on-lin e 
interpretation .  Hence ,  fo r  th e expert ,  solvin g a 
proble m begin s wit h th e identificatio n o f  th e 
righ t  solutio n schema ,  an d the n th e exac t 
solutio n procedur e involve s th e instantiatio n o f 
th e relevan t  piece s o f  informatio n a s specifie d i n 
th e schema .  Whil e novice s als o solv e problem s 
i n a  schema-drive n way ,  thei r  schem a o f 
proble m type s i s mor e incomplet e an d 
incoheren t  tha n thos e possesse d b y th e experts . 

The result s o f  thi s stud y rais e som e 
question s regardin g th e assumptio n o f  th e 
hypothetico-deductiv e mode l  a s a  characteristi c 
of  exper t  reasonin g i n medicin e a s formulate d 
by som e researcher s (cf .  Elstei n e t  al ,  1978) . 
TTi e results  presente d abov e see m t o mak e mos t 
sens e i n th e contex t  o f  a  two-ste p mode l  o f 
clinica l  reasoning .  Th e first  ste p i s tha t  o f 
generatin g a  coheren t  proble m representation , 
and th e secon d i s tha t  o f  evaluatin g it s 
goodness-of-fi t  (confirmatio n an d rulin g ou t  o f 
diagnosti c hypotheses ) 

The processe s o f  organizin g th e 
incomin g cas e informatio n ar e clearl y th e mos t 
importan t  t o th e stud y o f  diagnosti c reasonin g 
(se e Patel ,  &  Frederiksen ,  1984) .  Th e 
physicia n receive s a  lis t  o f  unrelate d cue s (a t 
leas t  non e o f  th e relation s ar e mad e explici t  i n 
th e cas e description )  an d ha s t o impos e o n tha t 
lis t  a n organizatio n tha t  maximize s it s 
coherence ,  normall y b y constructin g link s (o r 
addin g relations )  betwee n th e cue s an d on e o r 
more diagnoses .  Th e resultin g structur e o f  cue -
node s an d hypothesis-link s i s wha t  i s usuall y 
referre d t o a s th e physician' s proble m 
representation .  Th e analysi s o f  th e proces s o f 
generatio n o f  th e hypothese s produce d i n 
buildin g thes e representation s suggest s tha t 
expert s divid e thei r  tim e assessin g a  cas e 
descriptio n betwee n a  firs t  phas e o f  activ e 
generatio n o f  hypothese s an d a  secon d i n 
whic h thi s generatio n activit y i s absent .  I t 
seems reasonabl e t o assum e tha t  th e first  phas e 
correspond s t o th e organizationa l  proces s o f 
representin g th e problem ,  an d th e secon d phas e 
correspond s t o a  differen t  process ,  presumabl y 
one o f  evaluatin g th e representation .  Th e fac t 
tha t  th e time  cours e o f  hypothesi s generatio n 
(tim e i n whic h tw o o f  th e accurat e diagnosti c 
subcomponents )  wa s ver y simila r  fo r  th e tw o 
group s i n th e first ,  organizational ,  phas e 
suggest s a  limite d rol e o f  domain-specifi c 
knowledg e -  instea d i t  ma y b e determine d b y 
genera l  proble m solvin g skill . 

The secon d hypothesize d ste p i s tha t  o f 
evaluatin g th e proble m representation(s ) 
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produced .  Presumably ,  proble m representation s 
woul d hav e t o b e evaluate d wiU i  respec t  t o 
coverag e o f  th e cue s presented ,  interna l 
coherence ,  an d relative  certaint y wit h whic h on e 
hypothesi s ca n b e propose d ove r  another . 
Evidenc e fo r  a  two-ste p mode l  come s fro m Ui e 
clea r  chang e i n hypothesis-generatin g activit y 
afte r  sentenc e seve n (fo r  th e H D K subjects) , 
and fro m th e fac t  tha t  th e L D K subject s 
continue d t o generat e ne w hypothese s eve n 
afte r  the y ha d produce d al l  o f  th e component s 
of  th e correc t  diagnosis .  Thi s suggest s a  mor e 
importan t  rol e o f  domain-specifi c  knowledg e i n 
evaluatin g hypothese s tha n i n generatin g them . 

Thi s stud y als o ha s implication s fo r 
researcher s i n th e field  o f  artificia l  intelligence , 
especiall y fo r  th e developmen t  o f  exper t 
system s (Buchana n &  Shortliffe ,  1984 )  an d 
intelligen t  tutorin g system s (ITS )  (Anderson , 
Boyl e &  Yost ,  1985 ;  Clancey ,  &  Letsinger , 
1984 ;  Shut e &  Bonnar ,  1985) .  A  centra l 
proble m wit h th e developmen t  o f  thes e system s 
i s generatin g model s o f  exper t  knowledge .  Th e 
traditiona l  metho d fo r  developin g exper t  model s 
has bee n base d o n th e us e o f  protoco l  analysi s 
method s t o extrac t  informatio n from  interview s 
wit h expert s i n a  particula r  area .  Whil e th e us e 
of  thi s metho d ha s no t  bee n unsuccessful ,  a 
number  o f  researcher s hav e becom e concerne d 
about  th e validit y an d efficienc y o f  th e intuitive , 
non-forma l  method s use d i n protoco l  analysi s 
and th e limite d informatio n i t  provide s abou t  th e 
expert' s us g o f  hi s knowledg e (Kassire r  e t  al. , 
1978) .  Th e us e o f  a n on-lin e task-environmen t 
wit h th e combinatio n o f  protoco l  an d discours e 
analysi s technique s seem s t o b e a  firs t  ste p 
toward s th e solvin g thi s comple x proble m b y 
complementin g qualitativ e dat a t o supplemen t 

di e quantitativ e dat a normall y used .  Thi s stud y 
has demonstrate d th e richnes s o f  th e protocol s 
thu s produced . 

An obviou s extensio n o f  thi s researc h 
involve s th e us e o f  a n interactiv e on-lin e tas k 
environmen t  i n whic h subject s ca n contro l  th e 
orde r  an d conten t  o f  th e informatio n tha t  i s 
presente d b y requestin g wha t  the y nee d a t  a 
particula r  poin t  i n solvin g a  problem .  Th e mai n 
differenc e betwee n suc h a  tas k environmen t  an d 
th e on e use d i n thi s stud y i s tha t  th e informatio n 
her e wa s presente d i n a  fixed  orde r  no t  unde r 
th e subject' s control .  A  mor e flexibl e 
environmen t  wil l  allo w subject s t o explor e 
differen t  hypothese s freely,  as k question s a t 
any time,  an d backtrac k t o revie w informatio n 
presente d earlier .  Th e protocol s an d time  dat a 
thu s produced ,  whe n analyze d wit h mor e 
refine d version s o f  th e method s use d here , 
promis e t o yiel d m u c h mor e detaile d 
informatio n abou t  th e intricat e processe s o f 
proble m solvin g i n technical-scientifi c  domains . 
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