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An important development in recent research in problem solving has been the development 

of  ne w theorie s an d mor e rigorou s method s wit h whic h t o formulat e detaile d hypothese s abou t  th e 

processe s tha t  constitut e exper t  performanc e i n variou s domains .  Domain s i n whic h suc h researc h 

can b e foun d includ e ches s (Chas e &  Simon ,  1973) ,  physic s (Larki n e t  al ,  1980) ,  an d medicin e 

(Elstei n e t  al. ,  1978 ;  Pate l  &  Groen ,  1986) . 

Studie s o f  expertis e hav e le d t o th e hypothesi s tha t  th e dominan t  componen t  o f  exper t 

performanc e i s relate d t o th e expert' s  abilit y  t o represen t  problem s successfully ,  an d tha t  thi s 

result s fro m th e expert' s  havin g a  ric h an d wel l  organize d knowledg e bas e i n whic h pattern s o f 

feature s i n th e proble m ar e associate d wit h concept s a t  varyin g level s o f  generality .  Thi s enable s 

expert s t o recogniz e th e salien t  feature s o f  th e problem ,  t o interpre t  informatio n relevan t  t o it s 

solutio n (Johnso n e t  al. ,  1981) ,  an d searc h fo r  th e method s an d operation s t o b e use d i n solvin g 

th e proble m (Green o &  Simon ,  1984 )  al l  wit h greate r  efficienc y tha n novices .  Moreover ,  exper t 

proble m solver s ten d t o us e forwar d chainin g strateg y whe n solvin g a  simpl e o r  familia r  proble m 

(Simo n &  Simon ,  1978 ;  Ch i  e t  al. ,  1981 ;  Glaser ,  1985 ;  Larki n e t  al. ,  1980) .  Thi s forward -

chainin g strateg y changes ,  however ,  t o a  ver y sophisticate d means -  end s analysi s (Green o & 

Simon ,  1985 ;  Ch i  e t  al. ,  1981 )  o r  backwar d chainin g (Bhaska r  &  Simon ,  1977 )  whe n solvin g a 

difficul t  o r  unfamilia r  problem .  Thes e studie s hav e provide d evidenc e suggestin g hypothese s abou t 

th e kind s o f  processe s an d knowledg e structure s expert s us e whil e workin g o n familia r  problem s 

or  problem s withi n thei r  domai n o f  expertise . 

Thes e researc h suggest s tha t  expertis e i s determine d b y subjects '  (i )  prio r  knowledg e o f  a 

particula r  domain ,  (ii )  thei r  knowledg e o f  genera l  proble m solvin g methods ,  an d (iii )  thei r 

knowledg e o f  an y domain-specifi c  heuristics .  Testin g expert s i n proble m solvin g outsid e thei r 
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domai n o f  expertis e shoul d thu s mak e i t  possibl e t o contras t  thei r  performanc e i n th e tw o domain s 

and thereb y begi n t o asses s th e relativ e contribution s o f  domain-specifi c  knowledg e vs .  genera l 

proble m solvin g ability .  Th e nee d fo r  makin g thi s contrast ,  an d th e difficult y o f  doin g so ,  ha s 

bee n pointe d ou t  mos t  recentl y b y Green o &  Simo n (1984) . 

Studie s o f  expert s workin g o n problem s outsid e thei r  specialt y are a hav e foun d tha t 

experts '  problem-solvin g skill s  diminis h notabl y i n suc h unfamilia r  domain s (Kassire r  e t  al. , 

1982) .  Mille r  (1975 )  foun d tha t  expert s approac h non-specialt y problem s "mor e parsimoniously" , 

and tha t  the y resor t  t o strategie s commonl y associate d wit h novic e performance .  Means-end s 

analysi s wa s foun d t o b e th e primar y strateg y use d whe n th e proble m solve r  ha s littl e domain -

specifi c  knowledg e (Green o an d Simon ,  1984) .  Erns t  an d Newel l  (1969 )  hav e show n tha t  wit h 

unfamilia r  problems ,  expert s rel y mor e o n problem-solvin g strategie s rathe r  tha n o n domain -

specifi c  knowledge .  Boshuize n an d Claesse n (1977 )  identifie d som e o f  th e problem s involve d i n 

suc h studies .  Anothe r  importan t  characteristic s o f  exper t  performanc e i s th e differenc e betwee n th e 

solutio n strategie s use d b y expert s an d novices .  Th e distinctio n i s tha t  expert s us e a  "forwar -

chaining "  strategy ,  wherea s novice s us e a  "backward-chainin g strategy" . 

Subjects '  proble m space s ar e determined ,  i n general ,  b y th e searc h method s tha t  th e 

subject s use ,  th e feature s o f  th e problem' s solution ,  an d thei r  knowledg e o f  th e proble m domain . 

I n situation s wher e exper t  proble m solver s d o no t  hav e specia l  trainin g i n a  proble m domain ,  the y 

must  construc t  a  proble m spac e tha t  include s representation s o f  th e strategie s an d constraint s 

necessar y t o solv e th e problem .  I f  subject s hav e specia l  trainin g o r  experienc e i n th e proble m 

domain ,  thei r  prio r  knowledg e include s genera l  characteristic s o f  th e proble m space ,  an d thei r 

representation s o f  th e individua l  problem s ar e base d o n thi s knowledg e (Green o an d Simon , 

1984) .  Thes e result s an d observation s lea d u s t o believ e tha t  expert s workin g withi n an d outsid e 

of  thei r  specialitie s wil l  us e ver y differen t  strategie s and/o r  whateve r  domai n knowledg e the y hav e 

available . 

Attempt s t o asses s th e relativ e contribution s o f  domai n knowledg e vs .  proble m solvin g 

strategie s requir e specifi c  informatio n abou t  bot h ho w th e subject' s representatio n o f  th e proble m 
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change s ove r  tim e an d th e domai n knowledg e necessar y t o construc t  an d modif y thes e 

representations .  Neithe r  o f  th e tw o mos t  widel y use d methods ,  however ,  see m t o b e abl e t o 

provid e thi s kin d o f  informatio n (Pate l  e t  al. ,  1986) .  "Think-aloud "  protocol s (e.g .  Green o & 

Simon ,  1984 ;  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 (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 ' 

processing .  On e o f  th e majo r  concern s raise d b y protoco l  analysi s i s th e lac k o f  formal ,  objectiv e 

method s fo r  analyzin g comple x verba l  material .  Method s o f  propositiona l  analysi s hav e bee n 

propose d t o mee t  thi s conce m (e.g. ,  Kintsch ,  1974 ;  Frederiksen ,  1975 )  an d hav e mos t  ofte n bee n 

applie d t o stimulu s text s an d recal l  protocols .  Althoug h recal l  protocol s provid e quit e detaile d dat a 

about  representatio n i n memor y an d inference s base d o n domai n knowledge ,  the y ar e ver y limite d 

i n th e amoun t  o f  informatio n the y ca n provid e abou t  ho w representation s o f  a  proble m chang e ove r 

time . 

Recently ,  a  numbe r  o f  researcher s hav e addresse d thes e problem s b y combinin g th e tw o 

methods ,  i.e. ,  performin g propositiona l  analyse s o f  think-alou d o r  on-lin e protocol s (e.g .  Kintsc h 

& Greeno ,  1985) .  Thi s strateg y ha s prove n usefu l  fo r  studyin g strategie s o f  readin g 

comprehensio n (Scardamali a &  Bereiter ,  1984 )  an d writin g (Breuleu x &  Bracewell ,  1986) .  A s a 

furthe r  refinement ,  thi s stud y prompt s subject s t o thin k alou d a t  regula r  intervals .  Thi s on-lin e 

procedur e allow s fine r  contro l  o f  th e stimul i  th e subjec t  i s t o respon d to ,  an d ma y provid e mor e 

detaile d informatio n abou t  th e subject' s changin g representatio n o f  th e proble m a s a  functio n o f 

specifi c  portion s o f  th e inpu t  tex t 

I n th e presen t  stud y w e ar e primaril y intereste d i n testin g th e exten t  t o whic h expertis e i s 

dependen t  o n domai n knowledge ,  rathe r  tha n th e interactio n o f  domai n knowledg e an d proble m 

solvin g processes .  I f  expertis e i s primaril y dependen t  o n domai n knowledge ,  the n whe n workin g 

on problem s outsid e thei r  domai n o f  expertise ,  expert s shoul d resor t  t o strategie s (e.g .  backwar d 

chaining )  tha t  ar e commonl y associate d wit h novices .  However ,  i f  expertis e i s mor e a  functio n o f 
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genera l  proble m solvin g methods ,  the n ther e shoul d b e fe w difference s i n exper t  performanc e 

acros s th e boundarie s o f  thei r  domai n o f  expertise . 

METHOD 

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 .  Althoug h al l  subject s ha d a  genera l  knowledg e o f  medicine , 

th e tw o group s differe d i n thei r  specifi c  knowledg e o f  endocrinology :  ther e wa s a  hig h domain -

knowledg e ( H D K )  grou p consistin g o f  fou r  endocrinologist s an d a  lo w domain-knowledg e (LDK ) 

grou p consistin g o f  fiv e cardiologists . 

Materials . 

A descriptio n o f  a  clinica l  cas e i n endocrinolog y base d o n a  rea l  patien t  wa s selecte d a s 

stimulu s materia l  (Appendi x  1) .  Th e cas e wa s describe d i n th e followin g order ;  th e patient' s 

histor y (Segment s 1  t o 4) ,  findings  obtaine d fro m examinatio n o f  bodil y system s (Segment s 4  t o 

22) ,  an d result s from  laborator y test s (Segment s 2 3 an d 24) . 

The diagnosi s o f  th e cas e ha s thre e subcomponent s varyin g i n specificity .  Th e firs t 

subcomponen t  i s a  slo w progressiv e decreas e i n thyroi d function :  chroni c hypothyroidism .  Th e 

secon d subcomponen t  i s a  chang e from a  chroni c t o a n acut e for m o f  hypothyroidism ,  precipitate d 

by a  prescribe d coug h medicin e an d leadin g t o a  stat e o f  myxedem a pre-coma .  Th e thir d 

subcomponen t  i s a n autoimmun e conditio n calle d Hashimoto' s thyroiditi s  a s th e caus e o f  th e 

hypothyroidism .  Th e complet e diagnosis ,  then ,  is :  Hashimoto' s thyroiditi s  leadin g t o 

hypotiiyroidism ,  precipitate d t o myxedem a pre-com a b y previou s medication . 

Procedure . 

Subject s wer e teste d individuall y a t  thei r  hospita l  offices .  The y wer e first  give n a  shor t 

practic e sessio n t o familiariz e themselve s wit h th e procedure .  Th e clinica l  cas e wa s presente d o n 

th e scree n o f  a n Appl e Macintos h on e sentenc e a t  a  time,  usin g softwar e develope d fo r  thi s purpos e 

by th e firs t  author .  Subject s initiate d th e presentatio n o f  eac h sentenc e b y pressin g th e mous e 
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button .  Fo r  eac h sentenc e presented ,  subject s wer e aske d t o verbaliz e thei r  thought s abou t  th e 

contributio n o f  th e sentenc e toward s th e generatio n o f  a  diagnosis .  A s soo n a s th e subjec t  presse d 

th e mous e butto n again ,  th e nex t  sentenc e wa s presented ,  replacin g th e previou s one .  Subject s 

wer e no t  allowe d t o loo k bac k t o an y prio r  par t  o f  th e text .  Afte r  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 t o provid e thei r  diagnosis(es) .  Subjects ' 

verbalization s wer e recorde d an d late r  transcribe d verbatim . 

ANALYSES 

Protocol Analysis. 

The informatio n i n eac h tex t  segmen t  o f  th e origina l  stimulu s tex t  wa s initiall y  categorize d 

as eithe r  critical ,  relevant ,  o r  nonrelevant ,  base d o n th e judgement s o f  tw o exper t  endocrinologists . 

Cues wer e rate d a s "critical "  i f  the y wer e deeme d necessar y an d sufficien t  fo r  th e generatio n o f  th e 

accurat e diagnosis .  Relevan t  cue s wer e considere d necessar y bu t  no t  sufficien t  fo r  th e generatio n 

of  th e accurat e diagnosis .  Nonrelevan t  cue s include d th e remainde r  o f  th e information ,  th e 

omissio n o f  whic h shoul d no t  hav e affecte d th e generatio n o f  a n accurat e diagnosis .  Th e inter-rate r 

reliabilit y  wa s .9 2 fo r  th e critica l  cue s an d .8 5 fo r  th e relevan t  cues . 

Each subject' s protoco l  wa s transcribe d s o tha t  eac h segmen t  fro m th e origina l  tex t  wa s 

followe d b y th e physician' s comment s o n tha t  segment .  Subjects '  comment s o n eac h segmen t 

wer e the n code d fo r  th e presenc e o f  th e differen t  type s o f  cues ,  an d link s generate d fro m th e cue s 

t o hypothetica l  causes .  I f  th e cu e wa s onl y repeate d an d n o lin k wa s suggested ,  the n i t  wa s code d 

as absen t  (se e exampl e 1) .  I f  th e cu e wa s repeate d an d a  lin k wa s suggested ,  the n th e cu e wa s 

code d a s accesse d an d a  lin k wa s code d a s hypothesize d (se e exampl e 2) . 

(1 )  Segmen t  #9 :  He r  bod y temperatur e wa s 3 6 deg .  C . 
Subject :  He r  bod y temperatur e wa s 3 6 deg .  C ,  tha t  doe s no t  tel l  m e ver y much . 

I n th e precedin g segmen t  (se e Appendi x 2 ,  Subjec t  2) ,  ther e ar e n o cue s code d a s accesse d an d n o 

link s generate d fro m it . 

(2 )  Segmen t  #3 :  Sh e complaine d o f  feelin g tire d al l  th e time ,  ha d a  los s appetite ,  a 
30 lb .  weigh t  gai n an d constipation . 
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Subjec t  Sh e ha d a  los s o f  appetite ,  a  3 0 lb .  weigh t  gain ,  an d constipation .  OK.. . 
Righ t  no w w e ar e wonderin g whethe r  sh e ha s go t  hypothyroidis m whe n yo u ar e 
lookin g a t  this . 

I n thi s situatio n ther e ar e thre e cue s accesse d (underlined) ,  an d thre e link s generate d from 

thes e cue s (linkin g statemen t  i n italic s )  t o on e o f  th e subcomponent s o f  th e diagnosi s 

(hypothyroidism) .  Thi s metho d i s describe d i n mor e detai l  i n Josep h &  Pate l  (1986) . 

Accurac y o f  diagnoses . 

The diagnose s o f  al l  th e subject s wer e analyze d fo r  th e presenc e o r  absenc e o f  th e thre e 

subcomponent s wit h th e assistanc e o f  a n exper t  endocrinologis t  wh o di d no t  kno w whic h subject s 

belonge d t o whic h group . 

Fram e analyses . 

One representativ e subjec t  from  eac h grou p wa s analyse d i n mor e detai l  (Subject s 2  an d 3) . 

Frame analyse s (cf .  Pate l  &  Groen ,  1986 )  base d o n method s o f  propositiona l  analysi s wer e 

performe d o n th e relation s tha t  th e subject s generate d betwee n cue s an d thei r  hypothetica l  causes , 

and generate d semanti c network s correspondin g t o eac h hypothesize d relation .  Subjects '  frame s 

wer e the n compare d t o determin e thei r  strategie s fo r  usin g th e cue s provide d t o generat e diagnosti c 

hypotheses ,  a s wel l  a s difference s i n th e proble m representation s the y generate d a s th e informatio n 

was presented . 

R E S U L TS A N D D ISCUSSIO N 

Protocol analysis: Cues selected and links generated. 

The result s o f  th e analysi s o f  cue s selecte d an d link s generate d indicat e tha t  th e mai n 

differenc e betwee n th e tw o group s i s th e numbe r  o f  link s generate d from  th e critica l  cue s (Figur e 

1) .  Hig h domai n knowledg e H D K subject s generate d mor e link s from  th e critica l  cue s selecte d 

wherea s lo w domai n knowledg e L D K subject s generate d fewe r  link s from  th e critica l  cue s 

selected .  Bot h group s generate d fewe r  link s fro m relevan t  cues .  However ,  th e H D K grou p 

selecte d mor e relevan t  cue s an d generate d mor e link s fro m thes e cue s tha n di d th e L D K group . 
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There was also greater variability between groups in the relationship between critical cues selected 

and links generated, than for the links generated from relevant cues. 

\ 

— -  Hig h domai n knowledg e grou p 

^^ -  L o w domai n knowledg e grou p 
J 

100- 1 

-  8 0 -

60 -

40 -

'•* , 

{ - 1 1  1 

Critica l  Cue s Critica l  Relevan t 
selecte d Cue s linke d cue s selecte d 

Types of cues selected and linked 

1 

Relevan t 
cue s linke d 

Figur e 1 .  Mea n percen t  o f  cue s selecte d an d linke d b y hig h an d lo w domai n 
knowledg e subjects . 

Accurac y o f  diagnoses : 

All the subjects in this group generated the general subcomponent of hypothyrodism in 

their diagnostic statement (Figure 2). Sixty percent generated the myxedema subcomponent, but 

they all omitted the pre-comatose aspect of the myxedema. Finally, only twenty percent of the 

subjects generated the Hashimoto subcomponent as part of their diagnostic statement. In addition, 

subjects generated differential diagnoses, an ordered list of the most likely diagnostic possibilities 

of the causes of the patient's disorder. The most frequent differentials listed were: Adrenal failure, 

pituitary tumor. Hypophyseal disorder, and pericardial effusions. 

337 



J O S E PH «f e P A T E L 

Thus far, the use of surface measures to evaluate the performances of experts working on 

problems within and outside their domain of expertise has not yielded meaningful information 

about the role of domain knowledge and problem solving strategies in the process of clinical 

reasoning. The main difference in the analysis of accuracy of the diagnosis that LDK experts are 

more general in determining their diagnostic statement. Their uncertainty thus explains why they 

generate a very general list of differentials for the causes of the patient's disorder. 

1 0 0 ^ 

80 _ 

60 

,5 ^ 

I  4 0 - J 

20 J 

0 

L o w domai n knowledg e 

expert s 

Hig h doma i n knowledg e 

expert s 

Hypothyroidis m Myxedem a 
T 

1 

Hashimoto' s ' 
thyroiditi s 

Subcomponent s o f  accurat e diagnosi s 

Figur e 2 .  M e a n percen t  o f  subcomponen t s o f  th e acurat e 

diagnosi s b y hig h an d lo w domai n knowledg e subjects . 

The latte r  finding  i s consisten t  wit h studie s o f  comprehensio n o f  clinica l  case s i n whic h n o 

differences were found for experts' recall of relevant and non-relevant information in "atypical" 

cases (Coughlin & Patel, 1986). Therefore, more detailed and structural analysis of, the heuristic 
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strategie s an d prio r  knowledg e tha t  ar e neede d t o generat e a  representatio n o f  th e proble m i s 

expecte d t o yiel d proces s difference s betwee n th e tw o groups .  Th e result s o f  thi s analysi s i s 

provide d i n th e nex t  section . 

Analysi s o f  th e onlin e protoco l  o f  a  H D K suhfect :  Th e analysi s o f  th e structura l 

representation s o f  th e onlin e protoco l  o f  a n H D K subjec t  i s  presente d segmen t  b y segmen t  i n 

Figur e 3 .  Segment s i n whic h ther e wer e n o response s wer e omitted .  Th e firs t  importan t  finding 

of  thi s analysi s wa s tha t  althoug h thi s subjec t  identifie d th e thre e subcomponent s o f  th e diagnosis , 

he di d no t  repor t  the m whe n aske d t o provid e hi s diagnosis .  Hi s diagnosti c hypothesi s starte d 

wit h a  "forwar d chaining "  strategy ,  followe d b y a  "backwar d chaining "  strateg y use d t o elaborat e 

on th e underlyin g causa l  mechanism s o f  th e relationshi p betwee n th e cue s an d th e hypothesi s 

(Figur e 3 ,  Segment s 3  an d 4) .  Afte r  th e generatio n o f  th e thre e diagnosti c subcomponent s 

(Segment  7) ,  th e processin g o f  th e cue s followe d a  mode l  o f  "patte m recognition "  i n orde r  t o eithe r 

confir m th e diagnosti c hypothesi s o r  t o rul e ou t  th e tw o hypothese s tha t  wer e generate d a t  th e 

beginnin g o f  th e case . 

Analysi s o f  th e onlin e protoco l  o f  a  L D K subject :  Th e analysi s o f  th e structura l 

representatio n o f  th e onlin e protoco l  o f  a  L D K subjec t  i s  provide d i n Figur e 4 .  Contrar y t o th e 

representation s o f  th e H D K subject ,  thi s subjec t  provide d onl y th e genera l  subcomponen t  o f  th e 

diagnosis ,  hypothyrodis m a t  Segmen t  4 .  Th e othe r  tw o component s wer e no t  mentione d wit h th e 

exceptio n o f  Segmen t  9 ,  wher e th e subjec t  mention s th e "advance d hypothyrodism" .  Th e subjec t 

generate d man y diagnosti c hypothese s (e.g .  psychiatri c disorder ,  chroni c rena l  disease ,  anemia ) 

withou t  rulin g the m ou t  a s possibilities ,  an d seeme d t o generat e th e hypothese s usin g a  for m o f 

"backwar d chaining "  (Segment s 4  an d 5) .  Finally ,  thi s subjec t  generate d ver y fe w causa l 

explanation s (e.g .  causa l  links )  an d instea d use d a  proces s tha t  wa s mor e cu e driven .  Tha t  is , 

evaluate d individua l  cue s a s the y wer e presented .  I n som e instance s h e rule d ou t  a  possibl e 

hypothesi s bu t  reinstate d th e hypothesi s a t  th e presentatio n o f  th e nex t  cu e (Segment s 1 0 an d 11) . 

The result s o f  th e followin g stud y woul d ten d t o suppor t  th e hypothesi s tha t  whe n workin g 

on problem s i n whic h expert s lac k specifi c  domai n knowledge ,  the y rel y o n genera l  knowledg e i n 
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th e proble m domai n t o solv e th e problem .  However ,  th e us e o f  genera l  knowledg e directl y affect s 

th e overal l  representatio n o f  th e proble m a s wel l  a s th e type s o f  strategie s tha t  ar e use d t o generat e 

th e solution . 

The analysi s o f  th e tw o representation s an d strategie s generate d b y th e tw o subject s 

reveale d informatio n abou t  proces s difference s betwee n H D K an d L D K experts .  Th e H D K subjec t 

use d forwar d chainin g t o generat e hypothese s an d use d backwar d chainin g strateg y t o explai n th e 

relationshi p betwee n th e cue s an d th e hypotheses ,  i n providin g th e underlyin g pathophysiologica l 

mechanism s o f  th e patient' s disease .  Thi s findin g i s consisten t  wit h th e earlie r  findin g tha t  H D K 

expert s generate d mor e link s fro m critica l  cue s tha n th e L D K expert .  Th e H D K subject' s 

representatio n o f  th e proble m wa s als o mor e elaborate d wit h mor e causa l  links .  H e als o provide d 

fewe r  diagnosti c hypothese s an d rule d ou t  mor e alternativ e hypotheses .  Thes e finding  le d t o th e 

use o f  th e ter m "mechanismic "  t o describ e th e proces s o f  th e H D K expert . 

The L D K exper t  use d mor e backwar d chainin g strategies .  H e generate d mor e diagnosti c 

hypothese s an d hi s proble m representatio n wa s muc h les s elaborate d an d detaile d tha n th e H D K 

expert .  Th e hypothese s generate d b y th e L D K exper t  wer e ver y genera l  an d wer e relate d t o th e 

genera l  subcomponen t  o f  hypothyroidism .  H e evaluate d an d classifie d th e cue s i n term s o f  thei r 

relationshi p t o th e conditio n o f  hypothyroidism .  W e therefor e us e th e ter m "classificatory "  t o 

describ e th e proces s o f  th e L D K exper t 

The method s an d analysi s technique s use d i n thi s stud y reflec t  th e comple x natur e o f  th e 

relationshi p betwee n domai n knowledg e an d proble m solvin g strategies ,  a s wel l  a s th e proble m 

tha t  researcher s mus t  fac e i n th e assessmen t  o f  suc h comple x phenomena .  Th e us e o f  th e onlin e 

method s seem s ver y promisin g i n th e stud y o f  cognitiv e processes ,  especiall y t o stud y th e type s o f 

heuristi c strategie s tha t  use d t o solv e problems ,  strategi y shifts ,  an d th e type s o f  knowledg e 

require d t o d o so . 

342 



JOSEPH &  P A T E L 

A C K N O W L E D G E M E N TS 

We wish to thank Drs. Y. Patel, S. Magder and D. S^ Vil for their assistance with the 

medica l  aspect s o f  th e study .  W e particularl y wan t  t o acknowledg e th e suppor t  o f  th e physician s 

who generousl y volunteree d thei r  time .  W e wis h t o than k M .  Dillinger ,  Dr .  R  Bracewell ,  an d A . 

Breuleux ,  an d th e graduat e student s fo r  thei r  hel p a t  th e variou s stage s o f  th e study .  Thi s wor k 

was supporte d i n par t  b y grant s from  th e Josia h Mac y Jr .  Foundatio n (No .  B8520002 ) 

and th e Natura l  Science s an d Engineerin g Counci l  o f  Canad a (A2598 )  t o Viml a Patel . 

343 



J O S E PH &  P A T E L 

REFERENCES 

Bereiter ,  C ,  &  Bird ,  M .  (1985) .  Us e o f  thinkin g alou d i n identificatio n an d teachin g o f 
readin g comprehensio n strategies .  Cognitio n &  Instruction .  2 ,  131-156 . 

Bhaskar, R., & Simon, H. A. (1977). Problem solving in semantically rich domains: An 
exampl e fro m engineerin g thermodynamics .  Cognitiv e Science .  1 ,  193-215 . 

Boshuizen, H. P. A., & Classen, H. F. A. (1982). Problems of research into medical-
proble m solving .  Medica l  Education .  16 .  81-87 . 

Breuleux, A. & Bracewell, R. J. (1986). A discourse analysis approach to the analysis of think 
alou d protocols .  McGil l  workin g paper s i n cognitiv e science s #7 .  Montreal ,  McGi U 
University . 

Chase, W. G., & Simon, H. A. (1973). Perception in chess. Cognitive Psvchologv. 1, 
55-81 . 

Chi, M. T. H., Glaser, R., & Rees, E. (1981). Expertise in problem solving. In R. J. 
Stember g Advance s i n th e psycholog y o f  huma n intelligence .  LEA . 

CoughUn, L. D., & Patel, V. L. (1986). Tgxt pQmprghgnsiQn qnd the effect Qf expgrti?? in thg 
domai n o f  medicine .  Pape r  presente d a t  th e Annua l  Conferenc e o f  th e America n Educatio n 
Researc h Association ,  Sa n Francisco ,  CA . 

Elstein, A. S., Shulman, L. S., & Sprafka, S. A. (1978). Medical problem solving: An 
analysi s o f  clinica l  reasoning .  Cambridge ,  M A :  Harvar d Universit y Press . 

Ericsson, K. A., & Simon, H. A. (1984). Protocol analysis: Verbal reports as data. 
Cambridge ,  M A :  M T T press . 

Emst, G. W., ife Newell, A. (1969). GPS: A case study in generalitv and problem 
solving .  N e w York :  Academi c Press . 

Frederiksen, C. H. (1975). Representing logical and semanticstructure of knowledge 
acquire d from  discourse .  Cognitiv e Psvchologv .  7 ,  371-458 . 

Glaser, R. (1985). Thoughts on expertise. Technical report #8, LRDC, University of 
Pittsburgh ,  Pittsburgh ,  PA . 

Greeno, J. G., & Simon, H. A. (1986). Problem solving and reasoning. In R. C. 
Aticinson ,  R .  J .  Hermstein ,  G .  Lindzey ,  &  R .  D .  Luc e (Eds.) ,  Stevens '  handboo k 
of  experimenta l  psycholog y (rev .  ed.) .  N e w York :  Wiley . 

Groen, G. J., & Patel, V. L. (1985). Medical problem solving and cognitive psychology: Some 
questionabl e assumptions .  Medica l  Educatio n 19,95-100 . 

Hayes-Roth, B., & Hayes-Roth, F. (1979). A cognitive model of planning. Cognitive 
M s n c s ,  3,275-310 . 

Johnson, P. E., Duran, A. S., Hassebrock, F., MoUer, J., Prietula, M.,Feltovich, P. J., 
& Swanson ,  D .  B .  (1981) .  Expertis e an d erro r  i n diagnosti c reasoning .  Cognitiv e 
Science .  5 ,  235-283 . 

344 



JOSEPH & P A T E L 

Joseph, G-M, & Patel, V. L. (1986). Online analysis of expertise in medical problem 
solving .  Technica l  Repor t  No .  11 ,  Cente r  fo r  Medica l  Education ,  Facult y o f  medicine , 
McGil l  University . 

Kassirer, J. P., Kuipers, B. J., & Gorry, G. A. (1982). Toward a theory of clinical 
expertise .  Th e America n Journa l  o f  Medicin e 73.251-259 . 

Kintsch, W. (1974). The representation of meaning in memory. Hillsdale, NJ: LEA. 

Kintsch, W., & Greeno, J. G. (1985). Understanding and solving word arithmetic 
problems .  PsyghQlQgig^ l  Rgvigw ,  92,109-129 . 

Larkin, J., McDermott, J., Simon, D. P., & Simon, H. A. (1980). Expert and novice 
pCTformanc e i n solvin g physic s problems .  Science .  208,1335-1342 . 

Miller, P. B. (1975). Strategy choice in medical diagnosis. Project MAC. Report no. TR-153, 
Massachusset s Institut e o f  Technology . 

Patel, V. L., Frederiksen, C. H., & Groen, G. J. (1983). Relationship between comprehension 
and medica l  proble m solving .  I n th e essenc e o f  clinica l  competence :  Psychologica l  studie s 
of  exper t  reasonin g i n medicine .  Symposiu m conducte d a t  th e Researc h i n Medica l 
Educatio n Conferenc e o f  th e Associatio n o f  America n Medica l  Colleges ,  Washington ,  D C . 

Patel, V. L., & Frederiksen, C. H. (1984). Cognitive processes in comprehension and knowledge 
acquisitio n b y medica l  student s an d physicians .  I n H .  Schmid t  &  H.G .  DeVoide r  (Eds.) , 
Tutorial s i n Proble m Base d Learning .  Assen ,  Holland :  Va n Gorcum . 

Patel, V. L., & Groen, G. J. (1986). Knowledge based solution strategies in medical 
reasoning .  Cognitiv e Science .  10,91-116 . 

Patel, V. L., Arocha, J. F., & Groen, G. J. (1986). Strategy selection and degree of 
g?cpgnis g i q iqgdiga l  rgaspning .  Pape r  i n thi s volume . 

Scardamalia, M., & Bereiter, C. (1984). Pgyglpppignt pf stratggig? in text prpgessing. In 
H.  Mandl ,  N .  Stein ,  & ,  T .  Trabass o (Eds.) ,  Learnin g an d comprehensio n o f  text . 
Hillsdale ,  NJ :  LEA . 

Simon, D. P., & Simon, H. P. (1978). Individual differences in solving physics 
problems .  I n R .  Siegle r  (Ed.) ,  Children' s thinking :  Wha t  develops ? Hillsdale , 
N.J. :  Lawranc e Earlbaum . 

345 


	cogsci_1986_331-345

