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Abstrac t 

A bette r  understandin g o f  th e natur e o f  consultation s 
betwee n professional s engagin g i n th e collaborativ e 
proces s o f  solvin g comple x problem s — expertis e i n us e 
— offer s th e potentia l  t o reshap e ou r  idea s abou t  ho w t o 
desig n compute r  system s tha t  ca n engag e i n collaborativ e 
proble m solvin g wit h thei r  huma n cohorts .  Th e researc h 
reporte d her e ha s sough t  t o accoun t  fo r  ke y behavior s 
contributin g t o successfu l  consultation ,  a s identifie d b y a 
cognitiv e tas k assessmen t  o f  human-huma n consultatio n 
discours e i n th e medica l  teachin g round s setting .  W e hav e 
come t o vie w th e communicatio n act s o f  th e 
presenter/investigato r  a s evidenc e o f  hi s  deliberat e 
intentio n t o indirectl y construc t  a  particula r  mode l  o f  th e 
patient' s cas e — hi s mode l  — i n th e expert' s  mind , 
resultin g i n tw o separat e bu t  relate d diagnosti c task s fo r 
th e expert :  on e a t  th e patien t  leve l  an d on e a t  th e 
presenter/investigato r  level .  Thi s dual-diagnosti c theor y 
of  exper t  understandin g o f  th e presenter/investigator' s 
communicatio n action s i s  partiall y  implemente d i n th e 
RUMINATE program .  Th e theor y provide s insight s int o th e 
expert' s  capacit y t o mode l  aspect s o f  th e 
presenter/investigator' s competenc e — insight s tha t 
contribut e t o ou r  understandin g o f  expertis e embedde d i n 
th e contex t  o f  collaborativ e proble m solvin g discourse . 

Introduction 

I n (Evan s &  Gadd ,  1989 ;  Gadd ,  1995 ;  G a d d &  Pople ,  1988 ; 
G a dd &  Pople ,  1990 )  w e describ e a  cognitiv e tas k analysi s 
of  medica l  round s discourse ,  a  for m o f  consultatio n i n whic h 
on e o f  th e partners ,  th e presenter/investigator ,  m a y no t  b e a 
domai n exper t  bu t  possesse s a  competenc e i n th e domai n an d 
has bee n responsibl e fo r  gatherin g an d performin g th e initia l 
analyse s o f  th e dat a availabl e abou t  th e proble m t o b e 
solved .  Th e secon d partner ,  th e exper t  o r  consultant ,  ha s th e 
benefi t  o f  year s o f  experienc e solvin g problem s i n th e 
domain ,  bu t  i n thi s instanc e h e i s  relian t  upo n th e 
presenter/investigato r  fo r  acces s t o m u c h o f  th e cas e data . 
We clai m tha t  suc h consultation s requir e a  comple x mode l 
of  expertise ,  i n whic h skillfu l  executio n o f  th e role s o f 
teacher ,  critic ,  an d communica to r  lead s t o superio r 
collaborativ e proble m solving . 

Our  analysi s o f  a  larg e corpu s o f  teachin g round s discours e 
dala ^  le d u s t o asser t  tha t  m u c h o f  th e exper t  behavio r 

^  Th e dat a se t  consist s o f  eleve n complet e interna l  medicin e 
teachin g round s case s recorde d a t  hospital s affiliate d wit h th e 

observe d i n roimd s coul d possibl y b e explaine d b y detectin g 
th e presenc e o f  loca l  incoherencie s i n th e discours e relativ e 
t o th e expert' s  mode l  o f  th e proble m stat e — a  single-mode l 
approac h whic h w e sugges t  i s  sufficien t  fo r  readil y 
recognizabl e divergence s fro m th e expert' s  mode l  (se e Evan s 
& Gadd ,  1989) .  Ou r  analysi s als o indicate s tha t  ther e wer e 
instance s w h e n th e exper t  focuse d upo n th e source ,  i n 
additio n t o th e presence ,  o f  incoherency ,  requirin g a 
multiple-mode l  (expert/non-expert )  approac h i n whic h th e 
exper t  seek s t o uncove r  th e reasonin g processe s b y whic h 
th e presenter/investigato r  ha s c o m e t o se e th e problem .  I n 
(Evan s &  Gadd ,  1989 )  w e suggeste d th e possibilit y o f 
generatin g a n alternativ e agen t  mode l  fro m th e exper t  model , 
fo r  thos e situation s w h e n th e single-mode l  approac h wa s 
inadequate;and ,  i n (Gad d &  Pople ,  1988 ;  Gad d &  Pople , 
1990) ,  describe d a n earl y versio n o f  a  multiple-mode l 
approac h t o diagnosti c reasonin g i n collaborativ e discours e 
settings .  I n thi s paper ,  w e refin e thi s theor y o f  th e expert' s 
reasonin g regardin g th e presenter/investigator' s intende d 
model  o f  patient-specifi c  reasonin g i n a  clinica l  consultatio n 
an d introduc e R U M I N A T E,  a  computer-base d simulatio n 
intende d t o demonstrat e th e plausibilit y  o f  th e theory .  Th e 
contribution s o f  thi s wor k ar e addresse d i n th e introductio n 
t o th e followin g sectio n an d i n th e conclusions . 

A Theory of the Multiple Roles of 
D i a g n o s i s i n C o n s u l t a t i o n 

State d i n genera l  terms ,  diagnosi s i s th e formulatio n an d 
evaluatio n o f  competin g hypothese s tha t  coul d accoim t  fo r 
some observe d behavio r  o r  evidence .  I n thi s mode l  w e ar e 
proposin g tha t  th e exper t  use s tw o ver y simila r  version s o f 
thi s generi c diagnosti c proces s t o perfor m inferenc e i n tw o 
distinctl y differen t  hypothesi s spaces .  Thes e hypothesi s 
space s correspon d t o th e expert' s  intertwine d goal s o f 
a)  understandin g th e patient' s medica l  problem ,  an d 
b)  evaluatin g th e expertis e o f  th e presenter/investigato r  (th e 
perso n presentin g th e patien t  data ,  w h o m w e assum e t o als o 
be th e physicia n workin g u p th e case) .  I n medica l  teachin g 

Universit y o f  Pittsburg h Schoo l  o f  Medicin e an d Merc y 
Hospita l  i n Pittsburgh ,  PA .  W e als o analyze d transcript s o f 
specialt y consultations ,  includin g thos e conducte d face-to-fac e 
and b y telephone .  Th e cognitiv e tas k analyse s o f  th e mor e tha n 
twent y hour s o f  transcript s utilize d technique s adapte d fro m 
linguistic s an d discours e understandin g research . 
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rounds ,  case-relate d observabl e behavio r  availabl e t o th e 
exper t  arise s fro m severa l  source s — includin g th e 
presenter/investigator' s communicatio n act s (usuall y i n th e 
for m o f  report s o f  findings  o r  manifestation s o f  (iiscas c tha t 
ar e presen t  o r  absen t  i n th e patient ;  se e Figiu c 1  lo r  a n 
example) ,  a  physica l  e x a m performe d b y th e exper t  a t  th e 
bedside ,  an d revie w o f  imagin g outpu t  an d laborator y data . 

Presenter/investigator :  .. . 
hi s complaint s ar e thos e o f  u m dysphagi a 
whic h i s a h marke d b y stickin g i n 

th e lo w retrosterna l  are a 
and som e pain s 
a dul l  pai n i n tha t  are a 
ah th e pai n i s dul l 
it' s  no t  o f a  burnin g qualit y 
and i t  doesn' t  radiat e an y wher e .. . 

Figure 1: Example of presenter/investigator's reports 
Case 4  (line s 30-4 6 i n th e origina l  transcript ) 

This research has focused upon the presenter/investigator's 
communicatio n act s a s th e sourc e o f  evidenc e fo r  bot h 
diagnosti c processes .  Th e first  diagnosti c proces s focuse s o n 
an explanatio n o f  th e patient' s observe d (o r  a t  leas t  reported ) 
medica l  condition ,  i n term s o f  disease s tha t  coul d hav e 
cause d o r  contribute d t o a  specifi c  se t  o f  findings .  T h e 
secon d diagnosti c process ,  an d th e par t  o f  th e propose d 
model  demonstrate d b y th e R U M I N A TE implementation , 
focuse s o n a  ver y differen t  explanatio n task :  h o w th e 
presenter/investigator' s communicatio n acts ,  i n th e for m o f 
report s abou t  th e patient' s medica l  problems ,  ca n b e 
explaine d i n term s o f  plausibl e pattern s o f  medica l 
diagnosti c reasoning .  W e vie w th e communicatio n act s o f 
th e presenter/investigato r  a s evidenc e o f  hi s deUberat e 
intentio n t o indirectl y construc t  a  particula r  mode l  o f  th e 
patient' s cas e — hi s mode l  — i n th e expert' s  mind .  Ther e 
ar e severa l  ke y phrase s i n thi s descriptio n o f  th e 
presenter/investigator-leve l  o f  diagnosis ,  eac h o f  whic h wil l 
be discusse d i n turn . 

Deliberat e intention .  First ,  b y referrin g t o th e 
presenter/investigator' s deUberat e intentio n w e emphasiz e th e 
relationshi p betwee n thi s researc h an d th e basi c ide a o f  th e 
earl y wor k o f  Allen ,  Cohen ,  an d Perraul t  (Alle n &  Perrault , 
1980 ;  Cohe n &  Perrault ,  1979) :  tha t  act s o f  communicatio n 
wer e planne d i n orde r  t o achiev e certai n goals. ^  T h e 
presenter/investigator' s presentatio n i s th e resul t  o f  hi s 
deliberat e intentio n t o influenc e th e expert' s  belief s b y 
havin g th e exper t  construc t  a  mode l  o f  th e patient' s cas e tha t 
i s congruen t  wit h hi s o w n ,  thereb y demonstratin g hi s 
diagnosti c an d commimicativ e competence .  Fo r  hi s part ,  th e 
exper t  i s  a  willin g constructo r  o f  suc h a  model ,  sinc e i t 
serve s hi s goa l  o f  evaluatin g th e presenter/investigator' s 

^  Man y researcher s hav e explore d th e relationshi p betwee n 
behefs ,  intention ,  an d discours e plan s (Carberry ,  1983 ;  Gros z 
& Sidner ,  1986 ;  Litman ,  1985 ;  Moor e &  Swartout ,  1989 ; 
Pollack .  1986) . 

diagnosti c an d communicativ e competencies .  Therefore ,  a s 
he use s th e presenter/investigator' s communicatio n act s t o 
put  thi s mode l  together ,  h e als o judge s i t  fo r  completeness , 
lac k o f  ambiguity ,  an d accuracy . 

Indirec t  construction .  Second ,  a s w e discusse d i n ou r 
analysi s o f  th e transcrip t  dat a (se e Evan s &  Gadd ,  1989) ,  th e 
proces s o f  diagnosi s i s no t  explicitl y  feature d i n th e 
presenter/investigator' s c o m m u n i c a t i o n acts .  Th e 
institutiona l  norm s o f  th e Standar d Orde r  o f  Presentatio n 
(SOP)  an d th e loca l  topi c structur e o f  round s discours e 
stipulat e th e term s o f  a  contractua l  exchang e betwee n th e 
exper t  an d th e presenter/investigato r  tha t  ca n b e characterize d 
as a  dialogu e i n whic h th e presenter/investigato r  relie s o n 
indirec t  constructio n t o conve y hi s intende d model .  Ther e ar e 
severa l  reason s fo r  thes e institutiona l  norms ,  includin g ci ) 
th e difficult y o f  reconstructin g th e extensiv e diagnosti c 
activit y tha t  wa s performe d b y th e presenter/investigato r 
prio r  t o th e presentatio n an d b )  th e appropriatenes s o f 
examinin g a  specifi c  diagnosi s fro m multipl e perspective s 
(e.g. ,  differen t  physiologica l  systems). ^  I n adherin g t o th e 
term s o f  thi s confractua l  exchange ,  th e presenter/investigato r 
use s th e conten t  an d timin g o f  th e communicatio n act s tha t 
compris e hi s presentatio n — hi s choice s o f  whic h patien t 
finding s t o presen t  an d whe n t o presen t  the m — t o indirecfl y 
construc t  hi s intende d model . 

Evidenc e interpretation .  Finally ,  ou r  referenc e t o evidenc e 
of  th e presenter/investigator' s deliberat e intentio n t o 
indirectl y construc t  a  particula r  mode l  o f  th e patient' s cas e 
.. .  i n th e min d o f  th e exper t  correspond s directl y t o th e 
secon d leve l  o f  diagnosti c reasonin g describe d i n th e openin g 
paragrap h o f  thi s section :  h o w th e presenter/investigator' s 
communicatio n act s ca n b e explaine d b y th e exper t  i n term s 
of  plausibl e pattern s o f  patient-specifi c  diagnosti c reasomng . 
Not e tha t  i n thi s secon d diagnosti c process ,  i t  i s  th e 
communicatio n ac t  o f  reportin g a  finding ,  rathe r  tha n th e 
conten t  valu e o f  th e finding ,  tha t  serve s a s observe d behavio r 
or  evidenc e i n th e diagnosti c process .  Althoug h th e sourc e o f 
ev idenc e fo r  bot h diagnosti c processe s i s a 
presenter/investigator' s utterance ,  suc h a s "H e ha s n o 
jaundice, "  th e actua l  evidenc e interprete d i s differen t  fo r  each . 
T h e expert' s  patien t  diagnosti c proces s use s th e conten t 
valu e o f  th e findin g reported ,  i n thi s cas e negativ e fo r 
jaundice ,  t o downgrad e th e causa l  o r  contributor y rol e o f 
live r  involvement .  T h e expert' s  secon d diagnosti c process , 
aime d a t  understandin g th e reasonin g processe s o f  th e 
presenter/investigator ,  use s th e ac t  o f  reportin g th e findin g 
as poss ib l e con f i rm in g ev idenc e tha t  th e 
presenter/investigato r  ha s considere d hve r  involvemen t  a s h e 
attempte d t o perfor m hi s diagnosi s o f  th e patient .  I n th e firs t 
case ,  th e utteranc e containin g th e findin g repor t  impact s th e 
expert' s  curren t  understandin g o f  th e patient .  I n th e secon d 
cas e th e utteranc e impact s th e expert' s  curren t  understandin g 
of  th e h o w th e presenter/investigato r  intend s fo r  th e exper t 
t o believ e h e ha s reasone d i n hi s attemp t  t o understan d th e 
patient . 

T h e distinctio n betwee n thes e tw o diagnosti c processe s 
m ay see m subtle ,  bu t  w e woul d argu e i t  i s  essentia l  t o 

^  Cf .  (Cicourel ,  1990 )  discussio n o f  th e socia l  complexit y o f 
collaborativ e medica l  diagnosis . 
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constructin g a  complete ,  multidimensiona l  mode l  o f  medica l 
ex{x;rtis e Th e first ,  diagnosin g th e patient ,  i s  crucia l  t o th e 
physician' s lon g recognize d rol e o f  medica l  proble m solver , 
bringin g t o bea r  hi s knowledg e o f  disease ,  physiology ,  etc. . 
i n a  nove l  patien t  setting .  T h e second ,  diagnosin g th e 
presenter/investigator ,  i s  equall y crucia l  t o th e physician' s 
rol e o f  consultan t  t o les s experience d o r  pee r  physicians ,  i n 
whic h communicat io n o f  medica l  knowledg e (a s bot h 
speake r  an d hearer )  an d evaluatio n o f  th e othe r  person' s 
expertis e ar e importan t  tasks . 

Contribution .  T h e dual-diagnosti c m o d e l  provide s 
importan t  insight s int o the  relationshi p betwee n th e 
presenter/investigator' s communicat io n action s an d th e 
expert' s  capacit y t o m o d e l  aspect s o f  th e 
presenter/investigator' s competenc e regardin g a )  th e 
presentatio n o f  informatio n tha t  i s consisten t  wit h 
expectations  o f  a n institutionalize d setting ;  an d b )  th e 
appropriatenes s o f  th e patient-specifi c  reasonin g h e ha s 
intende d t o communicat e b y hi s presentation .  Specifically , 
th e mode l  identifie s thos e situation s i n th e round s discours e 
i n whic h th e exper t  ca n n o longe r  brin g hi s understandin g o f 
th e p r o b l e m int o c o n c o r d a n c e w i t h th e 
presenter/investigator' s reports ,  an d offer s plausibl e 
alternativ e reasonin g pattern s as  potentia l  source s o f  th e 
discordance .  Ou r  analyse s o f  round s discours e dat a indicat e 
tha t  thes e type s o f  situation s ofte n resul t  i n exper t 
intervent ion s (i.e. ,  interrupt ion s o f  t h e 
presenter/investigator' s presentatio n i n whic h th e exper t  ask s 
a relationship-seekin g questio n i n prelud e t o a n explanatio n 
or  Socratic-styl e dialogue) ,  an d a s such ,  ar e ke y t o 
understandin g expertis e e m b e d d e d i n th e contex t  d " 
collaborativ e discourse .  T h e followin g descriptio n o f  thes e 
tw o diagnosti c processes ,  an d th e specifi c  natur e o f  thei r 
respectiv e hypothesi s spaces ,  contrast s th e meanin g an d us e 
of  observe d behavio r  a s evidenc e i n each . 

Patient-level Diagnosis 

T h e focu s o f  th e expert' s  firs t  diagnosti c proces s i s th e 
patient' s medica l  problem .  I n thi s diagnosti c process ,  a 
hypothesi s i s forme d fo r  eac h diseas e tha t  coul d b e 
considere d a  candidat e fo r  explanatio n o f  th e medica l 
problem .  Th e hypothesi s spac e i s m a d e u p o f  al l  disease s 
tha t  shoul d b e considere d i n a n attemp t  t o accoun t  fo r 
observe d behavio r  o r  evidence ,  her e define d a s on e o r  mor e 
medica l  finding s an d thei r  associate d value s (e.g. ,  usuall y 
positive ,  negative ,  o r  a  numeri c value. )  Th e diagnosti c 
proces s consist s o f  formin g an d evaluatin g hypothese s abou t 
whic h disease(s )  woul d bes t  accoim t  fo r  th e medica l  finding s 
as the y ar e provide d a s evidence.' *  Sinc e ther e ar e ofte n 

' *  Althoug h thi s researc h relie s upo n th e hypothetico -
deductiv e metho d mos t  frequentl y associate d wit h description s 
of  medica l  proble m solving ,  othe r  researc h suggest s tha t 
physicians '  selectio n o f  data-gatherin g an d clinica l  reasonin g 
strategie s "i s dependen t  o n man y factors ,  includin g knowledge , 
th e discours e content ,  an d th e completenes s an d precisio n o f 
informatio n provide d b y th e patient. "  (Patel ,  Evan s &  Kaufman , 
1989 ,  p .  308) . 

competin g hypotheses^ ,  ther e ar e situation s i n whic h 
quandarie s aris e a s t o whic h hypothesi s bes t  accoimt s fo r  th e 
finding(s) .  A  classi c quandar y i n clinica l  medicin e i s tha t 

betwee n assimilatin g a  n e w findin g wit h a n existin g 
hypothesi s versu s seekin g a n independen t  caus e fo r  it .  A n 
exampl e o f  a  padent-leve l  quandary ,  derive d i n thi s cas e fro m 
th e introductio n o f  a  positiv e findin g o f  retrosterna l  pain ,  i s 
show n i n Figur e 2 . 

Patknt-lcve l  quandar y 
Explain-finding :  pain-retrosterna l 

Consider-both :  Assimilat e w /  existin g hypothesi s 
and 

^.^__^___ _ Conside r  independen t  caus e 

Conside r  independen t  caus e 
Competing-hypothesis :  hear t  involvemen t 
Explain-finding :  pain-retrostema l 
Attributed-findings :  non e 
Expected-findings :  pain-retrostemal-radiatin g 

EKG-pattern x 

Assimilat e W existin g hypothesi s 

Existing-hypothesis :  esophagea l  involvemen t 

Explain-finding: pain-retrostemal 
sticking-sensation-retrostema l 

Attributed-findings :  dysphagi a 

Expected-findings :  pain-retrostemal-buniin g 
regurgitation-into-mouth-sou r 

Figure 2: Patient-level quandary 

T h e proces s o f  diagnosin g th e patient' s medica l  proble m 
include s determinin g wha t  additiona l  evidence ,  i n th e for m o f 
findings ,  woul d b e usefu l  t o th e exper t  i n understandin g th e 
patient' s problem .  I n th e roimd s setting ,  thes e additiona l 
finding s (als o s h o w n i n Figur e 2 )  for m a  se t  o f  expectation s 
fo r  finding s t o b e include d i n futur e report s b y th e 
presenter/investigator .  Eac h n e w findin g i s interprete d wit h 
respec t  t o it s abilit y t o increas e o r  decreas e th e suppor t  fo r 
disease s i n th e existin g hypothesi s spac e o r  t o chang e th e 
formulatio n o f  th e hypothesi s spac e m o r e dramatically ,  suc h 
as w h e n existin g patient-leve l  quandarie s ar e resolve d o r  n e w 
quandarie s ar e created .  T h e diagnosti c proces s continue s i n 
thi s fashion ,  wit h th e ultimat e goa l  o f  convergin g o n a 
consisten t  explanatio n o f  th e patient' s se t  o f  findings,  i n th e 
for m o f  on e o r  m o r e diseases . 

Presenter/investigator-level Diagnosis 

T h e focu s o f  th e expert' s  secon d diagnosti c proces s i s th e 
constructio n an d evaluatio n o f  th e presenter/investigator' s 
intende d m o d e l  o f  patient-specifi c  reasoning .  I n thi s 
diagnosti c process ,  a  hypothesi s i s a  patter n o f  reasonm g 
abou t  th e patient-leve l  diagnosi s tha t  coul d b e attribute d t o 
th e presenter/investigator ,  an d th e hypothesi s spac e i s th e se t 
of  thes e reasonin g pattern s tha t  coul d plausibl y accoun t  fo r 

^  Thi s se t  o f  competin g hypothese s i s  ofte n referre d t o i n 
clinica l  medicin e a s th e differentia l  diagnosis . 
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th e presenter/investigator' s observe d communicat io n 
behavio r  — usuall y a  repor t  o f  a  medica l  finding . 
Contrastin g thi s for m o f  evidenc e wit h tha t  use d a t  th e 
patien t  diagnosi s level ,  i t  i s  th e ac t  o f  reportin g th e finding , 
not  th e conten t  valu e o f  th e findin g ( e g ,  jxisiiive , 
negative) ,  tha t  appear s t o b e relevan t  t o understandin g th e 
reasonin g o f  th e presenter/investigator. ^ 

I n hi s tas k o f  constructin g th e mode l  o f  patient-specifi c 
reasonin g intende d b y th e presenter/investigator' s 
communicatio n actions ,  ou r  analyse s sugges t  tha t  th e exper t 
use s hi s o w n reasonin g abou t  th e patient' s proble m a s th e 
nomina l  trajector y throug h th e spac e o f  possibl e reasonin g 
pattems J I n othe r  words ,  i n th e absenc e o f  indication s t o 
th e contrary ,  th e exper t  assume s th e presenter/investigator' s 
reasonin g abou t  th e patient' s proble m shoul d approximat e 
hi s own .  Lik e al l  defaul t  values ,  th e expert' s  us e o f  hi s o w n 
patient-leve l  diagnosti c proces s a s a  hypothesi s wit h respec t 
t o h o w th e presenter/investigato r  ha s reasone d abou t  th e 
patient' s medica l  proble m ha s the  potentia l  t o b e disprove n 
by subsequen t  evidence .  Therefore ,  th e expert' s  hypothesi s 
spac e i s als o populate d b y plausibl e alternative s t o th e 
expert' s  preferre d reasonin g pattern .  Thes e alternative s m a y 
not  b e correct ,  i n tha t  the y m a y lea d t o incomplet e o r  eve n 
wron g patient-leve l  diagnoses ,  bu t  the y d o provid e th e exper t 
wit h som e direction s t o explor e i f  hi s nomina l  trajector y i s 
unabl e t o accoun t  fo r  th e presenter/investigator' s subsequen t 
utterances . 

Referrin g agai n t o th e poin t  i n ou r  exampl e w h e n th e n e w 
findin g o f  retrosterna l  pai n i s reported ,  the  expert' s  patient -
leve l  diagnosti c proces s forme d a  quandar y betwee n 
"assimilat e wit h th e esophagea l  problem" ,  o r  "pursu e on e o r 
mor e independen t  causes ,  suc h a s hear t  involvement. " 
However ,  i t  i s  als o plausibl e tha t  th e presenter/investigato r 
m ay no t  hav e considere d the  hear t  involvemen t  a t  al l 
— preferrin g t o assimilat e th e pai n fmdin g int o th e existin g 
esophagea l  prob le m withou t  consideratio n o f  an y 
independen t  causes .  T h e ultimat e resolutio n o f  thi s issu e i s 
dependen t  u p o n evidenc e t o b e f o u n d i n th e 
presenter/investigator' s subsequen t  utterance s (eiflie r 
voluntar y o r  perhap s i n respons e t o indirec t  o r  direc t 
questionin g b y th e expert) .  Therefor e th e exper t  form s a 
secon d typ e o f  quandary ,  thi s on e a t  the  leve l  o f 
understandin g th e presenter/investigator' s reasoning .  Thi s 
presenter/investigator-leve l  quandar y i s b e t w e e n tw o 
plausibl e reasonin g patterns ,  eithe r  o f  whic h coul d accoim t 
fo r  th e presenter/investigator' s observe d behavior : 

•  I s h e followin g th e expert' s  nomina l  reasonin g patter n 
(calle d th e nomina l  path) ,  i n whic h a  patient-leve l 
quandar y i s create d betwee n assimilatin g the  pai n 

"  Evidenc e ma y als o aris e fro m th e failur e t o repor t  a n 
expecte d findin g o r  eve n th e ac t  o f  reportin g th e orderin g o f  a 
tes t  withou t  reportin g it s presentl y unavailabl e result .  Thes e 
source s o f  evidenc e ar e discusse d full y i n (Gadd ,  1995) . 

'  Th e expert' s  nomina l  trajector y refer s t o th e reasonin g tha t 
he ha s use d t o arriv e a t  hi s curren t  understandin g o f  th e patient , 
i.e. ,  hi s patient-leve l  diagnosti c process .  Th e nomina l 
trajector y doe s no t  necessaril y  impl y correctnes s i n th e 
absolut e sense ;  instea d i t  serve s a s a  defaul t  hypothesi s 
regardin g th e presenter/investigator' s reasoning . 

findin g wit h th e esophagea l  proble m o r  seekin g a n 
independen t  cause ? o r 

•  I s h e followin g a n alternativ e patter n o f  reasonin g (calle d 
th e alternativ e path )  i n whic h the  pai n i s assimilate d 
withi n th e esophagea l  proble m withou t  consideratio n 
of  hear t  o r  othe r  independen t  causes ? 

I n ou r  example ,  thi s qixandar y form s th e curren t  hypothesi s 
spac e i n th e presenter/investigator-leve l  diagnosis ,  show n i n 
Figur e 3 . 

Ptesenter/investigator-leve l  quandar y 
Nomina l  path :  Patien t  leve l  quandar y 
Alternativ e path :  Assimilat e w/existin g hypothesi s onl y —• 
Status :  unresolve d 
Status-supported-by :  ni l 

Patien t  leve l  quandar y 
Explain-finding :  pain-retrosterna l 

Consider-tx)th :  Assimilat e w/existin g hypothesi s -
and 
Conside r  independen t  caus e 

Conside r  independen t  caus e 
Competing-hypothesis :  hear t  involvemen t 
Explain-finding :  pain-retrosterna l 
Attributed-findings :  non e 

Expected-findings :  pain-retrostemal-radiatin g 
EKG-pattern x 

Assimilat e w /  existin g liypothesi s 
Existing-hypothesis :  esophagea l  involvemen t 
Explain-finding :  pain-retrosterna l 

Attributed-findings :  dysphagi a 
sticking-sensation-retrostema l 

Expected-findings :  pain-retrosternal-burnin g 
regurgitation-into-mouth-sou r 

Figure 3: Presenter/investigator-level quandary 

The presenter/investigator-level diagnostic process 
include s determinin g wha t  additiona l  evidence ,  i n th e for m d " 
report s o f  findings ,  woul d b e usefu l  i n furtherin g th e expert' s 
imderstandin g o f  th e presenter/investigator' s reasoning .  I n 
thi s example ,  th e exper t  ca n us e th e presenc e o f  hear t  fmdin g 
report s a t  appropriat e time s withi n the  organizatio n o f  th e 
round s presentatio n a s evidenc e agains t  th e "assimilat e wit h 
existin g proble m only "  le g o f  hi s quandar y abou t  th e 
presenter/investigator' s reasonin g (an d th e absenc e o f  suc h 
report s a s evidenc e fo r  th e "assimilate-only "  leg) . 

Eac h n e w repor t  b y th e presenter/investigato r  i s  interprete d 
wit h respec t  t o it s abilit y  t o increas e o r  decreas e th e suppor t 
fo r  on e o f  th e competin g reasonin g pattern s i n th e existin g 
hypothesi s spac e a t  thi s leve l  o f  diagnosis .  A  n e w repor t 
m ay als o hav e th e effec t  o f  changin g th e fo r m o f  th e 
hypothesi s space ,  b y resolvin g a  quandar y a t  thi s leve l  o r 
causin g a  n e w on e t o b e created .  Quandar y resolutio n i s 
demonstrate d i n ou r  examp l e w h e n th e findin g o f  "n o 
radiatin g qualit y associate d wit h th e retrosterna l  pain "  i s 
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reported .  Thi s repor t  o f  a  finding ,  whic h coul d indicat e a 
hear t  proble m suc h a s angin a bu t  i s  no t  linke d t o an y o f  th e 
esophagea l  diseases ,  i s  likel y t o b e interprete d b y th e exper t 
as resolvin g hi s quandar y abou t  whethe r  th e 
presenter/investigato r  wa s considerin g hear t  involvemen t  a s 
wel l  a s esophagea l  involvemen t  a s a  possibl e caus e fo r  th e 
pain .  I n othe r  words ,  th e exper t  i s  abl e t o assume ,  wit h 
mor e certaint y a s a  resul t  o f  thi s lates t  report ,  tha t  th e 
presenter/investigator' s reasonin g i s congruen t  wit h hi s own . 

If ,  i n thi s situation ,  th e presenter/investigato r  doe s no t 
repor t  abou t  th e radiatin g qualit y o f  th e pai n befor e movin g 
o n t o som e othe r  topic ,  th e exper t  coul d interpre t  thi s "faile d 
expectation "  a s resolvin g th e existin g quandar y abou t  th e 
presenter/investigator' s reasonin g i n favo r  o f  th e "assimilate -
only "  pat h — o r  a t  leas t  a s supportin g thi s alternativ e ove r 
hi s o w n preferre d reasonin g pattern .  Th e exper t  ha s reache d 
an evaluatio n poin t  du e t o a  perceive d lac k o f  congruenc e 
betwee n hi s reasonin g an d tha t  o f  th e presenter/investigator . 
At  suc h a n evaluatio n point ,  th e exper t  want s t o explai n th e 
sourc e o f  th e apparen t  incongruence .  H e m a y decid e t o 
interven e wit h a  direc t  o r  indirec t  questio n t o th e 
presenter/investigato r  regardin g consideratio n o f  hear t 
involvemen t  i n thi s case .  O r  th e exper t  m a y decid e t o defe r 
actio n unti l  som e late r  point ,  continuin g t o gathe r  evidenc e 
tha t  m a y (o r  m a y not )  provid e insigh t  int o th e sourc e o f  th e 
apparen t  incongruence .  I n th e round s discourse s w e analyzed , 
evaluatio n point s suc h a s thes e appea r  t o b e a n importan t 
sourc e o f  th e expert' s  discours e interventions ,  i.e. ,  question s 
or  explanations . 

Finally ,  conside r  th e situatio n i f  th e presenter/investigato r 
ha d reporte d orderin g a  complet e hear t  work-u p instea d o f 
reportin g th e negativ e findin g fo r  radiatin g pain .  Suc h a 
repor t  woul d b e o f  n o valu e i n th e diagnosi s o f  th e patient , 
sinc e i t  neithe r  increase s o r  decrease s th e suppor t  fo r  an y o f 
th e disease s hypothesized .  Howeve r ,  i t  serve s nicel y a s 
evidenc e t o downgrad e o r  eliminat e th e possibilit y  tha t  th e 
presenter/investigato r  ha s no t  considere d th e potentia l 
causalit y betwee n th e retrosterna l  pai n findin g an d hear t 
involvemen t  i n hi s reasonin g abou t  th e patient .  I n thi s 
situation ,  th e repor t  o f  orderin g a  diagnostic-specifi c 
procedur e suggest s tha t  th e presenter/investigator' s reasonin g 
and th e expert' s  reasonin g ar e congruent. ^ 

Thes e example s o f  h o w thre e quit e differen t  resolution s t o 
th e origina l  presenter/investigator-leve l  quandar y coul d occu r 
serv e t o reiterat e th e point s m a d e earlie r  abou t  wha t 
constitute s evidenc e a t  th e presenter/investigato r  leve l  d " 
diagnosis .  First ,  i t  i s  no t  th e conten t  valu e o f  th e findin g 
but  th e ac t  o f  reportin g i t  tha t  matter s sinc e eithe r  a  positiv e 
or  negativ e valu e fo r  th e findin g o f  radiatin g pai n woul d 
hav e serve d equall y wel l  a s evidenc e i n favo r  o f  th e 
presenter/investigato r  havin g considere d hear t  disease .  I n ou r 
analyse s o f  th e teachin g round s transcript s (Evan s &  Gadd , 

^  Ther e ar e stil l  som e ope n issue s here ,  suc h a s doe s th e pai n 
hav e a  radiatin g quality ,  i s  i t  appropriat e t o repor t a  hear t  work -
up a t  thi s poin t  i n th e round s presentatio n (withou t  reportin g 
clinica l  evidenc e fo r  doin g so) ,  an d wha t  exactl y i s mean t  b y 
hear t  work-u p (e.g. ,  a  cardiologis t  consult ,  a  specifi c  se t  o f 
tests) ? Thes e issue s ma y trigge r  evaluatio n point s simila r  t o th e 
one describe d above . 

1989 )  w e observe d tha t  m a n y so-calle d "significan t 
negatives "  see m t o b e attributabl e t o thi s typ e o f  signalin g 
o n th e par t  o f  th e presenter/investigator .  Second ,  evidenc e 
abou t  th e presenter/investigator' s reasonin g ca n als o b e 
foim d i n hi s failur e t o repor t  a  findin g a t  a n appropriat e tim e 
i n th e round s presentatio n — a s demonstrate d b y th e 
variatio n o n ou r  exampl e i n whic h th e h e doe s no t  mentio n 
th e radiatin g qualit y o f  th e pai n befor e movin g o n t o anothe r 
topic .  Ou r  theor y illustrate s th e interdependenc e o f  discours e 
structur e an d domain-specifi c  reasonin g b y usin g transition s 
betwee n segment s i n th e S O P an d betwee n (sub)topic s i n 
th e loca l  topi c structur e a s "forcin g points "  fo r  th e 
consideratio n o f  unreporte d bu t  expecte d findings .  Third ,  th e 
presenter/investigato r  leve l  o f  diagnosi s m a y usefull y 
interpre t  evidenc e tha t  doe s no t  infor m th e patien t  leve l 
diagnosti c process ,  suc h a s th e hear t  work-u p order . 

Th e interpretatio n o f  eac h n e w findin g repor t  m a y caus e 
modification s t o th e presenter/investigator-leve l  hypothesi s 
space ,  whic h coul d occu r  a s a  resul t  o f  th e interpretatio n 
itsel f  o r  a s a  resul t  o f  pursuin g th e type s o f  evaluatio n 
point s describe d above .  Followin g thi s interpretation , 
expectation s fo r  report s t o b e subsequentl y include d i n th e 
round s presentatio n ar e als o revised .  S o th e diagnosti c 
proces s a t  thi s leve l  continues ,  wit h th e goa l  o f  achievin g 
an d maintainin g congruenc e betwee n th e expert' s  an d 
presenter/investigator' s reasonin g abou t  th e patient ;  o r  i n 
othe r  words ,  t o facilitat e th e developmen t  o f  a  share d 
understandin g o f  th e patient' s medica l  problem . 

The RUMINATE Program 
Th e purpos e o f  th e R U M I N A TE progra m wa s t o tak e wha t 
has bee n a  fairl y  theoretica l  discussio n o f  h o w consultation s 
wor k an d enabl e th e leve l  o f  discours e t o b e brough t  t o a 
m u ch mor e concret e level .  T h e R U M I N A T E progra m require s 
severa l  knowledg e sources :  knowledg e abou t  h o w clinician s 
perfor m patient-specifi c  diagnosti c reasoning ,  includin g a 
representatio n languag e fo r  individua l  reasonin g action s an d 
th e permissibl e relationship s betwee n them ;  knowledg e 
abou t  th e type s o f  uncertaint y (calle d quandaries )  tha t  a n 
exper t  clinicia n m a y hav e abou t  th e reasonin g o f  a 
presenter/investigator ;  an d knowledg e abou t  wha t  constitute s 
evidenc e tha t  wil l  contribut e t o th e resolutio n o f  quandarie s 
tha t  a n exper t  clinicia n m a y hav e abou t  th e reasonin g o f  a 
presenter/investigator .  T h e reasonin g processe s perfonne d 
by R U M I N A TE closel y follo w th e presenter/investigator-leve l 
diagnosti c reasonin g proces s describe d i n th e previou s 
section .  First ,  R U M I N A TE model s h o w a n exper t  clinicia n 
use s bot h th e conten t  an d timin g o f  a  presenter/investigator' s 
c o m m u n i c a t i o n action s t o *ai n insigh t  int o th e 
presenter/investigator' s patient-sj)ecifi c  diagnosti c reasoning . 
Thi s i s accomplishe d throug h pla n induction ,  i n whic h a 
defaul t  reasonin g path ,  it s  alternatives ,  an d imcertaintie s 
wit h respec t  t o th e presenter/investigator' s adherenc e t o on e 
or  mor e o f  thes e path s — ar e inferred .  Second ,  R U M I N A TE 
model s h o w th e exper t  clinicia n seek s t o reduc e uncertaint y 
wit h respec t  t o hi s insigh t  int o th e presenter/investigator' s 
patient-specifi c  diagnosti c reasoning ,  i n th e followin g 
situations : 
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•  w h e n th e exper t  doesn' t  k n o w h o w th e 
presenter/investigato r  i s reasoning ,  b y assumin g th e 
presenter/investigato r  i s followin g th e defaul t  (i s  "wit h 
me" )  unti l  evidenc e t o th e conum y present s itself̂ ; 

•  w h e n th e exper t  knows/suspect s (h e 
presenter/investigator' s reasonin g differ s fro m hi s own , 
by identifyin g th e alternativ e reasonin g patter n an d 
establishin g a n explanatio n tas k t o fin d ou t  it s source ; 
and 

•  whe n th e exper t  believe s uncertaint y ha s bee n 
reduced/eliminate d regardin g hi s  understandin g o f 
presenter/investigator' s reasoning ,  b y establishin g 
expectation s fo r  subsequen t  presenter/investigato r 
report s tha t  ar e consisten t  wit h thi s understandin g an d 
creatin g explanatio n task s whe n the y fail . 

The RUMINATE progra m i s  describe d full y i n (Gadd , 
1995) ,  includin g example s o f  it s  behavio r  an d evaluatio n o f 
th e coverag e i t  provide s fo r  a  rang e o f  round s discours e 
exemplars . 

Conclusions 

The primar y goa l  o f  thi s researc h ha s bee n t o gai n a  bette r 
understandin g o f  th e natur e o f  consultation s betwee n 
professional s engagin g i n th e collaborativ e proces s o f 
solvin g comple x problems .  Ou r  focu s o n expertis e i n use , 
rathe r  tha n isolate d proble m solving ,  ha s le d u s t o conside r 
tw o importan t  aspect s o f  communicatio n action s i n 
consultatio n settings :  thei r  intentiona l  rol e withi n th e 
institutiona l  form s o f  discours e tha t  characteriz e 
consultation s an d thei r  specifi c  relationshi p t o th e expert' s 
capacit y t o develo p a  competenc e mode l  o f  th e 
presenter/investigator .  Her e w e hav e presente d a  theor y t o 
accoun t  fo r  a  wid e rang e o f  behavior s tha t  wer e observe d i n 
th e actua l  teachin g round s discourses .  Th e theor y wa s 
subsequentl y describe d i n th e concret e term s o f  a  simulation , 
thereb y allowin g assessmen t  o f  it s  strength s an d limitations , 
and providin g a  bas e fro m whic h t o explor e imresolve d 
issues . 

Communicatio n setting s characterize d b y uneve n 
knowledg e distribution ,  mentorshi p roles ,  institutiona l 
discours e norms ,  an d a  multiplicit y o f  participan t  objective s 
ar e prevalen t  i n profession s othe r  tha t  medicine ,  suc h a s la w 
and business .  I n publi c accounting ,  fo r  example ,  junio r  audi t 
staf f  routinel y repor t  thei r  fiel d finding s t o mor e senio r 
auditor s i n consultation-lik e session s i n whic h critique , 
advice ,  an d assessmen t  ar e activ e goals .  Th e mode l  propose d 
and explore d b y thi s researc h provide s a  basi s fo r  facilitatin g 
a supportiv e enviroimien t  fo r  human-compute r  proble m 
solvin g discours e i n suc h settings .  Bot h computer-base d 
consultant s an d learnin g enviromnent s coul d benefi t  fro m 
th e opportunit y t o gai n a  bette r  share d vie w o f  th e proble m 
t o b e solved ,  throug h exploratio n o f  th e proces s o f  domai n 
reasonin g afforde d b y thi s model . 
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